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PHENOL AND p-CHLOROPHENOL ADSORPTION
ON MODIFIED AND UNMODIFIED Ti(OEt)4
Tibet Öğünç1, Engin Şener2 and Şadiye Şener2
1

2

Department of Science, Faculty of Education, Inonu University, 44069 Malatya, Turkey
Department of Chemistry, Faculty of Arts and Science, Inonu University, 44069 Malatya, Turkey

SUMMARY
In this study, adsorption of phenol and p-chlorophenol (PCF) on metal-organic adsorbents, prepared by hydrolysis and subsequent condensation of acid-modified and
unmodified Ti(OEt)4, were investigated. Phenol and PCF
uptake was related to adsorbate concentration, adsorbent’s
type, contact time, and temperature. The adsorption equilibrium of phenol and PCF on the prepared adsorbents was
described by the Langmuir and the Freundlich models.
It was observed that the adsorbents based on modified
Ti(OEt)4 were more effective for organics than the nonmodified counterparts. In addition, adsorption of PCF was
greater than that of phenol on all adsorbent powders.

KEYWORDS:
Adsorption, isotherm, phenol, p-chlorophenol, organic pollutant.

A great variety of solids, such as TiO2, Al2O3, ZnO,
CaCO3, MgO, CaO, SrO, and BaO [11, 12], polymercoated surfaces and clay minerals, such as kaolinite or
montmorillonite [13] have been used for adsorption from
liquid phases. Alternatively, powders prepared by the solgel processing of metal alkoxides can be used for the
removal of organic and inorganic pollutants by means of
adsorption [14].
The aim of this study was to explore the possibility of
using new synthetic adsorbents to remove phenol and PCF
from aqueous solutions. The effects of various factors,
such as adsorbate concentration, adsorbent’s type, contact
time and temperature, on the sorption capacity have been
studied. Equilibrium modeling has been carried out
using Langmuir and Freundlich isotherm equations.
MATERIALS AND METHODS

INTRODUCTION
Liquid-phase adsorption processes have been considerably efficient for removal of colors, odors, organics and
organic pollutants from industrial processes or waste effluents [1-3]. Most of the adsorption applications are concerned with the removal of undesired substances, which are
dangerous to human health, from the environment [4]. On
the other hand, presence of phenol and phenolic compounds
in water has been a major environmental problem [57]. Phenols are introduced into surface and underground
water from industrial effluents, such as those from plastics,
cosmetics, petrochemical, pharmaceutical and paper industries. Phenols also occur in the surface water as a decomposition product of lignin, and are found in other plants.
They are considered to be priority pollutants, since they are
harmful to organisms at low concentrations, and many of
them have been classified as hazardous pollutants because
of their potential harm to human health. Stringent US
Environmental Protection Agency (EPA) regulations call
for lowering the phenol content in wastewaters to less than
1 mg/L [8]. It has been reported that long-time exposure to
trace amounts of phenol or phenolic wastewater containing
pesticides, causes chronic toxicity [9, 10].

Reagents

Titanium(IV)etoxide (Fluka) was used as it stands,
but 2-methylbutanoic acid (2-MBAH), 3-methylbutanoic
acid (3-MBAH) (Aldrich), chloroform (Merck) and ethyl
methyl ketone (Merck) were stored over molecular sieve
(Fluka, 3Å XL8) for 24 h before use. Phenol and PCF
(Merck) solutions were prepared by using deionized water
produced by a Milli-Q Plus system. Unless otherwise
stated, all adsorption experiments were performed at room
temperature (22±1 oC).
Preparation of Adsorbent Powders

The first stage in the preparation of adsorbent powders
involves obtaining the hydrolysis/condensation products of
unmodified Ti(OEt)4 and that modified with 2-MBAH and
3-MBAH. Details on this procedure were previously
reported by Şener et al. [15]. In the second stage, these
products were dried in a vacuum sterilizer at 100 oC, after
which they were ground into fine powder and collected
through a 175-200 mesh sieve. Finally, the powdered
material was calcinated in a muffel furnace at 150 oC for
60 min.
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The three adsorbents shall be referred to as A1 (unmodified Ti(OEt)4), A2 (2-MBAH-modified Ti(OEt)4), and
A3 (3-MBAH-modified Ti(OEt)4), respectively. Surface
areas of A1, A2 and A3 were evaluated by BET and N2
adsorption methods as 246±2, 0.66±0.02, 7.8±0.2 m 2/g,
respectively.
Batch adsorption tests

The adsorption experiments were carried out using
the batch equilibration technique. An accurately weighed
amount of adsorbent was allowed to reach equilibrium with
adsorbates (phenol and PCF solutions) of known concentrations. Known weights of adsorbents (0.1 g) were added
to narrow-neck bottles, each containing 50 mL solution.
Darkly brown-colored bottles were used to prevent photooxidation. Initial concentrations of phenol and PCF were
varied between 5-100 mg/L. The pH was adjusted to 5-6
using diluted HCl or NaOH solutions. The bottles were
shaken in a temperature-controlled bath. At the end of the
equilibration period, the contents of the bottles were filtered (0.2 µm microfilter) and the supernatant was subsequently analyzed for the concentrations of remaining phenol and PCF. To determine the best contact time, phenol
and PCF solutions were treated with adsorbents for 5 different periods, namely 2, 15, 30, 60 and 180 min. These
contact times were also used in the investigation of the
other variables.

tact times for phenol were 30 min on A2 and 15 min on
A3. Maximum phenol removal on A1 was attained after
about 3 h of stirring, which was adopted as contact time
for A1. Suitable contact times for the adsorption of PCF
on A1, A2, and A3 have been determined to be 15 min,
30 min and 15 min, respectively. From these results, it is
apparent that both phenol and PCF were adsorbed much
faster on A3 than on the other adsorbents.
The dependence of adsorption percentage on the initial
concentrations of phenol and PCF are shown in Figures 1
and 2. The initial concentrations of phenol and PCF in the
aqueous phase were varied between 5 and 100 ppm.
120

% Adsorption
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FIGURE 1 - Percentage of PCF adsorbed on A1-A3, depending
on different initial concentrations (contact times: A1 = ∼3 h, A2
= 30 min, A3 = 15 min; adsorbent dosage: 0.1g).

The final equilibrium concentrations were determined
spectrophotometrically using an UV-VIS spectrophotometer (Shimadzu UV-1601). The adsorbed quantities were
determined from initial and final concentration of the adsorbate in the liquid phases. All experiments were run in
triplicate to check reproducibility. Appropriate wavelengths
were selected to be 269 nm for phenol and 280 nm for PCF
determination.

100

A2

A3

A1

% Adsorption

80

The adsorbed quantities were then calculated by applying the following equations [3, 16]:

60
40
20

(1)
0

and
qe = [(C0-C ) V] /m

60

0

Analyses

% Adsorption = [(C0-C) / C0 ] x 100

90

0

(2)

where C0 is the initial concentration of the adsorbate
(mg/L), C is the equilibrium concentration of adsorbate in
solution (mg/L), qe is the amount of adsorbate (phenol and
PCF) adsorbed per unit weight of adsorbent, m is the mass of
the adsorbent (mg), and V is the volume of the solution (L).
RESULTS AND DISCUSSION
Adsorption Parameters

Suitable contact times of phenol and PCF on three
adsorbents were investigated. The initial concentrations of
phenol and PCF within the aqueous phase were kept constant at 15 ppm and 100 ppm, respectively. Optimum con-

20

40
60
80
100
Initial Concentration (mg/L)

120

FIGURE 2 - Percentage of phenol adsorbed on A1-A3, depending on different initial concentrations (contact times: A1 = ∼3 h,
A2 = 30 min, A3 = 15 min; adsorbent dosage: 0.1g).

The adsorption of phenol on A1, A2 and A3 decreased
from 29%, 77% and 49% to 6%, 64%, and 44%, respectively, when its initial concentrations increased from 5 to
100 ppm (Figs. 1 and 2). On the other hand, the adsorption
of PCF on A1, A2 and A3 decreased from 51%, 100%
and 98% to 26%, 96% and 87%, respectively, when increasing the PCF concentration in the same manner. However, the amount of phenol adsorbed by A1 increased from
0.01 to 0.5 0 mg g-1,from 0.24 to 1.22 mg g-1 for A2, and
0.15 to 0.96 mg g-1 for A3, when phenol concentration was
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increased from 5 to 30 mg/L. Adsorption capacities increased from 0.13 to 1.54 mg g-1 (A1), 0.29 to 5.75 mg g-1
(A2) and 0.29 to 5.24 mg g-1 (A3) with PCF levels increasing from 5 to 300 mg/L (Table 1). From these results

it is obvious that increasing the initial concentrations of the
adsorbates results in concurrent decreases of their adsorption percentages, although adsorbed amounts increase for
all three adsorbents.

TABLE 1 - Amounts and percentages of phenols adsorbed.
Concentration
of phenol (mg/L)
5
15
30
Concentration
of PCF (mg/L)
5
50
100

A1

A2

A3

mg g-1
0.01
0.22
0.50

%
29
25
28

mg g-1
0.24
0.63
1.22

%
77
70
68

mg g-1
0.15
0.39
0.96

%
49
50
53.4

0.13
1.21
1.54

51
40
26

0.29
2.99
5.75

100
100
96

0.29
2.59
5.24

98
87
87

Both effects can be attributed to the saturation of the
sorption sites on the adsorbents. On the other hand, adsorption percentages of PCF on all three adsorbents are higher
than those of phenol. This is because solubility of phenol
in water is higher, and therefore, its interaction with the
adsorbents` surfaces is weaker, resulting in lower adsorption efficiency [17, 18].

where qe is the amount adsorbed on the solid at equilibrium (mg/g), Ce is the equilibrium solute concentration
(mg/L), qm is the adsorption capacity or adsorption maximum (mg/g), and KL is the adsorption intensity or Langmuir coefficient (L/mg). Eq. (3) can be rearranged to the
following linear form:

To investigate the effect of temperature on adsorption
of both phenols, it was adjusted to 22±1 and 50±1 oC. No
significant temperature effects were detected for the adsorption of both, phenol and PCF, on A2 and A3, whereas
a slight increase in the adsorption of both was observed
on A1.

(4)

Ce
C
1
=
+ e
qe K L q m q m

The Freundlich model is based on active sites with
different energy, and can be applied to sorption processes
on heterogeneous surfaces as well as multi-layer sorption
[16, 17]. The Freundlich equation has the general form:
q e = K fC en

Adsorption Isotherms

The Langmuir sorption isotherm has been successfully
used with good agreement for a wide variety of experimental sorption data of a solute from liquid solutions.
Langmuir theory assumes that the sorption occurs at
specific homogeneous sites of the sorbent, that produces a
mono-layer coverage [19, 20]. The Langmuir adsorption
equation has the following form:

qe =

K L q m Ce
1 + K L Ce

(3)

(5)

which can be obtained in the linear form by taking
logarithms
log qe = log Kf + n logCe

(6)

where Kf is an indicator of the adsorption capacity of
the sorbent, n is an indicator of adsorption affinity, and Ce
is the equilibrium liquid concentration of the sorbate.
The values of the Freundlich and Langmuir constants
have been calculated from experimental data and are
given in Table 2.

TABLE 2 - The calculated values of the constants in Freundlich and Langmuir
equations for the adsorption of phenol and PCF on the prepared adsorbents A1-A3.
Adsorbent
A1
A2
A3

Phenol

PCF

n

Kf

KL

0.9318
0.7985

0.0678
0.2010

0.1630
-

qm
(mg/g)
0.3790
-

1156

n

Kf

KL

0.6916
0.5056
-

0.1041
1.2270
-

0.0327
-

qm
(mg/g)
2.234
-
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As can be seen in Table 2, the qm value of A1 is larger
for PCF than for phenol, indicating a higher adsorptive
capacity of A1 for PCF. KL values of A1, on the other hand,
are higher for phenol, indicating a greater adsorption intensity, i.e., a stronger interaction between phenol and A1.
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SIMULTANEOUS PRECONCENTRATION AND DETERMINATION OF COPPER, NICKEL, COBALT AND LEAD IONS CONTENT BY FLAME ATOMIC ABSORPTION SPECTROMETRY
Mehrorang Ghaedi1, Mohammad Reza Fathi2, Farzaneh Marahel1, and Farshid Ahmadi1
1

Chemistry Department, Yasouj University, Yasouj, Iran
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2

SUMMARY

toxic, even at very low concentrations. At the present time,
the most common

A sensitive and simple method for the simultaneous
preconcentration of nutritionally important minerals in real
samples has been reported. The method is based on the
formation of mineral complexes with n-benzoyl-n-phenylhydroxylamine (NBNPHA), supported on sodium dodecyl
sulfate (SDS)-coated alumina. The metals from the complexes are then eluted with 5 mL of 5 M HNO3, and detected by AAS. Minerals, such as Cu, Ni, Pb and Co, could
be analyzed in one run by carrying out their separation and
quantification simultaneously. The low detection limits of
this technique make it to a superior alternative to UV-VIS
analysis, and in several applications, also to ICP-MS method.
The methodology has been successfully applied for metal
determination in some real samples including wastewater,
river water, spring water, tap water, vegetables and cow
liver.

KEYWORDS:
Heavy metal, n-benzoyl-n-phenyl-hydroxylamine (NBNPHA),
atomic absorption spectrometry, surfactant-coated alumina.

INTRODUCTION
In fact, heavy metals tend to concentrate in all aquatic
environmental matrices, suspended matter, sediments and
biota, thus resulting in the aquatic food chain, which is
dangerous for humans consuming marine products. The
total trace element levels have become of prime importance to aid both the clinical diagnosis and treatment
of a wide variety of diseases and the life science researcher in the investigation of the role of trace elements in health
and disease. Important positive and negative roles of trace
heavy metal ions in human health are well-known [1].
When considering biological research, the role of some
trace and ultra- trace elements in the body is very rich and
varied. Some of them are essential to life, while others are

methods for mineral analyses are atomic absorption spectroscopy (AAS), spectrophotometry, or inductively coupled
plasma mass spectroscopy (ICP-MS). ICP-based techniques
require expensive instrumentation and maintenance. However, the simultaneous determination of these ions by the
use of the traditional UV-VIS absorption molecular spectroscopy as yet another possibility is difficult, due to the
fact that absorption region and the superimposed curves
are not suitable for quantitative evaluation, and in most of
the complex samples spectral overlap is often a serious
problem. So the atomic absorption spectrometry that had
only slight spectral interference was used in this study. The
AAS technique, which offers a fast multi-elemental analysis, suffers from a poor sensitivity in the determination of
heavy metals in environmental samples, such as natural
water and other real samples. This drawback can be overcome by a combination of a suitable preconcentration technique with subsequent AAS determination.
Methods widely used for preconcentration are based
on liquid-liquid extraction [2], ion exchange and chelating
resins [3-6]. However, the use of classical extraction methods is usually time-consuming, labor-intensive and requires
relatively large volumes of high purity solvents. Additional
concern is the disposal of the solvent used, which can create a severe environmental problem. Thus, much interest
has been recently focused in replacing conventional solvent
extraction by solid phase extraction (SPE) techniques to
isolate environmental pollutants SPE techniques are capable of highly selective removal of trace amounts of metal
ions from solutions containing matrices, which normally
make separation difficult, with minimal usage of organic
solvents. Further outstanding advantages of SPE are high
efficiency, simplicity, rapidity, low consumption of material (especially toxic organic solvents), freedom from contamination, and the possibility of combination with ICPAES as well as AAS widely [7-26].
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Use of various types of sorbents for separation and/or
preconcentration of metal ions has been gaining popularity
because of its high concentrating ability and simple operation. Among the various solid phases, those obtained by
immobilization of chelating agents on support viz. alumina
and silica gel have gained much attention with high repeatability and large life times.
The molecules of anionic surfactants can effectively be
sorbed on the positively charged surface, such as alumina,
due to formation of self-aggregates called “hemi-micelles”
or “ad-micelles” on solid surface. The hydrocarbon cores of
these micelles have the unique ability for solubilizing hydrophobic compounds that are sparsely soluble in water [27].
In this report, a pre-concentration method of trace elements, Co, Ni, Cu, and Pb, on SDS-coated alumina modified with NBNPHA is described. The effluents were further
analyzed by AAS for evaluating their metals content.

