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GENOTOXIC ASSESSMENTS OF
TIGRIS RIVER SURFACE WATER WITH
Salmonella MUTAGENICITY AND SOS-CHROMOTESTS
Veysel Tolan1 and Birol Otludil2
1

Dicle University, Faculty of Science and Art, Department of Biology, 21280 Diyarbakır, Turkey
2
Dicle University, Faculty of Education, Department of Biology, 21280 Diyarbakır, Turkey

SUMMARY
Two in vitro tests (Salmonella/microsome mutagenicity test and SOS chromotest), one for bacterial mutagenicity and one for primary DNA damage, were assayed to determine the genotoxic activity of surface water of Tigris
river. In the Salmonella test, all water samples, presence
and absence of S9 mix, showed mutagenic activity on Salmonella typhimurium TA 98 and TA 100. All samples tested with the SOS-chromotest were not found to induce primary DNA damage in E. coli PQ37. For each sample, the
sensitivity of the tests indicated that SOS-chromotest is
less sensitive than Salmonella assay.

KEYWORDS: Genotoxicity, Salmonella mutagenicity test, SOSchromotest, surface water genotoxicity.

INTRODUCTION
The presence of mutagenic and carcinogenic compounds in water has been raised as consequence of the
rapid increase of anthropogenic material flows, as well as
industrial, agricultural, domestic activities, and the widely
use of synthetic chemicals. These compounds, which are
discharged into the aquatic environment, are either toxic
or have only visible long-term effects. Several researchers
have reported on a possible correlation between cancer
and the presence of micropollutants in drinking water [1].
The presence of genotoxic compounds in the environment
can also have adverse effects on ecosystems like enhanced
incidences of neoplastic diseases and reduction of reproductive success [2, 3]. The genotoxicity of a complex mixture is possibly different from the sum of the effects of the
components [4, 5].
Short-term tests were developed in the last two decades,
to evaluate the genotoxic potency of several environmental
samples [6]. The short-term bacterial assays are useful to
give an estimation of the genotoxic potential of such complex substrates.

Bacterial short-term assays, developed for genotoxicity screening and monitoring of biological mixtures and
chemicals, can be applied with minor efforts for genotoxic
testing of water samples. In contrast to chemical analysis,
it is possible to detect the combined effects of all compounds present in a sample, including unknown substances,
degradation of product metabolites, and synergistic or antagonistic effects [7].
In the present study, the following two genotoxicity
assays were chosen.
The Salmonella/microsome mutagenicity test (called
Ames test) has been used to determine the mutagenicity of
complex environmental and biological mixtures. The Salmonella/microsome mutagenicity test is an in vitro test
detecting point mutation on S. typhimurium in liquid medium. This test is very well studied to search for mutagenicity in water samples [6, 8, 9]. Salmonella TA 100, together
with TA 98, are the most commonly used strains for the
detection of mutagens in water samples.
The SOS-chromotest is an in vitro assay showing
primary DNA damage on E. coli PQ37. This assay is a
simple, efficient and rapid genotoxicity test that can easily
be adapted to the study of environmental water samples
[10-13].
The aim of this study was to test the genotoxic potential of the surface water of Tigris river by using these two
different microbial genetic systems in vitro.
MATERIALS AND METHODS
Chemicals

Benzo[a]pyrene (B[a]P), 9-aminoacridine, daunomycine, p-nitrophenyl phosphate disodium salt (pNPP), 5-bromo-4-chloro-3-indolyl-ß-D-galactoside (Xgal), and nicotinamide adenine dinucleotide phosphate (NADP) were obtained from Sigma. 4-Nitroquinoline1-oxide (4-NQO) and
sodium azide (NaN3) were from Fluka, whereas O-nitro-
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FIGURE 1 - Map of the sample sites along the Tigris river (in map)
(I: Maden Copper Factory , II: City center, and III: after Alcohol Factory).

phenyl-ß-D-galactopyranoside (ONPG) and the solvent
used (dimethyl sulfoxide; DMSO) were purchased from
Merck.
Sample sources