SCHEME - Incorporation of trace elements on
ad- micelles formed on surfactant-coated alumina.
Preparation of NBNPHA-coated alumina

A volume of 10 ml SDS-NBNPHA solution was added
to 40 ml water containing 0.4 g alumina particles. While
shaking the suspension with a stirrer, the pH was adjusted
to 2 with 2 mol L-1 hydrochloric acid to form NBNPHAimpregnated ad-micelles on alumina particles. After mixing
for 15 min, the supernatant was discarded and the remaining material was packed into a column. The column was
purified with 5 ml of 5 M HNO3, then neutralized with
0.01 M aqueous ammonia, and kept in a refrigerator to be
stable at least for one week. The concentration of SDS (8 x
10-3 mol L-1) was fixed below the critical micellization concentration (CMC); of SDS.
Pretreatment of real samples
Vegetables

MATERIALS AND METHODS
Acids, bases, γ-Al2O3 (mesh size 10-50), and nitrates of
lead, cadmium, mercury, cobalt, nickel, copper, zinc, magnesium, calcium, barium, sodium and potassium (Merck) were
of the highest purity available and used without further purification. Doubly distilled deionized water was used throughout. NBNPHA was also purchased from Merck Company.
Buffer solutions (0.05 mol L-1, pH 6.0) were prepared by
adding an appropriate amount of diluted nitric acid or sodium hydroxide to phosphate solutions.
Instruments

Ion contents were determined by means of a Perkins–
Elmer 603 atomic absorption spectrometer, equipped with a
hallow cathode lamp and a deuterium background corrector, using an air-acetylene flame at respective wavelengths
(resonance line). A Metrohm 691 pH/ion-meter with a combined glass-calomel electrode was used for adjustment of
test solution pHs.

All vegetable samples were purchased from Ghachsaran, Iran, and taken small mesh-sized for analysis. A 40 g
vegetable portion was heated for 3 h in a silica crucible on
a hot plate, and the charred material was transferred to a
furnace for overnight-heating at 650 °C. The residue was
cooled, treated with 10 mL concentrated nitric acid and
3 mL 30% H2O2, and again furnace-heated for 2 h to eliminate all organic traces. The final residue was treated with
3 mL conc. HCl and 2-4 mL 70% perchloric acid, and evaporated to fumes, so that all the metals change to respective
ions. The solid residue was dissolved in water, filtered, and
made up to 250 mL by keeping the pH at 6.0. This stock
solution was suitably diluted and metal concentrations were
determined by AAS after preconcentration.
Determination of metal ions in water samples

Water samples were collected from spring water
Cheshme Gol Yasouj, Beshar river Yasouj, whereas tap
water and wastewater were sampled from Ghachsaran, Iran.
Before analysis, the samples were filtered through a cellulose membrane filter (Millipore; pore size 0.45 mm). The
organics of the water samples were oxidized in the presence
of 1% H2O2 and conc. nitric acid. The samples were paperfiltered, acidified to 1% with conc. nitric acid, and stored in
polyethylene bottles. For preconcentration, 800 mL-water
samples were heated until 250 mL. After then, pH was
adjusted to 6, and the sample passed through the column
(flow rate of 4 ml min-1). The metal chelates retained on
SDS-coated alumina were eluted with 5 mL of 5 M HNO3.
Finally, the effluents were analyzed by FAAS.
Digestion of the Liver Sample

A 50 g liver aliquot was oven-dried for 48 h at 120 ° C
until constant weight (about 68 % water), transferred into a
glass flask, digested with a conc. acid mixture (3 mL H2SO4,
15 mL HClO4, 15 mL HNO3) and left to stand overnight.
Then the solution was kept in an oil-bath at 50 °C until
foaming stopped, and, finally, kept heated to 150 °C until
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the brown fumes of nitrogen oxides ceased. When the mixture appeared to be dark-brown, the flask was cooled for
about 2 min to add 5 mL nitric acid. Heating was continued until white fumes of perchloric acid in indicate complete digestion [28].
Preconcentration

The pH of standard water solutions containing 0.02–
2.00 ppm of all ions was adjusted to 6.0 by adding 10 ml
phosphate buffer solution. The samples were passed through
the NBNPHA-coated alumina column at a flow-rate of 4 mL
min-1, to effect the deposition of analytes. The adsorbed
ions were then eluted with 5 mL 5M nitric acid (flow-rate
1 mL min-1).

FIGURE 1 - Effect of pH on recovery of metal ions (sample, 250 ml
of 0.2 ppm solution of each ion at various pHs, flow rate 4 mL min-1;
solid phase, 0.4 g alumina, 150 mg SDS, 10 mg of NBNPHA; eluting
solution, 5 ml 5 M HNO3).

The nature and concentration of eluting agents were
found to be a significant factor in the desorption of ions
from the column. The choice of the eluent was more or less
difficult because of the limitation of AAS to tolerate organic solvents. In addition, the eluent should not destroy the
SDS-coated alumina. Some preliminary experiments were
carried out in order to choose a proper eluent. The ions
were stripped with varying volumes of various concentrations of different acids (Table 1), and 5 ml of 5 M nitric
acid provided quantitative ion elution from the solid phase,
while the other acids were ineffective.
TABLE 1 - Effect of type and concentration of eluting agents
on Cu(II) recovery (experimental conditions see Fig. 2).

RESULTS AND DISCUSSION

Eluent (mol L-1)

Hydrophobic chelating agents could easily be introduced
into the micelles for separation and pre-concentration of
trace elements. For obtaining maximum signals for evaluation of ion contents, the effective parameters, such as pH of
sample, amount of ligand and solid phase, type and concentration of eluting agent, and flow rate on SDS-coated alumina modified with NBNPHA must be optimized.

5 HCl
5 HNO3
5 H2SO4
5 CH3COOH
3 HNO3
4 HNO3
6 HNO3
3 ml 5 HNO3
5 ml 5 HNO3
10 ml 5 HNO3

Optimization of Variables

The effect of pH on the preconcentration of metals was
studied by determination of the individual elements, preconcentrating 50 µg (250 mL of 0.2 ppm solutions) in the
pH range of 2.0-8.0 on SDS-coated alumina loaded with
15 mg of NBNPHA and eluting them with 5 mL of 5 M
HNO3. The data corresponding to each element are shown
in Fig. 1. The ions could be retained quantitatively at pH
6.0, selected for further experiments. The decrease in signals at pHs > 6.0 is probably due to the precipitation of ions
as their related hydroxides, and at pHs <6 to hydronium
ions competition in complexation with NBNPHA.
120

100

Co 2+
65.2
98.7
50.5
44.4
11.0
23.5
99.1
63.2
99.5
96.7

Recovery %
Ni2+
Pb 2+
50.3
99.1
99.8
98.8
34.9
41.7
23.2
31.5
36.1
29.7
56.4
62.3
99.9
98.9
64.9
61.9
99.9
98.9
98.2
99.4

Cu 2+
76.1
100.2
40.7
56.8
27.4
58.9
99.9
68.5
99.9
98.7

Varying ligand amounts (0-50 mg) were tested with
constant amounts of alumina and SDS, and results of enrichment experiments (250 ml 0.2 ppm-solution of all ions)
show (Fig. 2) that up to 10 mg ligand an increase in metal
ion recoveries can be achieved, but further increase does
not remarkably change efficiency. Hence, the subsequent
extraction experiments were carried out with 10 mg of
ligand. Various amounts of solid phase have been used for
ions` pre-concentration. Results display that up to 1.0 g of
solid phase extraction percentage increased, and further
addition has not significant effects on recoveries. The optimum conditions for metal ion evaluations are listed in
Table 2.

100

95
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Cu
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Recovery %

Recovery %
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FIGURE 2 - Effect of amount of NBNPHA on recovery of metal ions
(sample, 250 ml of 0.2 ppm solutions of each ion at pH 6, flow rate
4 ml min-1; solid phase, 0.4 g alumina, 150 mg SDS, different amounts
of NBNPHA; eluting solution, 5 ml 5 M HNO3).
TABLE 2 - Optimum parameter values of the proposed method.
Parameter
pH
Amount of NBNPHA (mg)
Amount of SDS (mg)
Amount of alumina (g)
Amount of Solid Phase (g)
Eluting agent
Flow Rate (mL min-1)
Volume of Sample 0.2 ppm (mL)

Optimum Value
6.0
10
150
0.4
1.0
5 mol L-1HNO3
4
250

ions in samples with ca complex matrix, the influences of
some alkaline and alkaline earth ions on the recoveries of
the studied ions were investigated. The results are given
in Table 4. The tolerance limit is defined as the ion concentration causing a relative error smaller than ± 5% related to the preconcentration and determination of the analytes. Metal ions were quantitatively recovered at presence
of large amounts of alkaline and earth alkaline ions and
some other anions. The matrix ion content in the eluent was
found to be significantly lower and suitable for AAS determinations. The concentrations of the investigated matrix
ions in baking soda were within the tolerable limits.
TABLE 4 - Effects of different matrix ions on the recoveries of
the examined metal ions (N=3; optimum conditions, see Table 2;
various amounts of interfering agents).

Method performance

By passing 250 mL of 0.02-2.00 ppm solutions of all
ions examined at optimum conditions according to Table 2
and subsequent AAS analysis, the calibration curves were
obtained. The characteristics of method performance (Table 3) show good linear range, low detection limits, high
reproducibility and repeatability, and low relative standard
deviation for all elements. The break-through volume of
sample solution was tested by dissolving 20 µg of these ions
in 100, 250, 500, 1000 and 1500 ml water. In all cases, the
extraction from modified SDS-coated alumina was found
to be quantitative, thus the break-through volume should
be greater than 1500 ml. An enrichment factor of 300 can
be achieved. The limit of detection (LOD) of the proposed
method was studied under optimal experimental conditions,
and detection limits of each element were expressed as the
amount of analyte in ng mL-1, giving a signal to noise ratio
of 3. The LODs obtained from C = Kb Sb m-1 [29] for a
numerical factor of K b = 3 for Cu2+, Ni2+, Co2+ and Pb2+
ions were 0.9, 1.2, 1.6, 2.2 ppb, respectively.
TABLE 3 - Specification of the method at optimum conditions
(Table 2) for each element.
Parameters
Linear Range (ppm)
Detection Limit
(ppb)
Loading Capacity
(mg g-1)
RSD (%)
Recovery (%)

Co
0.03-1.5

Ni
0.03-1.6

Pb
0.05-1.3

Cu
0.03-1.2

1.6

1.2

2.2

0.9

0.45

0.52

0.46

0.50

2.1
98.7

2.0
98.6

1.8
98.5

2.2
98.8

Ion

NaCl
KCl
CaCl2
NaCl
(NH4)2SO4
MgCl2
NaHCO3
Na3PO4

Tolerance limit of
ions (mg L-1)
500
500
250
1000
1000
500
1000
1000

Nitrate salts

250

Added as

+

Na
K+
Ca2+
ClSO4 2Mg2+
HCO3 PO43Zn2+, Cd2+, Hg2+, Ag+,
Al3+, Cr3+,Ba2+

Accuracy and applications

In order to study the applicability of the method to real samples, with different matrices containing varying
amounts of diverse ions, it was applied to different matrices, such as liver, vegetables and natural water samples
(spring, river, tap and wastewater). Spiking experiments
and independent analysis using standard addition method
were carried out to check reliabilities. The percentages of
recoveries and relative standard deviations for each element in spiked vegetable, liver and water samples are given
in Tables 5-8. As can be seen, the results of triplicate sample analyses show that the ions` recoveries are almost quantitative with a low RSD. The recovery of spiked samples
was satisfactory reasonable and confirmed by the standard
addition method, which indicates the capability of the
above system in the determination of trace amounts of
these metal ions in different samples.

Analytical preconcentration/separation procedures for
trace elements in high-salt samples can be strongly affected by the matrix constituents of the sample. Before
application of pre-concentration for the determination of

TABLE 5 - Recovery studies of trace metal ions in liver and vegetable samples (experimental conditions see Table 2).
Element a
Co
Ni
Cu

Added
0
75
0
75
0

Vegetable
Founded
RSD %
56.8
1.6
132.6
0.9
57.6
1.7
133.7
1.0
62.1
1.5

Recovery %
---101.1
--101.5
---
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Added
0
5
0
5
0

Liver b
Founded
RSD %
1.50
1.5
6.71
1.0
1.61
1.7
6.65
1.1
7.65
0.9

Recovery %
--104
--100.8
---
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138.4
0.8
48.1
1.5
123.0
1.1
c) N.D. = Not detected

101.7
--99.9

5
0
50

12.71
0.66
5.73

0.6
1.4
1.0

101.2
--102.6

TABLE 6 - Recovery of trace elements from spiked tap water sample after preconcentration on SDS-coated alumina modified with NBNPHA
(250 ml of different samples at pH 6, flow rate 4 ml min-1; solid phase 0.4 g alumina, 150 mg SDS, 10 mg NBNPHA; eluting solution, 5 ml 5 M HNO3).
Element a

Amount of each ion added (90 µg L-1)
Found (ppb)
Recovery (%)
RSD (%)
Cu
90.8
100.9
1.3
Pb
89.7
99.7
1.5
Ni
91.0
101.1
1.1
Co
88.9
98.8
1.6
a) for 3 measurements; RSD = relative standard deviation

Amount of each ion added (800 µg L-1)
Found (ppb)
Recovery (%)
RSD (%)
806.9
100.9
1.1
803.9
100.5
1.2
805.7
100.7
1.3
804.1
100.5
1.3

TABLE 7 - Recovery of trace elements from spiked spring water sample after preconcentration on SDS-coated alumina modified with NBNPHA (further details in Table 6).
Element a

Added
0
Co
50
100
0
Ni
50
100
0
Cu
50
100
0
Pb
50
100
a) µg L-1; b) µg; c) B. D. = below linear range

Spring Water b
Found
RSD (%)
B. L.c
--65.8
1.7
166.6
0.9
B. L.c
--71.2
1.5
172.0
1.0
B. L.c
--88.5
1.2
139.7
0.9
B. L.c
2.0
72.7
1.3
125.6
0.8

Recovery (%)
----97.8
----99.4
----102.1
----101.7

TABLE 8 - Recovery of trace elements from spiked waste and river waters samples after pre-concentration on SDS-coated alumina modified
with NBNPHA (eluting solution, 5 ml 3 mol L-1 HNO3; other parameters, see Table 6).
Waste Water b
Added
Founded
RSD %
Recovery %
0
67.9
1.4
--Co
50
119.4
1.0
103.0
0
63.8
1.5
--Ni
50
114.3
1.0
101
0
58.7
1.6
--Cu
50
109.2
0.9
101
0
59.7
1.3
--Pb
50
110.8
1.1
102.2
a) all ppb values are from 3 measurement; b) wastewater c) river water
Element a

CONCLUSIONS

Added
0
50
0
50
0
50
0
50

River Water c
Founded
RSD %
46.8
1.5
97.6
1.3
43.9
1.6
94.2
1.2
48.3
1.4
99.6
1.1
39.6
1.6
90.4
1.3

Recovery %
--101.6
--100.6
--102.6
--101.6
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SUMMARY

tolia in Turkey, especially at stream sides, parks, gardens
and waysides.

This report describes the determination of the toxicity of Nerium oleander leaf-water extract on Drosophila
melanogaster. The different concentrations of both boiled
(bNoE) and unboiled (NoE) N. oleander extracts delayed
stages of metamorphosis and caused a significant reduction in the total number of offsprings (P <0.001). Different
morphogenic abnormalities in F1 individuals treated with
NoE/bNoE were also observed. According to the results
within the experimental groups, NoE is more toxic than
bNoE. The possible mechanisms of all findings have been
discussed.

KEY WORDS:
Nerium oleander, Drosophila melanogaster, toxicity.

INTRODUCTION
The oleander plants are evergreen flowering shrubs that
belong to the Dogbone family, Apocynaceae. The oleander
is an attractive and hardy shrub that thrives in tropical and
subtropical regions [1]. There are two common varieties,
namely, Nerium oleander L., pink oleander, and Thevetia
peruviana Juss., yellow oleander. They grow ferally and
within landscaped plots, and all parts of the oleander plants
are widely cultivated as ornamental shrubs or hedges. They
are very common in the parts of western and southern Ana-

Both leaves and flowers of oleander plants are poisonous to man, animals and insects [2]. Ingestion, inhalation
or contact of mucus membranes with oleander or oleander
extracts can cause many adverse effects. In 1988, the American Association of Poison Control Centers pointed out that

oleander poisonings affected 633 people [3]. Similarly, serious acute poisonings caused by Nerium oleander have been
reported in Switzerland [4], Tunisia [5] and Sri Lanka [6].
The effects of poisonings like irritation of contacted
membrans, buccal erythema, nausea, vomiting, increased
salivation, abdominal pain, diarrhea, and cardiovascular
symptoms have also been observed by the other researchers
as a result of oleander ingestion [7, 8]. Nerium poisonings
of animals have been noticed too. For instance, single oral
doses of 1 or 0.25 g of dried N. oleander leaves/kg body
weight caused restlessness, dyspnea incoordination of
movements, limb paresis and death 4- 24 hrs after dosing
in sheep [9]. Also, feeding a mixture with 10% N. oleander leaves caused dullness, ruffled hair, decreased body
weight and death of rats [10]. Besides, fresh leaves of N.
oleander were found to produce reduction in locomotor
activity in mice [11]. According to Jeong et al. [12], continous feeding of oleander sap (Nerium indicum) during the
larval period significantly affected fertility in males of
Helicoverpa assulta. Nerium indicum is an important
source of a botanical molluscicide for Lymnaea acuminata snails [13].
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In addition to these above animal models, Consoli et
al. [14] examined oleander toxicity in Aedes fluviatilis
(Lutz) (Diptera: Culucidae). This organism was found to be
very sensitive to the extract of oleander leaves. The same
authors have also reported that the extract pink oleanders
(N. oleander L.) decreased the adult survival rate at highest
levels (≈ 2-fold) in Muscina stabulans (Diptera: Muscidae)
[15]. Similar insecticidal effects of Nerium oleander L. have
also been observed on Lespesia aletiae (Diptera: Tachinidae) by Cardoza et al. [16]. Mogahed and Abbas [17]
demonstrated that oleander extract caused 100% mortality
in the black cutworm, Agrotis ipsilon.

SDM were used as controls. The developmental stages were
followed daily [18].
Statistical Analysis

Each experiment was repeated at least three times.
Analysis of variance was conducted using one-way ANOVA
test and SPSS 12.0 for Microsoft Windows, and means were
compared by Duncan multiple range test at the 0.001 level
of confidence. For sex-ratio difference the chi-square test
was applied.
RESULTS AND DISCUSSION

The aim of this study was to investigate whether Nerium
leaves have a toxic effect on the development of D. melanogaster, or not.
MATERIAL AND METHODS
Collection and preparation of
water extract of N. oleander leaves

Nerium oleander leaves were collected from a
common oleander tree, approximately 150 cm tall, and
stored at -20 °C until experiments were carried out. 12
medium-size leaves (15 g) of Nerium oleander L. have
been taken and homogenized for 10 min in 100 mL distilled water using a warring blender. Fifty percent of the
obtained extract was boiled for 1 hr (bNoE), and the other
half was left unboiled (NoE). Both extracts were filtered
through a filter paper (Whatman no. 1) and kept in a
refrigerator at -20 oC.
Organism

The original parental stocks of Drosophila melanogaster
Meigen (Diptera: Drosophilidae) were an Oregon wild type
(w.t.), which has been adapted to laboratory conditions by
intermating it for a long time. This stock has a red eye color,
normal length wings, normal thoracic bristles and hair, and
does not obtain any mutant genes.
Flies were grown and aged in culture bottles, containing Standard cornmeal-agar medium (Standard Drosophila
Medium = SDM) at 25±1 oC and 40- 60% relative humidity.
Administration of Oleander extract
to flies and experimental groupings

Five different concentrations of both homogenate
bNoE and NoE (2.0; 4.0; 6.0; 8.0; 10 mg/mL) were added to
100 mL of SDM, and kept at room temperature for 24 hours
to diffuse the extracts to the medium. Flies with the same
age were used for experiments, and 7 male and 7 female
individuals were mated. All of the females used in the experiments were virgins. The culture vials containing only

In this research, the effects of N. oleander extracts on
the development of D. melanogaster were investigated. The
parents have been fed in media containing bNoE and NoE
at different concentrations (2-10 mg/100 mL). The eggs of
F1 belonging to these parents have completed their metamorphosis in SDM + bNoE/NoE, and it was found that
both bNoE and NoE have delayed metamorphosis. This
situation is clearly shown in Table 1.
The first offspring belonging to F1 (control group) was
seen on the 9th day. These offsprings were also formed
between 10th-13th days with applications of bNoE, due to
the concentration. On the other hand, in NoE application
these stages are quite long, according to both control and
bNoE (11-15 days). Similar results have been observed at
different organisms by previous researchers. 50 µL undiluted extract of N. indicum, delayed the pupal development
for 10 days in H. assulta [12]. Nerium oleander L. in
Lespesia aletiae (Diptera: Tachinidae) and Muscina stabulans (Diptera: Muscidae) also prolong metamorphosis [15,
16]. Similar effects were also reported on Meloidogyne sp.
[19]. On the other hand, the larvicidal properties of Nerium
oleander extract were tested against Culex quinquefasciatus, Anopheles stephensi and Aedes fluviatilis larvae, and
enhancement of larval mortality has been observed [14,
20]. Pushpalatha and Muthukrishnan [20] described that
leaf extracts extended the duration of the various larval
instars and pupation.
Additionally, we have found out that the number of offsprings decreased with regard to the increase of the dosages
of bNoE and NoE. The total number of offsprings was 3105
in control experiments, but decreased from 2790 to 1566.
with bNoE application. The difference between the experimental and control results is significant (P <0.001). NoE
also decreased the total number of offsprings with respect to
control and bNoE (P <0.001) (Table 2). Within the experimental groups, NoE is more toxic than bNoE (Fig. 1).

TABLE 1 - Changes in metamorphosis of D. melanogaster fed with diets containing boiled and unboiled NoE.

Stages of metamorphosis

Control

Days of experiment for control and application groups (mg/mL)
2.0
4.0
6.0
8.0
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b
ub
b
ub
b
ub
b
ub
b
Mating
1
1
1
1
1
1
1
1
1
1
Egg
2
2
2
2
2
2
2
2
2
2
1st instar larvae
3
3
3
3
4
3
4
3
4
3
2nd instar larvae
4
4
5
4
5
5
7
6
7
6
3rd instar larvae
5
5
7
6
7
7
8
7
8
8
Prepupae
6
7
8
8
9
8
10
9
10
9
Pupae
7
8
9
9
10
9
11
10
12
11
Adults
9
10
11
11
12
11
13
12
14
13
b: boiled, ub: unboiled
TABLE 2 - The total number of offsprings in D. melanogaster fed with diets containing bNoE and NoE.

ub
1
2
4
8
10
11
13
15

Extract of Nerium oleander (unboiled)
Concentration (mg/mL)
Control
2
4
6
8
10

∑
2043a
1809b
1764b
1422c
1260d
1098e

Males (%)
1008 (0.49)
900 (0.50)
874 (0.50)
720 (0.51)
657 (0.52)
567 (0.52)

Females (%)
1035(0.51)*
909 (0.50)*
890 (0.50)*
702 (0.49)*
603 (0.48)*
531 (0.48)*

Abnormal individuals (%)
0
0.000
10
0.553
13
0.737
13
0.914
18
1.428
21
1.913

Extract of Nerium oleander (boiled)
Concentration (mg/mL)
∑
Males (%)
Females (%)
Abnormal individuals (%)
Control
3105a
1530 (0.49)
1575(0.51)*
3
0.097
2
2790b
1386 (0.50)
1404(0.50)*
6
0.215
4
2826b
1431 (0.51)
1395(0.49)*
8
0.283
6
2511c
1251 (0.50)
1260(0.50)*
10
0.398
8
2313d
1143 (0.49)
1170(0.51)*
10
0.432
10
1566e
756 (0.48)
810 (0.52) *
14
0.894
Differences between the means with the same superscripts in the same line are not significant (P >0.001) according to Duncan’s multiple range test; *
2
X test (P >0.05)

The sex-ratio difference between the control and experimental groups were not statistically significant (P >
0.05) (Table 2). Similarly, in previous studies, oleander was
found to be toxic to different organisms. For example, all
parts of the oleander plants are poisonous to man, animals
and certain insects. The ingestion of sap or honey produced
from oleanders has resulted in poisonings of humans and
animals [1]. According to Jeong et al. [12], continuous feeding of oleander sap during the larval period affects significantly the fertility in oriental tobacco budworm, Helicoverpa
assulta. This effect was also induced by direct injection of
oleander sap into the hemocoel of 2 days-old pupae. The
flower extract of Thevetia neriifolia has shown to induce

sterility in male red cotton bug, Dysdercus similis (Pyrrhocoridae: Heteroptera), accompanied by anatomical
defects, including incomplete testis follicles, thinner vasa
deferentia, and smaller accessory glands [21]. These malformations on male sexual development were also observed
in H. assulta [22]. Additionally, suppressing the hatching
of Muscina stabulans and reducing the subsequent survival rate of larvae were reported by El-Shazly et al. [15].
In our experiments, both parents and the larvae belonging to
F1 spend their metamorphosis in NoE/bNoE + SDM. It is
strongly possible that NoE induces sterility in the parents, probably causing the decrease of total F1 individuals.

Total number of F1 individuals

3500

boiled
unboiled

3000
2500
2000
1500
1000
500
0
C

2

1167
4

6

Concentration (mg/100 ml)

8

10
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FIGURE 1 - The comparison of the toxic effects of bNoE and NoE on the
total number of D. Melanogaster offsprings (an error bar means ± S.D.).

Feeding the extract of N. oleander L. leaves caused
more serious effects and the death of rats, nadji sheep and
Homalodisca coagulata (Homoptera: Cicadellidae) [9, 10,
23]. Similar results were observed for gastropods [24]. Rapid
death was possibly attributable to respiratory and cardiovascular failure [9]. During this time, no adult or child mortalities, attributable to oleander ingestion, were reported [1].
But, ingestion of a single leaf has been considered to be
potentially lethal in children [25]. Previous researches have
shown that the usage of Nerium indicum extract against
Tribolium castaneum (Coleoptera: Tenebrioidae) and
Lymnaea acuminata snails increased mortality [13, 26].
Oleanders also caused 100% mortality in Homalodisca
coagulata within 4 hrs of exposure [23]. Cardosa et al. [16]
reported that the larvae and pupa of Lespesia aletiae (Diptera: Tachinidae) died after being exposed to N. oleander
extract. Cardiac glycosides (heard poison) have been found
in Nerium leaves causing toxicity [27, 28]. These glycosides,
adigoside, nerigoside, strospeside and oleandrin [29], were
also found in two Lygaeid bugs, Caenocoris nerii and
Spilostethus pandurus, when fed with N. oleander. But
there are also uncharacterizable compounds in extracts of
oleander leaves [30]. These toxic actions of cardiac glycosides are attributed to their binding at sodium, potassiumsensitive membrane-bound enzymes (Na+, K+ adenosine triphosphatase [ATPase] enzyme system) [1]. Oleander
cardenolides (a steroid nucleus with an attached lactone
group) bind with an extracellular portion of Na+ and K+
ATPases, inhibiting the activity of these enzymes, and
resulting in increased intercellular Ca2+ levels. Elevated
levels of Ca2+ cause positiv inotropic effects. Similar
mechanisms may be the reason of induction sterility and
D. melanogaster mortality, also initiating the decrease of
offsprings.
Different teratogenic abnormalities in F1 individuals
treated with NoE/ bNoE were also observed. These are wing
(Fig. 2 a-b) and thorax abnormalities (Fig. 2c) accompanied
with decrease in body size. Phenotypic abnormalities caused
by the leaf extracts showed a clear significant positive correlation between dose and abnormalities (for NoE 0.5531.913 %, for bNoE 0.215-0.894%). The abnormalities associated with oleander ingestion have also been seen at different experimental animal models. For example, N. oleander leaves caused dullness, a decrease in body weight in
rats, and a depressant in central nervous system (CNS) in
mice [10, 31]. After 96 hrs of Nerium indicum leaf extracts`
exposure, a decrease in Channa punctatus body weight was

observed too [32]. The main behavioral signs of N. oleander poisonings were uneasiness, dyspnaea, anorexia, sommolesce, tremor and recumbency etc. in Najdi sheep for
about 30 min [9]. The same plant caused neurologic, cardiac, and gastrointestinal symptoms in Guinea pigs [27], and
morphogenic abnormalities at different body parts of Muscina stabulans [15]. Apart from this, the extract of Thevetia
nerifolia (yellow oleander) has made anatomical defects in
the reproductive system (thinner vasa deferentia and smaller
accessory glands, etc.) of Dysdercus similis (Pyrrhocoridae:
Heteroptera) [33].
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FIGURE 2 - Phenotypic abnormalities caused by bNoE/NoE
(a. unformed left wing, b. multiple abnormalities, c. unclosed
right wing; magnification x31.25).
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In conclusion, bNoE/ NoE in D. melanogaster were
the main reasons for phenotypic abnormalities. It is wellknown that all the observed teratogenic effects are to be
derived from a disruption of an early fundamental process
in the normal genetic program that guides development.
We assume that this situation may be associated with developmental genes and homeotic genes [34]. Duplication,
inversion and deletion of these genes may induce the phenotypic abnormalities. Genetic principles of phenotypic
abnormalities can be explained with chromosomal studies.