The surface water samples were collected from the
Tigris river at several locations and different periods in
2000 (Fig. 1), near the Maden Copper Factory (I), the city
center (II) and the Alcohol Factory (III). 700 mL of water
was collected from each site, and processed in the laboratory on the same day. The chemical and heavy metal analyses of water samples were performed with HACH
DR/2000 Direct Reading Spectrophotometer and Atomic
Absorption Spectrophotometer (AAS). The absorbance
values of each element used in AAS are given in Table 1.
TABLE 1
The absorbance values of each element used in AAS.
Elements
Co
Cu
Mn
Ni
Pb
Zn
Fe

Absorbance value (nm)
240.7
324.8
279.5-4303.0
232.0
217.0
213.9
248.3-305.9

Berkeley, CA, USA), and their genetic backgrounds were
controlled every 6 months as described in [14, 15]. Both
strains were used with and without addition of rat hepatic
metabolic fraction S9 mix [16].
The Escherichia coli PQ37 tester strain was purchased
from the Institut Pasteur (Paris, France). This tester strain
has been characterized by Quillardet et al. [17].
Salmonella/microsome mutagenicity test

The Salmonella test was performed according to the
OECD guidelines [18]. Two different treatments were conducted; without metabolic activation (-S9 mix) and with
metabolic activation (+S9 mix). S9 mix is a mammalian
liver tissue that is used in Ames test to provide a first approximation of mammalian metabolism. S9 mix, used routinely for general mutagenesis screening, has been prepared
according to Maron and Ames [16]. The cultures were
grown in 20 mL of Oxoid nutrient broth no. 2, and 0.5 mL
of ampicilline (1 mg/mL) for TA 98 and TA 100 strains.
The cultures were incubated for 10-12 h at 37 ºC in a gyratory incubator, in order to insure adequate aeration.
The positive controls were 1 µg/plate NaN3 for TA 100,
and 5 µg/plate daunomycine for TA 98. Compounds were
tested using 4 concentrations depending on the samples
tested.

Tester strains

The strains TA 98 and TA 100 were obtained from the
laboratory of Dr. Bruce Ames (University of California,

The bacterial strains were exposed to a range of concentrations of the test compounds in absence or presence
of S9 mix in a soft agar overlay. Briefly, for each Petri plate,
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100 µL aliquots of 13-h cultures of the strains were mixed
in 2 mL of top agar with 100 µL of test compound formulation, and, for the activated tests, with 500 µL of S9 mix
in the following order: test compound, top agar, bacteria,
S9 mix. The tubes were swirled and poured on 90-mm
Petri plates. The culture plates were incubated at 37 oC for
48-72 h.
SOS-Chromotest

The SOS-chromotest was performed according to
Quillardet and Hofnung [19]. In brief, 100 µL of a 13-h
overnight culture of E. coli PQ37 was diluted with 5.1 mL
La-medium (L-medium + ampicillin), and incubated until
a transmission of 40% at 600 nm was reached (corresponding to 200 x 106 cfu/mL). This culture was diluted 1:40 with
L-medium resulting in 5 x 106 cfu/mL. Test substances and
cultures were incubated for 2.5 h at 37 ºC, and after incubation, the mixtures were divided into two series (one for
ß-galactosidase activity measurement = induction assay,
and the other for alkaline phosphatase activity = control of
protein synthesis). Activity of ß-galactosidase was determined after the addition of 2.7 mL of B buffer and 600 µL
ONPG as substrate. Constitutive alkaline phosphate activity was determined after addition of 2.7 mL of P buffer and
600 µL pNPP as substrate. All mixtures were incubated at
37 ºC for 25 min in a waterbath. Afterwards, photometrical determinations were performed at 405 nm [17, 19].
Calculations of test results

Salmonella/microsome assay: All experiments were replicated three times. The results are reported as mean values ± standard errors. Dose-specific data obtained from
Salmonella/microsome assay tests [revertants/plate] were
used for regression analysis.
Averages and standard deviations of induced and spontaneous mutants (4 replicates) were determined for calculation of the inductions:

Induction=

number of induced mutants
number of spontaneous mutants

Standard deviations (SD) were calculated by error
multiplication.
For the Salmonella assay, where bacteriotoxic effects
are not determined experimentally, data were fitted to the
linear exponential dose-response model proposed by Leroux
and Krewski [20].
SOS-chromotest: Responses of this test were calculated
as ratios of β-Gal (ß-galactosidase) and ap (alkaline phosphate) activities.
The genotoxic activity for concentration c may be expressed as ratio
Rc=β /p
where β represents β-galactosidase activity.
The induction factor (IF) for a compound at concentration c is defined as
I = Rc / Ro
(Ro = spontaneous ratio measured in blank test = solvent control).
Experiments were performed with and without metabolic activation mixture for every pesticide tested. In
order to ensure the validity of the assay, a positive control
was included in each experiment. The positive controls
used were 4-NQO (1 µg/mL) without S9 mix and B[a]P
(30 µg/mL) with S9 mix. Compounds were tested using 4
doses depending on the pesticides tested.
RESULTS
The results of the heavy metal and chemical analyses
of surface water of Tigris river are shown in Tables 2 and 3.
Cd, Pb and Mn were not determined at measurement limit
in water samples taken from each location. These findings
had similarity to early studies [22].

TABLE 2
Chemical analysis results of the surface water of Tigris river done with direct reading spectrophotometer.
I. Station
II. Station
III. Station

NO3-(mg/L)
2.3
2.8
21

Cl- (mg/L)
23
30.7
20

SO42- (mg/L)
50
70
43

Ca2+(mg/L)
38.72
40
37.72

Mg2+(mg/L)
16.40
18
17.3

TABLE 3
Heavy metal analysis results of the surface water of Tigris river performed with AAS.
I. Station
II. Station
III. Station
Gümgüm et al. [22]
ND: Not determined

Mn
ND
ND
ND
ND

Ni
ND
ND
ND
0.80

Pb
ND
ND
ND
0.40
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Zn
0.05
0.09
0.02
0.14

Cd
ND
ND
ND
ND

Co
ND
ND
ND
0.1

Cu
0.02
0.02
0.08
0.04

Fe
0.15
0.1
1.04
ND
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TABLE 4 - Results of surface water samples of Tigris river tested with and
without S9 mix in Salmonella typhimurium TA 98 and TA 100 strains.
Dose
(µL/plate)

Substance

100
10
1
0.1
100
10
1
0.1
100
10
1
0.1

I. station

II. station

III. station
Control
Daunomycine
Sodium azide

5 µg/mL
1.5 µg/mL

Revertants
TA 98
S9+
59.7±3.7
167.6±34.6
235.8±72.6
158.2±33.4
19.5±4.3
157.7±33.3
248.9±53.6
147.2±34.8
21.4±7
179.5±58.3
216.3±94
169.2±41.3
42.5±12.5
1606.3±477.3
-

TA 100

S948.2±4.5
142.4±37.9
221.7±78.2
159.3±59.8
23.9±9.2
144.3±45.8
242.1±52.4
158.3±36.2
25.7±7
68.2±24.4
181.6±45.2
184.3±47.4
41.1±14.3
1302.9±468.1
-

Different concentrations were evaluated when the assay was carried out with Salmonella, both in the presence
and absence of metabolic activation, depending on the results obtained in the preliminary toxicity dose range test.
The revertants obtained at each concentration and treatments were scored manually in the Ames test. The acute observation, under a magnifying glass, of the bacterial lawn
in each culture dish was used to check for possible toxicity of the treatment. Spontaneous reversion of the tester
strains to histidine independence was measured routinely in
mu-tagenicity experiments, and expressed as number of
spontaneous revertants per plate. All water samples were
tested with and without S9 mix.
All the samples showed positive results with Salmonella typhimurium TA 98 and TA 100.
Mean number of revertants of substances tested, the
reference mutagens and the negative control with their corresponding standard deviations were determined.

1.	
  S tation

S9+
159,2±20.7
197,4±19.6
235,5±42.6
188,1±25.4
40,6±8.2
113,2±28.2
460,1±87.8
515,5±102.7
30,8±9.5
651,08±135.1
416,3±121.4
430,8±133.3
159.6±22.1
-

S9228,1±89.5
132.8±37.9
171,5±28.2
139,3±29.8
32,2±4.6
412,1±89.1
186,2±28.4
415,3±97.6
32,2±14.6
434,4±109.4
547,2±128.6
525,2±123.0
152.9±25.1
1180.1±378

Each sample was assayed with four replicate plates at
each dose (Table 4). The results show the mean values and
standard deviations (SD) of them. The concentration of the
bacterial suspension was 0.7-2.5x109 cfu/mL. Criteria for a
positive test result were as follows: at least double in number of spontaneous revertants (factor >2) and a dose-response effect compared to the spontaneous mutation frequency.
As shown in Table 4, the doses of 10, 1 and 0.1 mL/
plate samples from stations I., II. and III. were found to be
genotoxic, with and without S9 mix on Salmonella typhimurium TA 98 and TA 100.
No genotoxic activity was detected by the SOS-chromotest in all samples. The results of surface water samples of Tigris river in SOS-chromotest are presented in
Fig. 2.