The authors are grateful for valuable advice given by
Ö. F. Algur reviewing this manuscript. We also thank M.B.
Uysal for his revision of the original manuscript.
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SUMMARY
Water is the most vital necessity for mankind.
Groundwater constitutes a major portion of the earth water
circulatory system, known as hydrologic cycle. It occurs in
permeable geologic formations as aquifer. The early stages
of land or aquifer development are an opportune time to
establish a combined water-level and water-quality monitoring network that can define baseline conditions, and track
important changes with time in the quantity and quality of
the resource. In recent years, much progress has been made
in the application of Geographical Information Systems
(GIS) to ground water [1-4]. The advent of GIS has added
new vistas in the field of ground water resources mapping
and management. It helps integrating GIS supported data
and ancillary data to have more precise and correct information about various factors involved in ground water resource management. Examples are provided for the region of
Konya, where rapid changes in land development have a
potential to affect ground-water resources.
In this study, the regional ground water information
system (RGWIS) and 3.5D temporal models were used to
illustrate the regional distribution of some attributes of
ground water in Konya, to analyze them and to form a
decision support platform for decision makers, natural
resource managers, and even real users. Under this concept, delineated 3.5D temporal models were established to
show yearly and seasonal changes in the ground water
level, conductivity, turbidity, ammonia and nitrate distributions in the region.

KEYWORDS:
3.5 D models, GIS, Groundwater information system.

INTRODUCTION
Societies require up-to-date, rapidly producible, reliable and correct information. This information must also be
managed well to meet the society’s desires. To achieve this,

it is extremely necessary to set up an information system
relevant to each requirement. But users and managers of
information systems must be aware of that, because it increases productivity and the productivity increase is the
product of these information systems. So, productivity increase means saving investment capital, but decrease in
operational costs, labor power, time, and etc., always related with assigned jobs that are managed by the help of an
information system. In this way, these systems also become
powerful decision support systems providing an environment to achieve administrative people`s mission, namely,
minimum wastage and maximum productivity. Building up
such information systems is inevitable for both, foundation’s point of view and that of the society.
Sustainability becomes one of the most important phenomena of info-societies, if natural resources are under
consideration. Individuals and legal bodies should no longer
have the chance to consume our natural resources shared
with other citizens, and even with our future generations,
how they wish. This can be achieved by the help and capabilities of information systems. At this point, it must be
cleared what sort of information system we should use to
manage our natural resources in a sustainable and productive way and with minimum wastage. Natural resources are
selected out of a region close to where we live, and then
spatial data take the top priority among other parameters
related to a relevant natural resource. So, there is only one
information system that can handle this situation, it is the
Geographic Information System (GIS). When the resource is water or ground water, it can then be called
Ground Water Information System, and when the area
under consideration is limited to a special region (i.e. Konya), it can be called a Regional Ground Water Information
System (RGWIS).
Groundwater is a quite important resource for regional
activities, such as agriculture and daily life in the city of
Konya, since in this region rainfall and surface water resources are very poor. The wealthy groundwater resources
should be managed properly, and building up a regional
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groundwater information system (RGWIS) is extremely
important for the region.
As previous steps of a RGWIS, the description and
determination of groundwater quality and quantity in the
region were studied, but not the time-dependent variations
because of the lack of temporal data [5]. During this previous study, well locations were obtained using a hand-held
GPS (Global Positioning System) receiver and ground
water’s quality and quantity parameters collected as well
log records at the well sites, and they were transferred into
a digital medium. In this manner, regional distribution of
dynamic and static groundwater levels, and also a regional
distribution of several quality values, such as conductivity, ammonia, nitrate and sulphate, were shown as well
as recorded and digitally archived.
In this study, the changes in the above and other additional parameters of the regional groundwater distribution
during a specified period of time were tried to be elucidated.
MULTI DIMENSIONAL GIS
One important feature of GIS software is representing
the attribute data spatially (distributed over a plane or volumetric area) and timely. When a plane is under consideration, a 2.5D model is formed, and for a volumetric area a
3.5D model, to represent the distribution of attribute data.
This approach is fully dependent on spatial data. Therefore,
many forms of geo-scientific analysis try to collect data sets
which are spatially tri-dimensional. But the dynamic behavior of geo-systems requires time to be considered as a further dimension. Recent developments in the design and
implementation of 3.5D-GIS have been reported in the
fields of oil exploration, oceanology, meteorology, hydrogeology, geological modelling and environmental monitoring [6-11]. Only a few GIS developments deal with the
fourth dimension. Many of these systems generate highquality visualizations of the studied features, but often they
cannot be interactively interrogated. Therefore, there is a
need to develop and improve the specialized GIS functions
that would support the analysis of patterns and trends, and
to add the means of linking GIS analysis with theoretical
and explanatory models [12].
As mentioned above, the dynamics of geographic objects become one of the most prior factors of geographic
researches. In this case, the time factor is taken into consideration with a two-dimensional model, then this model
becomes three-dimensional, and, on the other hand, 3D
models become four-dimensional.
From the mathematical point of view, the consideration of dynamic models is useful when the objects change
continuously with time, i.e. if w = f(x, y, t) or w = f(x, y,
z, t), and then f is a continuous function. At the same
time, if changes in attributes are taken into consideration,
models are now called 3.5D or 4.5D models. For these
kinds of models, the same 3.5D-representation between

two or more dates become available. Thus, each 2.5D
model of w (i.e. distribution model for each attribute) into a
3.5D temporal model is formed for specific dates when
time-dependent changes of attributes are of interest.
Description the region and the second phase study

The project area generally shows a smooth terrain structure, except smooth roughing at some locations. The area is
approximately 20 km by 40 km in east-west and north-south
directions, respectively, between the latitudes of 37o 49’ and
37o 56’ and the longitudes of 32o 23’ and 32o 34’ (Figs. 1
and 2).
A massive work was carried out for a certain district
covering the city of Konya to develop a RGWIS. Under the
above concept, at first, location data of 150 wells distributed almost evenly in the region were captured in the format
of longitude, latitude and height using GPS technique as a
real spatial digitizer for the region from the first step of this
study in 2000 [5]. As mentioned in Corumluoglu and Aydin’s previous paper [5], these data were obtained by a
Magellan hand-held GPS receiver within the accuracy of
2-5 m root mean square (RMS) errors. At the same time,
regional distribution of groundwater dynamic and static
levels and that of several quality values (calcium, chloride,
conductivity, magnesium, nitrate and sulphate) were recorded for each well and archived digitally [5]. This data set
was obtained from the Water Department of Konya’s Municipality in 2000. Quantitative groundwater levels and
quality values mentioned above were again gained from
the same Department for 2001, 2002 and two times in
2003 as further data. The difference of this study from that
in 2003 is that the data sets collected at different dates are
used to represent the changes in quantity and quality of
regional groundwater distribution with respect to time. 3.5D
temporal models of these obtained well parameters are
delineated for groundwater level, conductivity, turbidity,
ammonia and nitrate, and they are shown in Figs. 3 to 7.
RESULTS AND DISCUSSION
The followings can be pointed out by analyzing the
results shown in Figs. 3-7:
a) The level of water table in the region is getting lower
and lower, year by year. This change shows yearly locational and seasonal differences. Knowing this, the
water authority can decide not to use these wells until
they recovered to their previous levels. Then, they can
be allowed to be used again under the control of
RGWIS monitoring. These changes can be observed at
the wells in the area between Meram and KonyaAntalya roads, where gardening facilities are heavily
run by residents (interpretation of the graphs in Figs. 1
and 3). It can also be suggested from the seasonal water
level data for 2003 (Fig. 3) that water-levelling data
should be collected seasonally to see the variations and
to give judicious decisions for water withdraw by taking
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FIGURE 1 - Map of the region and distribution of the wells.
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FIGURE 2 - Topography of the region and distribution of the wells.
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FIGURE 3 - 3.5D model showing the changes in water table with respect to time.
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FIGURE 4 - 3.5D model showing the changes in conductivity distribution with respect to time.

FIGURE 5 - 3.5D model showing the changes in turbidity distribution with respect to time.
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FIGURE 6 - 3.5D model showing the changes in ammonia distribution with respect to time.

FIGURE 7 - 3.5D model showing the changes in nitrate distribution with respect to time.
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into consideration the current conditions at the wells.
These graphs even suggest where to drill new wells offering an operational perspective for entire area.
b) Fig. 3 presents the static groundwater levels and, in general, it can be seen that at the opening season of wells,
the water table level was quite close to the ground surface as expected for the whole region. After the start of
groundwater withdrawing from the wells, the 3.5D
model in Fig. 3 shows that water table level generally
decreased from year to year. Some changes can also be
seen between the seasons (top part of 3.5D- model).
Additionally, it can be seen that the water table is
higher in winter, compared to the levels obtained for
summer and fall seasons.
c) When the entire area is taken into consideration (Fig. 4),
it can be seen that there is not much change in conductivity levels with respect to time and even the seasons,
except the high values found in two wells (one is close
to the centre of the city; and the other one is located at
the north-east site of the city, where industrial facilities are operational in high level).
d) Fig. 5 only shows the values of turbidity for March-April
and October-November periods of 2003. In the first period, turbidity values show a sensible and stable distribution for the entire area, except those with undulating
higher values seen in the north-middle part of the region. In the October-November term, these undulating
values have moved to the locations close to the centre,
but with higher values than those seen in the first term.
e) Fig. 6 shows ammonia distribution in the region for the
first term of 2003. Distribution is quite stable and sensible for the entire region, except one peak seen at the industrial site of the city. For the second term, a slight increase in ammonia can be seen at the northern part of
the region.

area and to monitor, present and analyze its groundwater
quantity and quality changes with time. Digital information
is preferable, since it can be input directly into the GIS,
eliminating the costs and potential inaccurate data conversion. GPS is much more efficient in GIS data updating than
other techniques. The users of a RGWIS such as that constructed in this study will benefit having accurate geographic coordinates and attribute data from the shared data
base in several times for creating, updating or maintaining
their own groundwater GIS data base. These features
also give a chance to the responsible authorities to make
effective decisions in developing a sustainable management system for groundwater resources in the region.
It must be emphasized that authorities responsible for
the water supply of a region must be careful and think
twice not to use wells located close to industrial and residential areas, where gardening is in process. Otherwise,
remedy of degradation in these sites must be done by using
biological products. Monitoring capability of RGWIS can
provide a reliable environment to do some quality and
quantity estimations about groundwater resources for the
future, when periodic data are continuously collected for
3 or 4 seasonal terms of a year. This digital and GIS environment will also be able to simulate various cases before
giving decisions for managers, with respect to highest
productivity and flexibility, and, most importantly, sustainability for our natural resources.
It can also be suggested from the results of this study
that some wells located close to the city centre and showing high values for qualitative parameters (Figs. 3-7) must
not be used to support city water supply. These wells must
also be monitored carefully to avoid public health risks, if
they have to be used in any case.

f) Nitrate distribution for 2001 (Fig. 7) shows quite similar, reasonable and stable values, except those at the
south-east part. For the first term of 2003, a similar
trend for the entire area could be observed, except the
value, which is quite high and seen at the industrial site.
But also the values for the Oct.-Nov. period show a similar trend and quite small undulations in the middle of
the region, again with one exception in the city centre.
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LANDFILL LEACHATE TREATMENT BY FENTON’S REAGENT.
THE VARIATION OF LEACHATE CHARACTERISTICS
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SUMMARY
The variation of young and old landfill leachate characteristics during Fenton process was investigated in a
continuously stirred tank reactor (CSTR) as well as a semibatch reactor. It was shown that both ammonia and nitratenitrogen changed little after treatment. The fluoride concentration markedly increased, while chloride remained
relatively unchanged during the process. Chemical oxygen demand (COD), inorganic carbon (IC) and total organic carbon (TOC) decreased after Fenton process.
Moreover, COD or TOC removal efficiency of old leachate
was slightly better than that of young one, mainly due to
the different high molecular weight (HMW) to low molecular weight (LMW) ratio in young and old landfill
leachates. HMW was almost removed completely, compared with the relatively lower LMW removal efficiency.

KEYWORDS:
Landfill leachate, characteristics, treatment, Fenton process.

INTRODUCTION
At present, there have been numeral reports about landfill leachate treatment by advanced oxidation processes
(AOPs), such as ozone (O3), ozone with hydrogen peroxide
(O3/H2O2), ozone with ultraviolet light (O3/UV), hydrogen
peroxide with ultraviolet light (H2O2/UV), Fenton process
(H2O2/Fe2+), and photo-Fenton process (H2O2/Fe2+/UV) [1].
Fenton process, which utilizes the catalyzation of hydrogen
peroxide by ferrous sulfate to generate hydroxyl radicals
(OH), is one of the most common AOPs. The oxidation of
organic compounds in the leachate by Fenton’s reagent
may proceed by the following chain reactions [2]:
Fe2+ + H2O2 → Fe3+ + OH + ˙OH

(1)

Fe2+ + ˙OH → Fe3+ + OH

(2)

−

RH + ˙OH → H2O + R˙
3+

+

R˙ + Fe → R + Fe

2+

−

In our previous study, it was shown that COD removal
efficiencies were different between the leachates of different landfill age, due to the fact that leachate characteristics
changed greatly with increasing landfill age [3]. It is known
that young leachate is recalcitrant, but amenable to biological treatment, while old leachate is non-biodegradable, but
readily destroyed by chemical oxidation. Therefore, in this
study, both young and old leachates were used to investigate the variations of ammonia-nitrogen, nitrate-nitrogen,
chloride, fluoride, IC, TOC, COD, biochemical oxygen
demand (BOD5)/COD, and molecular weight distribution
of organic matter during Fenton process.
MATERIALS AND METHODS
Young and old leachate samples were collected
from cells 2 and 3, respectively, at the South Solid Waste
Management Center in Jones Crossroads Landfill,
Sussex County, Delaware, USA. The samples were
centrifuged at 10,000 rpm using a Sorvall Superspeed
Refrigerated Centrifuge (Model RC-5) for 10 min to
remove particles and debris, thus minimizing particulate
effects on oxidation reaction. The centrifuged samples
were stored at 4 °C to keep the young/ old leachate characteristics (pH 6.88/ 7.86, COD 10830/ 1118 mg/L,
TOC 3810/ 394.6 mg/L, and alkalinity as CaCO3 2418/
2260 mg/L) unchanged.
Two kinds of operational conditions and procedures
(see Table 1) were selected from Choi’s work [4] to compare them with his results.

(3)
(4)
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TABLE 1 - Operating conditions [4].
Run Number

I

II

Mode
Fe2+ dose (M)
H2O2/Fe2+ molar ratio
COD (mg/L)
pH
Temperature (°C)
Reaction time (min)

CSTR
0.0375
2.875
500
4.0
25
180

semi-batch
0.1
1.5
1000
2.5
25
30

© by PSP Volume 14 – No 12b. 2005

COD removal of Choi (%) [4]
TOC removal of Choi (%) [4]
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87.8
86.1

73
60

The experiments were performed in a 1-L double jacket
spherical plastic reactor with four baffles to minimize
vortexing and rotational flow. Mixing was provided by a
variable speed motor connected to an epoxy-coated steel
shaft and Teflon standard three-blade propeller, vertically
mounted above one propeller diameter from the reactor
bottom. Mixing speed was about 1,750 rpm, which was
measured by a “Strobotac” electronic stroboscope (General Readi Co., West Concord, MA, Type 1531). The acidic
conditions in the reactor were maintained with an automatic pH controller (New Brunswick Scientific Co.,
Model pH-2) using 1 M sulfuric acid and 10 M sodium
hydroxide, and its temperature by a water circulator.
In CSTR mode, leachate samples were diluted to the
desired COD strengths with distilled water, then ferrous
iron dissolved in the 6.5-L volume of diluted leachate, and
1 L of this solution applied to the reactor. Concentrated
sulfuric acid was used to adjust pH in the reactor around
the operating value. The remaining 5.5-L leachate-iron
solution was stocked in a cylindrical storage tank using a
magnetically stirred bar to keep it homogenized. To initiate
the experiment, two peristaltic pumps were switched on
and the hydrogen peroxide solution and the leachate-iron
solution were separately injected into the reactor.
In semi-batch mode, leachate samples were diluted to
the desired COD strengths with distilled water, but then 1 L
of leachate solution was applied to the reactor. Then the
operation was continued as above, but, finally, hydrogen
peroxide and ferrous iron solution were separately pumped
into the reactor.
After the experiment, reactor pH was adjusted to 8.0
with sodium hydroxide and then mixing was stopped.
After settling for 1 h, the supernatant was centrifuged at
10,000 rpm for 10 min. The leachate characteristics before
and after Fenton process in the supernatant, such as ammonia-nitrogen, nitrate-nitrogen, chloride, fluoride, IC, TOC,

COD, BOD5/COD, and molecular weight distribution of
organic matter were then determined.
Ammonia-nitrogen was determined using the colorimetric method according to the Standard Methods [5]. The
content of nitrate-nitrogen in the leachate was analyzed
using the brucine method [6]. Chloride was determined
with a chloride-selective electrode (Model 94-17B) coupled
with a reference electrode (Model 90-02) from Orion
Research Inc. Fluoride was determined by the SPADNS
method described in the Standard Methods [5]. The closed
reflux colorimetric method was used to determine COD
values. COD sample was introduced into a vial (Hach Company) containing digestion solution, and the mixture was
then incubated for 120 min at 150 °C in a COD reactor.
COD concentration was measured at 620 nm (Hach DR/
2000 spectrometer) after the vial was cooled to room temperature. A BI-1000 electrolytic respirometer (Bioscience,
Inc.) was employed to determine BOD5 according to the
Standard Methods [5]. Molecular weight distribution of
organic matter was determined by dialysis [4], and a TOC
analyzer (Rosemount Dohrmann, Model DC-190) was used
for TOC and IC measurements.
RESULTS AND DISCUSSION
The variation of ammonia and nitrate-nitrogen: Although
hydroxyl radicals are strongly oxidizing, they cannot oxidize
ammonia in Fenton process. Therefore, the concentration of
ammonia-nitrogen in both old and young leachate samples
changed only slightly after Fenton`s oxidation as shown
in Table 2. Similar results were observed in Fenton and
electro-Fenton processes, and only 15–20% of the ammonium ions were oxidized when a methanogenic leachate was
treated by Fenton’s reagent [7] and 15.8% by electro-Fenton
process after landfill leachate was treated by chemical coagulation [8].

TABLE 2 - The variation of ammonia-nitrogen and nitrate-nitrogen.

NH3-N
(mg/L)
NO3 -N
(mg/L)
−

Initial value
Final value
Initial value
Final value

Run I
(old leachate)
219.6
226.2
0.50
0.50

Run II
(old leachate)
386.4
380.5
1.00
0.90

Table 2 also indicates that the concentration of nitratenitrogen remained relatively unchanged in both old and
young leachate samples during Fenton oxidation. Furthermore, it was noted that the nitrate content in the leachates
before and after oxidation was very low. This means that
ammonia was not oxidized to nitrate during Fenton oxida-

Run I
(young leachate)
25.83
20.2
0.10
0.09

Run II
(young leachate)
55.85
55.13
0.18
0.19

tion, verified by photo-Fenton, electro-Fenton and photoelectro-Fenton processes. When nitrogen-containing organic
compounds were degraded by photo-Fenton process, organic
nitrogen was expected to be released as nitrate due to strong
oxidative conditions. However, in most cases nitrogen was
detected mainly as ammonia [9]. Also, when electro-Fenton
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and photoelectro-Fenton processes were employed to mineralize aniline, ammonium ion was detected and stable in
both processes, not being oxidized to other nitrogen-compounds [10].
The variation of chloride and fluoride: Fig. 1a shows
that chloride content was relatively high in the leachate
and changed little during Fenton oxidation. Chloride may
undergo a complex reaction with ferric ions [11]:
Fe3+ + Cl → FeCl2+

(5)

−

2+

FeCl + Cl → FeCl2
−

+

+

(6)

FeCl2 + Cl → FeCl3

(7)

−

which lowers the ability of free ferrous ions to catalyze
hydrogen peroxide. In addition, chloride is considered as
a hydroxyl radical scavenger [12]:
Cl + ˙OH + H+ → Cl˙+ H2O

(8)

−

Therefore, presence of chloride would decrease oxidation efficiency of hydroxyl radicals.
Fig. 1b indicates that fluoride concentration in both old
and young leachate samples highly increased, reaching
more than 9 mg/L after Fenton oxidation. Organic fluoride might be present in the leachate, and might be released
via oxidation into the aqueous phase. Further research is
needed to characterize the nature of organic fluoride in the
leachate.

FIGURE 1 - The variation of chloride
and fluoride (a. chloride, b. fluoride).

Fluoride is an essential constituent for both humans
and animals, which depends on the total amount ingested or
its concentration in drinking water. The presence of ﬂuorine
in drinking water, within permissible limits of 0.5-1.0 mg/L,
is beneficial for the production and maintenance of healthy
bones and teeth, while excessive intake causes dental or
skeletal ﬂuorosis damages in severe cases [13]. Fluoride is
also toxic to aquatic organisms, such as algae, aquatic plants,
invertebrates and fishes [14]. Therefore, further treatment of
fluoride is needed after Fenton process.
The variation of COD and BOD5/COD: Fig. 2a shows that
COD decreased upon Fenton oxidation. Moreover, the
percentage of COD removal from old leachate (62.1%) was
slightly higher that that of young leachate (60.5%) in Run I,
and 62.0% versus 58.1% in Run II. This was due to the
fact that old leachate contained a higher ratio of HMW
organic matter, such as humic and fulvic acids, which are
capable of binding metals, and the role of humics in the
formation of hydroxyl radicals via iron-hydrogen peroxide reaction has been already reported [15]. Meanwhile,
humic acid is known to serve as a chelating agent for
ferrous and ferric ions, and as a reducing agent for ferric
ion. The resulting ferrous ion would then react with hydrogen peroxide to produce hydroxyl radicals [16].
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FIGURE 2 - The variation of COD and
BOD5/COD (a. COD, b. BOD5/COD).

Although the extent of COD removal was not significant upon Fenton process as Choi [4] observed, i.e., 87.8%
in Run I and 73% in Run II, the BOD5/COD ratio increased
for both young and old leachate samples (Fig. 2b). The
increase was much significant for the old leachate and
attributed to HMW removal. Young landfills normally
operate in the acidogenic phase, and their leachates contain
high levels of readily biodegradable LMW organics, such
as short-chain fatty acids. Mature landfills, however, normally operate in the methanogenic phase, and their leachates
have relatively lower organic strength, because fatty acids
have been converted anaerobically, and other easily biodegradable substances into methane and refractory organic residues [17]. Therefore, in this study BOD5/COD ratio
of young leachate is 0.38, whereas that of old leachate is
only 0.16. After Fenton oxidation, the refractory organic
matter in the leachate was decomposed to carbon dioxide
and the products more amenable to biological treatment.
Therefore, it is expected that the biodegradability of the
leachate would improve after Fenton oxidation.

ide was produced mainly in the acidogenic phase, and a
high amount of organic matter degraded with an increase
in the age of landfill. Although IC was present at a significant quantity in the leachate and a significant amount of
the organic carbon was mineralized to IC during Fenton
oxidation, as verified by the decrease of TOC, the extent
of IC removal was still very high, due to the acidic conditions during Fenton oxidation. At low pHs, carbon dioxide is the predominant carbonate species, and the mixing
conditions of the reactor made carbon dioxide strip from
the aqueous phase.
The percentage of TOC removal of old leachate was
slightly higher than that from young leachate, which is
similar to COD removal. i.e., 55.4% of old leachate versus
49.7% of young leachate in Run I, and 65.2% vs. 50.9% in
Run III. Moreover, the extent of TOC removal was not
significant, when the leachate from different landfills was
used [4]. This means that the degradation of organics in
leachate using Fenton’s reagent will depend on the chemical composition of leachate, influenced by refuse characteristics, hydrogeology, height of refuse, age of landfill, and
climatic conditions surrounding the landfill [18].

Fig. 3 indictes that IC percentage in the old leachate was much greater than that in
the young one. This could be explained that carbon diox-
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FIGURE 3 - The variation of TOC and IC (a. Run I (old leachate);
b. Run II (old leachate); c. Run I (young leachate); d. Run II (young leachate)).
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The variation of the molecular weight distribution of organic matter: As shown in Fig. 4, the concentration of

HMW in the old leachate was higher than that in the young
leachate. Soluble organics following both physical and
chemical processes generate the leachate in the landfill [19].
These compounds can undergo a condensation that leads to
the formation of humic-like substances, and the kinetics of
this process is rather slow [20]. This leads to the higher
HMW concentration in old leachates. Results indicate that
almost all the refractory HMW is readily decomposed to
IC and biodegradable LMW by Fenton oxidation. This re-

a)

resulted in an increase of BOD5/COD ratio by Fenton oxidation (Fig. 2b). The rate constant between humic substances and hydroxyl radical is as high as 3×104 (mg/L of
Dissolved Organic Carbon (DOC))-1s-1 [21], and HMW
could be removed by coagulation stage of Fenton process
much easier than LMW [22]. On the contrary, LMW
(short-chain fatty acids) are biodegradable, but resistant to
chemical oxidation. In addition, LMW was produced when
HMW was oxidized. This resulted in lower removal efficiency of LMW.

b)
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FIGURE 4 – The variation of the molecular weight distribution of organic matter (a. Run I (old leachate);
b. Run II (old leachate); c. Run I (young leachate); d. Run II (young leachate)).

CONCLUSION
Both CSTR and semi-batch mode were employed to
investigate the variations of young and old landfill leachate
characteristics during Fenton process. It was shown that
ammonia-nitrogen, nitrate-nitrogen, and chloride changed
little, whereas fluoride increased significantly after treatment. COD, IC and TOC decreased after Fenton process.
Moreover, the percentage of COD or TOC removal from

old leachate was slightly higher than that from young
leachate. This was mainly due to the different HMW to
LMW ratio in different landfill lechates. HMW was easily
removed by Fenton process, compared to LMW. Most of
COD and TOC removal efficiencies in this work were
lower than those achieved by Choi [4], indicating that the
degradation of organics in leachates using Fenton’s reagent will primarily depend on their chemical composition.
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CHANGES IN SOIL QUALITY PARAMETERS AFTER A WILDFIRE IN GELIBOLU (GALLIPOLI) NATIONAL PARK, TURKEY
Hüseyin Ekinci and Yasemin Kavdir
Canakkale Onsekiz Mart University, Terzioglu Campus, Agricultural Faculty, Soil Science Department, 17020 Canakkale, Turkey

SUMMARY
The objective of this study was to determine the influence of forest wildfires that occurred 1994 in Gelibolu (Gallipoli) National Park, Turkey, on some physical, chemical
and biological properties of soils. Soil samples were collected from five different locations as replicates from both
burned and nearby unburned sites. Results showed that
available phosphorus and potassium content, pH, and electrical conductivity of burned soils were higher than those
of unburned counterparts. On the other hand, aggregate
stability, hydraulic conductivity, total porosity, soil water
content, cation exchange capacity, total nitrogen, urease
activity, and microbial biomass carbon values of burned
soils were lower than those of unburned ones. The mean soil
organic carbon values were 2.94% for burned and 5.01% for
unburned soils, whereas those of microbial biomass were
1.2 mg C g soil-1 and 1.69 mg C g soil-1. Aggregate stability values were found to be 88.32% and 94.44% (P<0.05),
and urease activities were 185 mg kg-1 2-h-1 and 366 mg
kg-1 2-h-1 (P<0.01) for burned and unburned soils samples,
respectively. This research showed that negative effects of
fire still remain in the soil even after 8 years and recovery
of soil health was very low.

KEYWORDS: Forest fire, soil, organic carbon, aggregate stability,
microbial biomass.

INTRODUCTION
Soil quality indicators are usually classified as physical,
chemical or biological ones [1]. Physical indicators are soil
texture, soil depth, topsoil, rooting, infiltration and soil bulk
density, and water retention characteristics. The chemical
indicators are total organic C and N, pH, electrical conductivity, and extractable N, P, and K. The biological indicators
are microbial biomass C (MBC) and N, potentially mineralizable N, soil respiration, water content, and temperature.
As also reported by Riepert and Felgentreu [2], there is no
standard method to test soil quality, but this is gaining more

importance. Soil quality indicators need to be chosen according to the research objectives. For instance, if soil pollution is the problem, different quality parameters need to be
measured as indicated by the chemical testing program of
OECD [2]. Additionally, soil quality indicators for polycyclic aromatic hydrocarbons (PAHs) were evaluated by
Maliszewska-Kordybach [3], however, the pollution limits
and measured parameters were also different in European
countries.
Wildfires are one of the most widespread factors of
ecosystems` degradation around the world, because fire
destroys the vegetation cover and increases nutrient and
soil losses by leaching and erosion [4]. In the Mediterranean basin, fire is considered to be the main disturbance [5-7]
in changing soil quality, especially the physical characteristics of soils. During burning, the plant cover and litter
layers are consumed, and mineral soil is heated resulting
in changes of soil bulk density, porosity, texture, color,
moisture content, and permeability [8]. Choromanska and
DeLuca [9] reported that C and N mineralization decreased
after fires, and could not be recovered after 9 months of
study period. The quantity and the composition of soil microbial biomass are particularly sensitive to changes in the
soil environment.
Previous studies have demonstrated that biochemical
parameters, such as soil enzyme activities, are sensitive
indicators of stress and can be used as a measure of the
health and sustainability of managed ecosystems [10-12].
Fire may also influence soil aggregate stability, due to
consumption of soil organic matter constituents [13].
Soil aggregate stability is mostly influenced by the texture, the presence of humified organic matter, and, particularly, the most stable carbon fraction [14]. Fire also causes
short-term reduction in soil microbial biomass [15], but
after a fire there is an increase of available nutrients in
soil, mainly in the form of water-soluble ash components
[16]. Part of this effect derives from an increase in soil pH
due to that in exchangeable soil cations [17, 18]. Therefore, long-term effects of forest fires on soil quality parameters need to be investigated.
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The aim of this study was to investigate the influences of the forest wildfire, which occurred eight years
before soil sampling in Gelibolu National Park-Turkey,
on some selected physical, chemical and biological soil
quality indicators.

MATERIALS AND METHODS

lected from 0–5 cm soil depth, after carefully removing soil
surface-litter. Some of the samples were kept at 4 °C for
microbial biomass, urease activity and nitrogen analysis.
The remaining parts of the samples were air-dried, and a
comparison was made between burned forest floors and
unburned nearby area (control), after passing them through
a 2 mm-sieve and keeping the fine soil fraction (<2 mm)
for analysis.

Site Description

Laboratory analysis

The study region (National Park of Gelibolu Peninsula) is located in Çanakkale (latitude 40°09' N and 26° 18'
E”) (Fig. 1). It has a Mediterranean-type climate with
annual averages of 629 mm in rainfall and 14.9 °C in temperature, and hot dry summers and cool rainy winters.

Texture of soil was determined after removing OM
and Fe-oxides with 3.3 g H2O2 l−1 and oxalate solution
(0.1 M) at room temperature [20]. Soil aggregates were
separated into their size fractions by sieving them through
a 3.3-mm screen. Aggregate stability was determined by
the Youder's wet sieving method [21], and soil bulk density by the undisturbed soil core method [22]. Porosity
was calculated from bulk density assuming a particle density of 2.65 g cm−3 [23]. Saturated hydraulic conductivities of
soil samples were determined in undisturbed soil cores
under constant-level water head, as described by Klute and
Dirksen [24]. Water content was measured gravimetrically in
soil samples taken from 0–5 cm depth [25].

FIGURE 1 - Location of the study area.

Mean monthly temperatures in July and August range
from 25 to 35 °C, and the dominant soils in Gelibolu region
are xerorthents [19], and, in addition, some haploxerepts.
Dominant parent materials in the fire area are sand stones
and a part of limestones. On the research site two stands,
10–30 years and over 30 years old, were examined. The
fire type was classified as medium-high intensity one, on
average occurring at intervals of 25 fires year−1. A natural
forest wildfire occurred in 1994, a total area of 4428 ha was
burned, and 173 ha of this area was comprised of Pinus
pinea L., 380 ha was agricultural land, and 3875 ha (87.5%)
was covered by Pinus brutia. A total of 34,343 m3 trees
disappeared in the fire.
Soil Sampling

Soil samples were collected from five different locations as replicates from both burned and unburned sites, at
sampling points with similar physiographical, topographical properties, parent material and plant cover. From each
replication point, three samples were taken, 1 m apart from
each other. The burned and unburned sites were approximately 20–30 m apart from each other, depending on the
site. Both undisturbed core and disturbed samples were col-

Soil organic C was analyzed using the dichromate oxidation technique [26], and total organic N was determined by
steam distillation in a Kjeldahl automatic analyzer using the Bremner method [27]. The pH, EC, and cation
exchange capacity (CEC) values were analyzed using the
methods described in [28]. Microbial biomass carbon of
soil samples was determined by using the chloroform fumigation method [29], and air-dry soil samples were extracted
with Mechlich I solution. Extractable phosphorus (P) and
potassium (K) were determined from these extracts by using ICP-AES. Urease activity of soil samples was determined according to Tabatabai [30]. TOC loads in kg ha−1
(0-5 cm depth) were calculated from the soil volume (V),
soil bulk density (BD), percentage or concentration of SOC
(Con), according to the equations 1 and 2 [31]:
V = 10,000 m2 (a hectare) × 0.05 m (depth of soil sample) (1)
C (kg ha−1) = (V × BD (g cm−3)) × (Con (%)/100

(2)

Statistical Analysis

Data were statistically analyzed according to ProcGLM using SAS [32]. Mean separation was carried out
using LSD test at 0.05 significance level, and in experiments a complete randomized block design was used.

RESULTS AND DISCUSSION
The results of parameter variance analyses in burned
and unburned soils are presented in Table 1. Table 2 shows
the means of the selected physical and chemical properties
of soils collected from the study areas.
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TABLE 1 - Variance analysis of the analysed physico-chemical properties.
Mean Squares
Fire (df: 1)
pH
0.15
EC (µmhos cm-1)
1922.94
Organic nitrogen (%)
0.01
Urease activity (mg kg-12h-1)
82032.87**
Microbial biomass carbon (mg C g soil-1 )
0.61*
Available K ( mg kg-1)
2019.81
Available P ( mg kg-1)
106.15
Soil organic carbon (%)
10.73*
Cation exchange capacity (cmol kg-1)
29.21
Aggregate stability (%)
93.64*
Total porosity %
56.20
Bulk density ( g cm-3)
9.46
-1
Hydraulic conductivity (cm h )
5.72
* and ** : significant at 0.05 and 0.01, respectively.
Soil parameters

Replication (df: 4)
0.48
27419.29
0.04
8450.64
0.75
6129.61
829.62
11.85
138.02
10.57
7.40
20.66
6.63

Error (df: 4)
0.04
4308.99
0.04
2013.72
0.04
2380.49
140.74
1.42
22.63
6.16
9.60
4.34
1.77

TABLE 2 - Mean values of soil physical, chemical and biological properties of burned and unburned forest floor, n=15.
Soil parameters
pH
EC (µmhos cm-1)
Organic nitrogen (%)
Urease activity (mg kg-1 2h-1)
Microbial biomass carbon (mg C g-1 soil)
Available K( mg kg-1)
Available P( mg kg-1)
Soil organic carbon (%)
Cation exchange capacity (cmol kg-1)
Aggregate stability (%)
Total porosity (%)
Bulk density ( g cm-3)
Hydraulic conductivity (cm h-1)
Soil water content (%)

Burned
6.79
211
0.28
185 b
1.20 b
210
35
2.94 b
17.23
88.32 b
50.21
1.26
5.53
1.75

Total organic carbon (TOC)

Negative effects of forest wildfire on surface soil carbon contents were observed 8 years after the fire (Table 2),
and differences in C content of burned and unburned soils
were found to be significant (P<0.05). Organic C content
of burned soil (2.94 %) was smaller than that of unburned
control (5.01%). The main reasons of carbon loss in burned
soil were volatilization of OC and conversion of organic
matter to ash [33, 34]. The calculated carbon loss of surface soil, 27.9 Mg ha-1, is presented in Table 3. Binkely et
al. [35] reported that approximately 13 Mg C ha-1 and
410 kg N ha-1 have been lost by fire from the soil. Similarly, Belillas and Feller [36] determined the loss values
by fire to be 48 Mg C ha-1 and 260 kg N ha-1.
TABLE 3 - Fire-induced loss (%) of soil carbon (0-5 cm soil depth).
Burned
SOC

35.4

Mg ha-1

Unburned
63.3

OC losses higher than 50% in the upper 10 cm layer of
a humic cambisol under a pine forest have been reported
after a wildfire [39], and 100% C losses are frequently re-

Unburned
6.55
183
0.34
366 a
1.69 a
181
28.5
5.01 a
20.64
94.44 a
54.95
1.26
7.48
3.26

LSD0.05
0.35
115.3
0.12
78.8
0.35
85.67
20.83
2.1
8.35
4.36
5.44
3.66
2.34

ported in soils heated under laboratory conditions [39,
40]. During a forest fire, a big quantity of CO2 is released
to the atmosphere. The products formed after burning of
biomasses include water, CO2 and minerals contained in
the ash [41]. After revegetation of burned forests, the
trees uptake CO2 via photosynthesis [42, 43].
The C/N ratios of burned soil are usually lower than
in the original ones, a phenomenon frequently cited in several types of post-fire soils [19, 40]. In this study, the burning
reduced the C/N ratio of soil from 16.43 to 9.43.
Johnson and Curtis [44] have carried out a metadata
analysis on a comprehensive database of soils from North
America, affected or not by different fire treatments (wildfire, prescribed fire and broadcast burning). They observed
significant
differences in both soil C and N, even 10 years
Loss
after the fire event, but lower C content was found by them
in soils
27.9affected by a prescribed fire, and higher soil C
content following a wildfire. The latter is attributed to the
accumulation of charcoal and recalcitrant hydrophobic
OM, and to the encroachment of post-fire N-fixing vegetation.
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Total organic nitrogen

The effect of forest fires on N availability is important, because worldwide it is one of the most common limiting factors to forest productivity [43]. Organic N
contents of both burned and unburned soils are presented
in Table 2, and that of burned soil (0.28%) was found to
be lower compared to unburned counterparts (0.34%),
however, it was not significantly different from each
other. The reason of lower organic N in burned soil is N
volatilization, even at 200 oC [44]. Similar findings were
also reported by Prieto-Fernández et al. [45]. They found
that, 5 and 10 years after a wildfire, the organic N contents in the 0–5 cm layer of the burned soils were slightly
lower than those in the same layer of the unburned ones.
Belillas and Feller [36] determined that 260 kg inorganic
N ha-1 are volatilized by a fire.
Wan and Luo [46] concluded that there has been a significant increase in the concentration of mineral N (NH4+
and NO3−) in the surface soil, immediately after burning,
whereas, on the other hand, soil total N concentration was
not significantly changed by a fire. In this study, ammonium-N of the burned soil was found to be 135 (±7) mg kg-1
and 113 (±9) mg kg-1 in unburned soil. Depending on the
ecosystem, the frequency and severity of a fire, increases
and decreases or non-variation in total soil N have been
reported, but most of the authors found an increase in ammonium-N immediately after burning, which is maintained
for several months or, in some cases, is followed by an
increase in nitrate content [18, 42, 47].
Other alterations, such as reduction in urease and protease activities, have also been described [48]. It has been
shown that, after burning or heating, the soil NH4+-N concentration increased [45, 49]. Castro et al. [50] reported that
soil-burning reduced the soil`s organic N reserves by volatilization and decreases its bio-availability by an important net transfer of N from the labile to the recalcitrant
pool. Jointly, both processes will increase the negative
effects of wildfires on the N cycle.
Microbial Biomass Carbon (MBC)

Soil microbial diversity and biomass are very important properties in terms of soil health, because there are
close relationships among microbial diversity, soil and plant
quality, and ecosystem sustainability. In this research, the
MBC values of burned soils (1.2) were lower than of unburned control (1.69), and this difference was significant
(P<0.05). Fire can be harmful for soil organisms [51], and
the fire heat can kill microbial biomass in the surface soil,
which starts to increase a few days later due to nutrients`
release from decomposed plant material [52]. Hernandez et
al. [48] investigated the short-term effects of fire on soil
properties in a Mediterranean pine forest, and found that
fire reduced MBC of soils. Our results showed that MBC
of burned soils were still significantly lower than that of
unburned control, even 8 years after the fire. The reason for
that is the limited supply of soil OC after the fire (Table 2).

Pietikäinen [53] reported that a 3-years period after
burning was not adequate for the recovery of microbial
biomass and its activity, and on the sites burned less than
9 years ago, the amount of MBC was substantially lower
(2.8-4.4 mg g-1). In our study, MBC in the burned site of
Gelibolu was still lower than that of the unburned control
site, 8 years after the fire. Therefore, this time is not enough
for soil regeneration. Nevertheless, Pietikäinen [53] reported
that the decline in MBC caused by a prescribed burning
was stabilized after 15 years to levels, commonly found in
unburned humus in Finland.
Urease activity

The difference between burned (185) and unburned
soils (366) in terms of urease activity was found to be significant (P<0.01; Tables 1 and 2).
Piccone et al. [54] reported that urease activity was not
short term-affected by a fire. Fire can induce immediate
changes to the soil, however, a long-term observation
showed that urease activity of burned soil was significantly
lower than that of unburned control (Table 2).
Soil enzyme activities are positively correlated with
nutrient release from organic matter. Enzymes are denaturated at temperatures higher than 60 ºC, and most of
them are lower in burned areas [55].
Soil biota and soil organic matter content are also affected after a forest fire [39], due to ash formation, change
of soil organic matter composition [13], change of soil characteristics and microflora (vegetation and soil cover change),
and sterilization of soil microorganisms. Burning causes a
more or less severe heat input into the soil, immediately
killing or injuring the soil microbes [56].
pH and Electrical Conductivity (EC)

Soils sampled from burned sites had higher EC and pH
values than unburned controls (Table 2). Also Hernández et
al. [57] reported that ECs of burnt plots were higher than
that of unburnt ones. Burning of organic matter releases ash
and charcoal onto the ground. Ash contains inorganic elements, and base cations, such as Ca2+, Mg2+ and K+, in the
ash lead to increased pHs and ECs. A study conducted in
Chile also showed that fire increased soil pH [58].
Soil pH commonly increases immediately after a severe slash or debris burning [59], and this effect typically
remains for several years, as observed at Gelibolu site for
a 8-years period after the fire (Table 2). Compared with the
unburnt surface soil (0-5 cm), the pH of burnt one was
non-significantly higher (0.24 units) (Table 1).
Available P and K contents

Available P levels in burned soils were higher than
those of unburnt controls, 8 years after the fire, but not statistically significant (Tables 1 and 2). Especially, the amount
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of organic plant material is higher in pine forests compared
to other forest types [48]. The change of soil P content
generally depends on soil temperature during the fire, and
tends to increase in burned soils [60, 61]. DeBano and
Conrad [62] reported that plants and their residues turn
back to the soil as ash, following a fire. If it is not carried
away by wind or a run-off, it will increase P content in soil.
In this study, available P concentrations were slightly higher
in burned soils (35 mg kg−1), compared to unburned control
(28.5 mg kg−1), 8 years after the fire.
Available K of burned plots (210 mg kg−1) was higher
than that of unburned soil (181 mg kg-1) but it was also not
statistically significant (Tables 1 and 2). The fire directly
affects K and P availability of soil by chemically altering
these elements and indirectly by altering soil temperature,
pH, and water flow.
De Ronde [63] reported that K contents were significantly higher in burned forests, 21 months after fire. Morley et al. [31] observed similar significant trends of K
concentration, when comparing spring burn-treated soils
with unburnt ones.
Cation Exchange Capacity (CEC)

In general, burning tended to reduce CECs in Gelibolu
soils from 20.64 cmol kg-1 to 17.23 cmol kg-1, but the difference was not statistically significant (Tables 1 and 2).
The reason of that was the reduction of soil OC by burning (Table 2). Lal et al. [64] reported that soil CEC, pH
and nutrient availability were affected by surface run-off
after the fire. Fire should not affect the CECs of mineral
soils, but may change CECs of OC-rich soils, as observed
in our study area.
Aggregate stability (AS)

As can be seen in Tables 1 and 2, AS of burned soils
was lower (88.32%) than that of unburned ones (94.44%),
and this difference was significantly (P<0.05). One reason
of low AS in burnt soil is the reduction of soil OC by burning [33, 34], because the formation of large-sized aggregates (>250 µm) is mainly attributed to organic matter [14],
consumed during fires. In this study, SOC, MBC and AS
values of burned soil samples were low, with regard to
unburnt controls. In areas affected by severe fires, organic
matter content in the soil was reduced, thus causing reduced aggregate stability. This pattern, however, depends
on the type of soil and temperatures reached in its surface
during burning [65]. Another reason of low AS values in the
burned site was the change of soil organic matter composition due to the fire. Kavdir et al. [13] reported that there is a
linear direct correlation between soil carbohydrates and AS
values, and fire alters the composition of SOM by reducing
soil carbohydrates, according to our results in Gelibolu.

ferent from unburnt ones (variance analysis test, Tables 1
and 2). The major determining factor of Ksat is the amount
of disturbance to the surface material, usually organic
debris that protects the underlying mineral soil, by a fire.
In our study, burning reduced SOC and AS values. Therefore, breakdown of macro-aggregates can block soil pores
and reduce Ksat values of the soil. Valzano et al. [66]
found that Ksat of soils decreased approx. by 50% in burnt
plots, with respect to the adjacent unburnt ones. Dyrness
[67] studied the effects of slash-burning in the Northwest
Pacific, and observed that severe burning decreased soil
porosity and infiltration capacity, thus increasing the potential for soil erosion.
Soil water content

Soil water content of unburnt soil was not significantly
higher than that of burnt (Tables 1 and 2). Since vegetations
are destroyed by fire, evaporation rates increase in burned
areas during dry and hot seasons [58], and, consequently,
soil water content decreases. Another reason of lower soil
water content in burnt soil areas were low Ksat and infiltration values, as explained above. In our study, eight years
after the fire, control soils had higher water content than
burned soil.
CONCLUSIONS
Prescribed and regular fires can eliminate undesirable
vegetation from the land, and re-establishe desired vegetation, especially in rangelands. However, wildfires negatively influence soil biological properties, disturb surface
cover, increase surface run-off and erosion, and degrade
soil ecosystems. In this study, the influence of a mediumhigh intensity forest wildfire in 1994 on some soil quality
parameters was investigated. The results showed that fire
increased soil pH, EC and available P and K contents, but
reduced CEC, AS, porosity, Ksat, organic N, urease activity, MBC, TOC and soil moisture content. This study elucidated that negative effects of fires on some soil quality
parameters still could be found 8 years later.
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SUMMARY
Freshwater microalgae are considered to be good bioindicators and used as test organisms in several standard
ecotoxicological testing procedures. The sensitivity to a
toxicant may differ among the species and, thus, it is important to use a set of different species and to cross the
final sensitivity of those microalgae to assess the toxicity
of a compound or effluent. It is important to know the
conditions guaranteeing the basic nutritive needs, allowing the performance of tests using effluents. It is also important to know the final test volume, which is proper for
algal growth tests, according to the surface apparatus.
An adapted methodology for three freshwater green
algae (Chlorella vulgaris Beijerinck, Pseudokirchneriella
subcapitata (Korshikov) Hindak, and Pandorina morum
(Müller) Bory) growth tests is proposed, establishing an
easier and less expensive procedure with fewer requirements
to perform algal inhibition tests. It concerns different nutritive (MBL nutrient-saturated medium and MBL dilutions)
and apparatus conditions, and the most adequate biomass
parameters chosen for each species.

be used for other tests or culture maintenance with specific
parameters (temperature and photoperiod, for example) that
cannot be modified. Other items like the minimum final test
volume in the flasks, the flasks` capacity and the recommended medium for algal growth tests may also not be the
same as indicated in standard guidelines [3-5]. Therefore,
the conditions used may not be specifically the same of the
standard procedures and the algal growth inhibition results
may be different. Nevertheless, the results may follow the
validation rules of the standard procedures, such as the
minimum 16-fold biomass increase in control flasks during
the test period [4].
The aim of this study was to establish the most accurate, easiest and least time-consuming procedure with regard to algal inhibition tests, concerning different nutritive
and apparatus conditions and algal biomass assessment
(such as cell counting, dry weight, optical density or chlorophyll a) in order to use only the parameters which fit best
to all those characteristics.
MATERIALS AND METHODS

KEYWORDS:
Growth test conditions, biomass parameters, Chorella vulgaris,
Pseudokirchneriella subcapitata, Pandorina morum.

INTRODUCTION
Factors, such as nutrient availability, light intensity and
temperature, influence the microalgal development [1]. Besides, each species may have different optimal values to
grow, and the response to a toxicant may also vary under
different test conditions. Standard procedures for algal
growth inhibition tests describe the method to adopt and
make several indications about the apparatus (vessels and
culturing apparatus), test medium (nutritive conditions),
incubation conditions (temperature, light and agitation), and
other parameters that are important for algal growth and,
consequently, for validation of the test. But sometimes the
conditions in laboratories are quite different and alterations
must be done [2]. For instance, the incubator chambers may

The green algae, Chlorella vulgaris Beijerinck, Pseudokirchneriella subcapitata (Korshikov) Hindak and Pandorina morum (Müller) Bory, were used to test the effects
of different growth conditions. The freshwater green alga
mostly recommended for algal growth inhibition testing
procedures is Pseudokirchneriella subcapitata [3-5]. Nevertheless, the performance of C. vulgaris and P. morum as
test organisms was assessed by comparison with P. subcapitata growth behaviour under the same conditions.
Marine Biological Laboratory medium (MBL - Sterilized Hoods Hole Culture, [6]) was used as nutritive culture
medium, but several nutritive conditions were tested (MBL
nutrient saturated medium and 80, 70, 60 and 50% dilutions of MBL in distilled water). MBL media are prepared
using sterile distilled water adding 1 mL of stock solutions CaCl2.2H2O (36.76 g.L-1); MgSO4.7H2O (36.97 g.L-1);
NaHCO 3 (12.60 g.L-1); K2HPO4 (8.71 g.L-1); NaNO3
(85.01 g.L-1); Na2SiO 3.9H 2O (28.42 g.L -1); Na2.EDTA
(4.36 g.L-1); FeCl3.6H 2O (3.15 g.L -1); CuSO 4.5H 2O
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For each freshwater green alga, the samples were placed
in 250 mL borosilicate Erlenmeyer flasks with 100 mL of
final test volume. To each treatment corresponds a set of
three replicates. Three days before starting the experiments,
an inoculum was incubated under the same conditions as
the test cultures to adapt each alga to the test conditions and
achieve exponential growth as usually recommended [4].
The initial cell density used for all green algae corresponded
to 5 x 104 cells.mL-1. The preparation of the MBL medium
and flasks handling was carried out aseptically. The tests
were performed in an incubation chamber (F10 000 EDTU
model) with continuous agitation (GFL 3015) at 100 rpm, a
16hL:8hD photoperiod (43–46 µmol quantum-2s-1 provided
by cool white fluorescent light), and controlled temperature
at 20±2 ºC. Standard growth inhibition procedures recommend that algal growth tests should be terminated after 72
h of incubation under continuous light. In this experiment,
the test was finished after 4 days of incubation (after 96 h)
due to the photoperiod, and then four biomass parameters
for all algae were determined and consisted of optical
density at 440 nm, dry weight, cell counting and chlorophyll a (chl a) concentration. Dry weight determination was made by filtering 40 mL of the test volume from
Erlenmeyer flasks through Whatman GF/C filters, tarred
and dried at 103 ºC for 24 h [7] in an incubation chamber
(Venticell 111 type). Algal density was directly counted
using a Neubauer chamber for C. vulgaris and P. subcapitata, and a Sedgwick-Rafter chamber for P. morum [7].
Chl a concentration was determined by filtering the
remaining culture volume through GF/C filters, which were
then treated with acetone (90%) to extract the chl a that
was measured at 665 and 750 nm, before and after acidification with HCl (0.1M), in a 6505 UV/VIS spectrophotometer.
Different vial capacities (250, 150 and 100mL Erlenmeyer flasks) were also tested under the above apparatus
conditions for MBL nutrient saturated medium and 70% of
MBL in distilled water. For each treatment there were set
up three replicates. The final test volumes were 100, 60 and
40 mL for the 250, 150 and 100 mL Erlenmeyer flasks,
correspondingly. The parameters for algal biomass determination were identical to that above, but with different filtering volumes for dry weight (40 mL, 20 mL and 18
mL for the 250, 150 and 100 mL Erlenmeyer flask cultures,
respectively) and, inherently, for chl a.
The results (expressed as optical density for C. vulgaris
and P. subcapitata, and chl a for P. morum) of the different treatments were compared using analysis of variance
(ANOVA). If applicable, a Tukey multiple comparison test

was applied with statistically significant differences in
growth reported for p <0.05 [8]. The coefficient of correlation of Pearson was performed to compare the different
methods of biomass determination (cell counting, dry
weight, optical density and chlorophyll a).
RESULTS
After 96h of incubation, the results obtained for the
algal growth, under different nutritive conditions (MBL
nutrient-saturated medium with 80, 70, 60 and 50% MBL
dilutions in distilled water), showed no significant differences (ANOVA, p>0.05), allowing the green algae P. subcapitata and P. morum to achieve maximal growth even at
the MBL medium dilution of 50% (Figs. 1A and B). On
the other hand, the growth of C. vulgaris with nutrient
saturation was not significantly different from that under
60% MBL medium dilution, although it differed significantly from the growth at 50% MBL (Fig. 1C).
Chlorophyll a concentration of
Optical density of Pseudokirchneriella
Pandorina morum (mg.L-1)
subcapitata (440 nm)

(0.01 g.L-1); ZnSO 4.7H 2O (0.022 g.L -1); CoCl2.6H 2O
(0.01 g.L -1); MnCl2.4H2O (0.18 g.L-1); Na2MoO4.2H2O
(0.006 g.L-1) and 2 mL of Tris(hydroxylmethyl)–aminomethane (50 g.200mL-1) per L medium. The medium
was sterilized by autoclaving. The vitamins (sterilized
by filtration) were only added after medium sterilisation under cold conditions.
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FIGURE 1 - Algal growth (in saturated nutrient medium and in 80,
70, 60 and 50% of MBL) after 96h of incubation using (A) P. subcapitata, (B) P. morum and (C) C. vulgaris. Data are the means of at
least 3 replicates and error bars represent the standard deviation.
The different letters correspond to significant differences between
the treatments (p <0.05). The absence of letters on the graphics
means there are no significant differences among all the treatments.
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Due to its easier and accurate procedure, optical density
proved to be the most adequate parameter for current use in
algal biomass determination for C. vulgaris, showing high
correlation with cell counting (r = 0.932, p <0.05, n = 48),
chl a (r = 0.704, p <0.05, n = 31) and dry weight (r = 0.976,
p <0.05, n = 32). The same was observed for P. subcapitata, which shows also a high correlation between optical
density and cell-counting (r = 0.891, p <0.05, n = 22), chl a
(r = 0.812, p <0.05, n = 26) and dry weight (r = 0.819, p <
0.05, n = 31). In contrast, P. morum optical density could
not be measured due to the variation caused by colonies`
movement. Chl a showed an important correlation with dry
weight (r = 0.853, p <0.05, n = 35) and cell-counting determinations (r = 0.670, p<0.05, n = 26), and, therefore, was
chosen as the most adequate biomass parameter for this alga.

a,b

a,b

DISCUSSION AND CONCLUSION

0.15

From the results obtained we may infer that the nutritive conditions in 50% MBL medium are good enough to
guarantee P. subcapitata and P. morum basic nutritive needs,
allowing the performance of tests using effluents which
volume can range from 0-50% of the final test volume. The
same can be established for C. vulgaris using 60% MBL
medium as control. This may be useful for the experimental
design of toxicity tests using effluents. On the other hand,
the reduction of the final test volume in smaller flasks
enables the reduction of the orbital shaker surface needed
for the test apparatus, when compared to the standard procedures indicating the use of 250 mL Erlenmeyer flasks
with 100 mL of final test volume [4].
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Figure 2 shows the algal growth responses under different test vials and final test volume conditions (250, 150
and 100mL Erlenmeyer flasks with 100, 60 and 40 mL of
final test volume, respectively) using MBL medium and a
dilution corresponding to 70% of MBL (chosen due to the
best results obtained for the different MBL dilutions). The
results show that P. morum grew with no significant differences between the test vials conditions, but also between
the MBL samples and the 70 MBL samples. Nevertheless, C. vulgaris and P. subcapitata presented significantly higher cell densities in 150 and 100 mL Erlenmeyer flasks (ANOVA, p <0.05).

12
C

10
8
6
4
2
0

FIGURE 2 - Algal growth (different test vials and final test volumes)
after 96h of incubation using (A) P. subcapitata, (B) C. vulgaris and
(C) P. morum. MBL and 70MBL values correspond to 250 mL flasks,
MBL’ and 70MBL’ correspond to 150 mL flasks, and MBL’’ and
70MBL’’ correspond to 100 mL. Data are the means of at least 3 replicates and error bars represent the standard deviation. The different
letters correspond to significant differences between the treatments (p
<0.05). The absence of letters on the graphics means there are no
significant differences among all the treatments.

In all the tests, for C. vulgaris and P. subcapitata, four
biomass parameters (cell counting, optical density at 440nm,
dry weight and chlorophyll a concentration) were analysed.

P. subcapitata achieved high cell densities in nutrientsaturated medium (1.52 x 107 cells.mL-1), compared with
other studies using this species under continuous light after
a 96 -h test period at 24 ºC, but with air agitation in transparent chemostat reactors [9]. Under optimized conditions
(24ºC, continuous light and agitation at 100 rpm), after 72 h
this alga showed final test cell densities higher [10] than in
the present work after 96 h, possibly indicating the importance of temperature and continuous light for this species performance. De Figueiredo et al. [10] also showed
that under the same conditions C. vulgaris presented cell
densities after 72 h similar to those achieved in this study
after 96 h, indicating that the conditions described in this
work are valid for this species growth. Other studies using
another Chlorella species [11] report growth values much
lower than that of the present study (2.25 x 107 cells.mL-1)
after a 96-h test period, but using continuous illumination
and daily manual shaking of the samples. Actually, C.
vulgaris presented higher cell densities than P. subcapitata
after the test period indicating the high potential of C.
vulgaris as test organism in ecotoxicological studies. P.
morum achieved the lowest cell density values of the three
green algae tested, although it may be more sensitive to
alterations in the media or to a toxicant [12]. Agitation at
100 rpm proved to be an important feature by preventing
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algal sedimentation, particularly that of P. subcapitata
and C. vulgaris, and allowing better aeration conditions
for their growth.

[7]

APHA (1995) Standard Methods for the Examination of Water and Wastewater. 19th edition. American Public Health Association, Washington pp 1-1100.

In conclusion, our results established an adapted methodology to perform algal inhibition tests with P. subcapitata, but also with other freshwater green algae, such as C.
vulgaris and P. morum, which may prove to be more sensitive to toxicants than the former one [10, 12]. Also, our
study supports the use of MBL as media basis for algal
growth tests, when effluent volumes range from 0 to 50%
for P. subcapitata and P. morum, and from 0 to 60% of the
total test volume for C. vulgaris, without compromising the
basic nutritive needs of these three green algae. For C.
vulgaris and P. subcapitata, the optical density showed to
be the most adequate algal biomass determination parameter, and for P. morum the chlorophyll a concentration. Algal
growth inhibition tests support the use of 150 and 100 mL
Erlenmeyer flasks, reducing the needed area on orbital
shakers and, therefore, allowing the increase of test samples/ replicates at the same time. The reduction of final test
volume, experimental flasks capacity and surface apparatus
proved to be proper for current algal growth tests.

[8]

Zar, J.H. (1996) Biostatistical Analysis. 3rd edition. PrenticeHall International, Inc., New Jersey, pp 1-662.

[9]

Chen, C.-Y., Lin K.-C. and Yang D.-T. (1997) Comparison
of the relative toxicity relationships based on batch and continuous algal toxicity tests. Chemosphere 35(9):1959-1965.

[10] de Figueiredo, D.R., Azeiteiro U.M., Gonçalves F. and Pereira M.J. (2004) Aphanizomenon flos-aquae grown under different nutrient concentrations and the effects of its exudates
on growth of two green algae. Fresenius Environmental Bulletin 13(7):657-664.
[11] Kotrikla, A., Gatidou G., Lekkas T.D. (1999) Toxic effects of
atrazine,
deethyl-atrazine,
deisopropyl-atrazine
and
metolachlor on Chlorella fusca var. fusca. Global Nest: the
International Journal 1(1):39-45.
[12] Gonçalves, A.M.M., de Figueiredo D.R. and Pereira M.J..
The effects of different salinity concentrations on Chlorella
vulgaris, Pseudokirchneriella subcapitata and Pandorina
morum (unpublished work).
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SUMMARY
Low cost and locally available two renewable biosorbents (cotton stalk and apricot seed) were investigated to remove Astrazone Blue and Astrazone Red from
aqueous solution. The effects of various experimental
parameters such as dye concentration, adsorbent
amount, adsorbent particle size and initial pH were
tested
and
optimal
experimental conditions were examined. The results showed
that as the amount of adsorbent was increased, the percentage of dye removal increased accordingly. The ratios
of dye sorbed increased as the adsorbent particle size decreased. The dye removal efficiency of two agricultural
waste was in the order cotton stalk > apricot seed. In addition, the antibacterial effect of untreated and treated dyes on
a soil bacterium, P. aeruginosa was determined. The adsorption of these dyes with agricultural wastes reduced the toxic
effect on P. aeruginosa. This reduction in toxic effect is
important both in respect of environmental biotechnology
and waste detoxification. The results in this study indicated
that cotton stalk and apricot seed can be employed as lowcost and attractive alternatives in wastewater treatment for
the removal of dyes.

KEYWORDS: Agricultural waste, antibacterial effect, decolorization, dyes, removal of dye.

INTRODUCTION
The removal of dye from textile effluents is one of the
most significant environmental problems. Synthetic dyes are
extensively used for textile dyeing and other industrial
applications. Over 10.000 dyes with an annual production
over 7x105 metric tons worldwide are commercially available and 5-10% of the dyestuffs are lost in industrial effluents [1]. The extensive use of dyes often poses pollution
problems in the form of colored wastewater discharge into
environmental water bodies. The presence of very low concentrations of dyes in large water bodies is highly visible

and undesirable and also reduces light penetration and
photosynthesis. In addition, some dyes are either toxic or
mutagenic and carcinogenic [2-5].
The elimination of colored substances in wastewater is
based mainly on physical or chemical methods [6]. These
methods have several disadvantages like high cost, incomplete removal, low selectivity and high energy consumption. Currently, the most widely used and effective physical method in industry is activated carbon, although running cost are expensive. This is mainly due to the chemicals
required for regeneration after dye removal [7]. Although,
activated carbon removes dyes from solution, they are then
present in a more concentrated and toxic form, and so their
safe disposal increases the cost further. All these techniques
have shortcomings. So, an effective and inexpensive alternative is needed [8].
Among many new technologies, utilizing plant residue
as adsorbents for the removal of dyes and metal ions from
wastewater is a prominent technology [9]. Various agricultural products and by-products have been investigated to
remove dyes from aqueous solutions. These include cotton
waste, rice husk, bark [10], peanut hull [2], orange peel [11],
sugar cane dust [12], corncob, barley husk [13], tree fern
[14]. The obvious advantage of this method is lower costs
involved. New economical, easily available and highly effective adsorbents are still needed.
This study investigated the use of cotton stalk and
apricot seed as a biosorbent for color removal of dyes
from aqueous solutions. These materials were chosen
because of their large amount availability and their basic
cellulosic structure. The dyes selected as sorbate were
Astrazone Blue and Astrazone Red. The aim of the paper
was to develop low-cost adsorbents for an inexpensive
dye-removal
technology. The effect of various operating parameters on dye
removal such as initial pH and dye concentration, adsorbent amount and adsorbent particle size were studied
and optimal experimental conditions were examined. The
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main purpose of decolorization is detoxification, because
dyes in textile wastewater are very recalcitrant and may
be
inhibitory to microbial consortia of convenential treatment [15].
Another purpose of present study was to test the toxic effect
of Astrazone dyes on a soil bacterium P. aeruginosa ATCC
10145 before and after treatment with agricultural wastes.
MATERIALS AND METHODS

+

CH3
N
N

CH3

N

H3C

Two agricultural residues, cotton stalk and apricot seed
were used. Cotton stalk and apricot seed were collected
from fields in around East and Southern East Turkey. The
agricultural wastes were ground and the size distribution
was determined by using a sieve (particle size; 25-60-100270 British Standard Sieve (BSS) mesh).
Preparation of dye solution

The dyes used in the present study are cationic dyes supplied by the IPAS Textile Co., Turkey and their structures
are shown in Figure 1 [15]. Astrazone Blue dye compound
is a mixture of azacyanine/oxazine dyestuff and contains an
azo dye of C.I. Basic Blue 159 and C.I. Basic Blue 3. Astrazone red also known as C.I. Basic Red 46 is an azo dye
preparation.
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FIGURE 1 - Chemical structure of dyes.

The dye stock solutions were prepared by dissolving
accurately weighed dyes in distilled water to the concentration of 500 mg L-1. The experimental solutions were obtained by diluting the dye stock solutions in accurate proportions to different initial concentrations.
Decolorization experiments

Decolorization experiments were carried out on a rotary
shaker at 150 rpm and 30°C using 250 ml flaks containing
50 ml of different concentrations and initial pH values of
dye solutions. The initial pH values of the solutions were
previously adjusted with 0.1 M HCl or NaOH using a pH
meter. Different doses of agricultural wastes were added
to each flask. After shaking the flasks for 30 min., agricultural wastes (cotton stalk and apricot seed) were separated
by centrifugation. The absorbance of the supernatant solution was estimated to determine the residual concentration.
Residual dye concentration was determined using absorbance values measured before and after the treatment with
spectrophotometer. Results are the mean of at least three
replicates.
Toxicity assay

Pseudomonas aeruginosa ATCC 10145 which is a
soil bacterium was used to test the toxicity of treated and
untreated dyes. For this, P. aeruginosa was incubated for
18 h at 37°C in nutrient broth medium. Each toxicity test
was carried in test tubes in a final volume of 5 ml, containing 100 µl bacterial suspensions, 1 ml nutrient broth
and the dye sample to be tested [16]. After incubation for
24 h at 37°C, viable cell counts (colony forming units, cfu
ml-1) were estimated by plating on nutrient agar plates. Samples of 100 µl were taken from the tubes and serial dilutions were prepared with saline. 100 µl of the diluted sample was spread onto duplicate nutrient agar plates. The plates
were incubated at 37°C for 24 h and then the numbers of
viable cell counts were expressed as mean colony forming
unit per ml (cfu ml-1).
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RESULTS AND DISCUSSION

particle size becomes smaller, resulting in higher adsorption
[17]. The most effective adsorbent particle size for cotton
stalk and apricot seed was 100 and 270 mesh, respectively.

Effect of adsorbent particle size and adsorbent amount on
decolorization

To investigate the effect of particle size and the amount
of cotton stalk and apricot seed on dye removal, agricultural
wastes in the range 0.1-1.0 g 50 ml-1 and 25-60-100-270
mesh particle size were subjected to decolorization tests in
the test solution while keeping the initial dye concentration
(50 mg L-1), temperature (30°C), agitation (150 rpm) and pH
(natural) constant for 30 minutes (Table 1 and 2). As shown
in Table 1 and 2, the percent decolorization was increased
with adsorbent dose. 0.5 g 50 ml-1 of agricultural wastes
was selected as the sorbent dose in the further experiments.
The use of a smaller sorbent dose may be a more economically viable option. For both the adsorbents the sorption of
the dye increases with decreasing particle size. This can be
due to the larger specific active surface of small particle. It
appears that large molecules of dyes are not able to penetrate into some of to interior pores of the particles when their
size is large. Apparently access to all pores is facilitated as

Increase in the dye removal with adsorbent dose can be
attributed to increased adsorbent surface area and availability of more adsorption site [18]. Similar results were reported
by Gupta et al. [19] and Gong et al. [2] for decolorization
of Quinoline yellow and three anionic dyes, respectively.
Effect of pH on decolorization

The effect of initial pH on the dye removal capacity
of cotton stalk and apricot seed was investigated in the pH
range 2.0-7.0. To study the effect of the pH on decolorization capacity of cotton stalk and apricot seed, the experiments were carried out at 50 mg L-1 initial dye concentration with 0.5 g 50 ml-1 adsorbent mass (100 mesh for cotton
stalk and 270 mesh for apricot seed) at 30 °C for 30 min.
time and 150 rpm (Figure 2 and 3). As shown in Figure 2

TABLE 1 - Effect of adsorbent particle size and adsorbent amount of cotton stalk on dye removal (%).
Dye Removal (%)
Particle Size (mesh)

Adsorbent amount
(g 50 ml-1)
Dyes
Astrazone Blue

Astrazone Red

25
48
75
90
94
50
76
91
94

0.1
0.2
0.5
1.0
0.1
0.2
0.5
1.0

60
71
86
92
95
69
88
94
95

100
82
90
95
95
79
92
94
93

270
87
91
90
89
85
93
94
92

TABLE 2 - Effect of adsorbent particle size and adsorbent amount of apricot seed on dye removal (%).

Dyes
Astrazone Blue

Astrazone Red

Adsorbent
amount
(g 50 ml-1)
0.1
0.2
0.5
1.0
0.1
0.2
0.5
1.0

Dye Removal (%)
Particle Size (mesh)
25
14
23
55
78
7
12
42
67

60
25
51
82
92
13
29
68
87
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100
47
74
92
95
37
42
87
94

270
76
84
96
96
51
82
94
95
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orization capacity at pH 2.0 may be due to hydrolysis of
the adsorbent in solution. Also, lower adsorption of dyes at
acidic pH is due to the presence of excess H+ ions competing with dye cations for the adsorption. Yesilada et al. [20]
reported that Astrazone Red was easily decolorized in all
the initial pH values used (pH 6-11). Garg et al. [21] reported
the similar values of pH range 2 to 10 with methylene blue.

Astrazone blue Removal (%)

120
100
80
60

Cotton
stalk

40

Effect of initial dye concentration on decolorization

120

The influence of the initial concentration of dye in solutions on removal of dyes was studied. The experiments
were carried out at fixed adsorbent dose (0.5 g 50 ml-1) in
the test solution, 30°C temperature, natural pH, fixed agitation (150 rpm) for 30 minute time at different initial concentration of dye (50, 100, 200, 300, 400, 500 mg L-1). The
removal of dyes by two agricultural wastes was clearly
dependent on the initial dye concentration of the solution
(Figure 4 and 5). But, the percentage of dye removal by
cotton stalk was high when compared to apricot seed in
the range of 50-500 mg L-1.

100

Antibacterial effect of untreated and treated dyes

Apricot
seed

20
0
2

3

4

5

6

7

pH

Astrazone red Removal (%)

FIGURE 2 - Effect of pH on removal of Astrazone blue
dye by cotton stalk and apricot seed.

Dyes can be toxic to many organisms in the aquatic
and soil environment. Therefore, the elimination of the dyes
in wastewater is an important objective in the search for a
method to eliminate its pollution properties. Antimicrobial
effect of the treated dyes on P. aeruginosa was tested to
evaluate the toxicity after decolorization by cotton stalk.
In our study it was shown that the dyes used were toxic and
their toxic effects increased with an increase in concentration. It appeared that the treated dyes were less toxic. The
removal of Astrazone Blue and Astrazone Red with cotton
stalk reduced the toxic effect on P. aeruginosa (Table 3).
This reduction in toxic effect is important both in respect of
environmental biotechnology and waste detoxification.

80
60
40

Cotton
stalk

20

Apricot
seed

0
2

3

4

pH

5

6

7

FIGURE 3 - Effect of pH on removal of Astrazone Red
dye by cotton stalk and apricot seed.

and 3 the dye adsorption efficiency was not affected by pH
except minor variation in the pH of 2-7. But, the low decol120
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FIGURE 4 - Effect of initial dye concentration on removal
of Astrazone blue by cotton stalk and apricot seed.
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FIGURE 5 - Effect of initial dye concentration on removal
of Astrazone red by cotton stalk and apricot seed.

TABLE 3 - The effect of untreated and treated (decolorized) dyes by cotton stalk on the growth of P. aeruginosa.
Viable Cell Number (cfu ml-1)
Astrazone Blue

Astrazone Red

Untreated

Treated

1.34 x 1010

1.53 x 1010

Untreated

Treated

1.21 x 1010

2.22 x 1010

Dye (mg L-1)
50

9

2.07 x 1010

2.31 x 10

200

2.60 x 108

2.34 x 109

2.95 x 107

1.29 x 109

300

1.33 x 10

5

9

0.0

1.36 x 109

400

1.24 x 104

1.02 x 109

0.0

2.80 x 108

500

4

8

0.0

2.56 x 108

1.75 x 10
2.44 x 10

Moawad et al. [22] reported that high concentration of
azo dyes eliminated microbial colonies due to high frequency of mutation. Apohan and Yesilada [15] reported
that the toxicity of azo dyes could be removed by fungal
treatment. Recently, some researchers reported the reduction of toxicity of various dyes after fungal treatment [23,
24]. But, there is no information regarding antimicrobial
activity of astrazone dyes after decolorization by agricultural wastes. Further toxicity tests are required to support
these findings.

2.75 x 10

9

100

1.12 x 10

2.18 x 10

10

most physico-chemical techniques used earlier have several shortcomings which include excess amounts of chemical usage or sludge generation with obvious disposal problems, costly plant requirements or operating expenses [3].
The results obtained in this paper for the mechanisms involved in dye removal can be considered as a fundamental
step for the representation of the experimental behavior and
for development of process design. In addition, decolorization and detoxification ability of the agricultural wastes
could be advantageous to integrate decolorization process
prior to conventional processes.
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