2.S tation

3.S tation

1,6
1,4

Induction Factor

1,2
1
0,8
0,6
0,4
0,2
0
0

0,1

1

10

100

250

500

Dose (µL/Petri)

FIGURE 2 - The results of surface water samples from Tigris river stations (SOS-chromotest).
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DISCUSSION AND CONCLUSIONS
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The constant development of industrial, agricultural
and domestic activities has increased the risk of fresh
water and ground water contamination. A number of compounds discharged into the aquatic environment are toxic,
or have effects, only noticeable in long-term application.
Indeed, several studies have shown a possible correlation
between some cancers and presence of micropollutants in
drinking water [1]. These considerations stress the importance of controlling the potential harmful effects of
fresh water and drinking water.
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To avoid a concentration step of water sample prior
to testing (which may quantitatively and/or qualitatively
modify its genotoxic activity), the assays to be used in testing water samples should be sensitive enough to detect
very low levels of genotoxicants [6].
The surface water of Tigris river was chosen due to
its agricultural and environmental significance. In this work,
we used short-term bacterial assays to screen the possible
mutagenic effects of Tigris river surface water.
Chemical analysis of Tigris surface water did not indicate a high degree of contamination. On the other hand,
in the aquatic environment, micropollutants are including
many genotoxic agents. These substances could be unknown, degradation products, metabolites, and have synergistic or antagonistic effects when present in a sample.
In our study, different concentrations were evaluated
when the assay was carried out with Salmonella (microsome test), both in presence and absence of metabolic
activation mixture. As demonstrated in Table 4, all of the
samples tested revealed positive results for both strains of
Salmonella typhimurium, with and without addition of S9
mix. The SOS-chromotest (Fig. 2) did not show any genotoxic effect.
The action of samples did not result in the blockage
of DNA polymerase that would induce the SOS repair
system. The lower sensitivity of SOS-chromotest could be
due to this relatively short-term contact with the genotoxic
agents. It is more likely that high reaction of the Salmonella/microsome test may not be ascribed to the presence
of compounds that inhibit components of the SOS-chromotest. The complexity of mixtures makes the presence of
SOS-inhibiting compounds possible. By contrast, the Ames
test (performed with and without S9 mix) showed significant mutagenic activity of surface water samples on Salmonella typhimurium TA 98 and TA 100.
It is obvious that no single test is capable of detecting
all types of genetic damage. These observations are much
more pertinent, when genotoxic potency of complex mixtures, to be found in fresh or drinking water, should be
tested. This statement explains why several tests which
detect different genetic events on a variety of biological
materials should be carried out to monitor the mutagenicity of complex mixtures, such as fresh and drinking water.
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SUMMARY
Remote Sensing (RS) and Geographic Information System (GIS) technologies offer suitable tools for long-term
monitoring and assessment of land-use change. Turkey’s
Western Mediterranean region is an area of national and
international economic importance from natural, agricultural, historical and tourism perspectives. Recognizing these
facts, this study aims to identify and highlight temporal
land-use changes in the Belek Special Protected Area indicating common land-use tendencies of the Western Mediterranean region. Land-use changes and transformations in
the last 23 years were determined using RS and GIS technologies with high-resolution satellite images and aerial
photographs. The study area is approximately 13.000 ha,
and 13 different land-use classes were identified as well as
changes in each class analyzed between 1981-2004. Results indicate that forest areas decreased from 627.1 ha in
1981, to 624.9 ha in 1992, and 219.3 ha in 2004. Similarly, stable coastal dune areas decreased from 387.9 ha in
1981, over 324.9 ha in 1992, to 195.1 ha in 2004. In contrast, tourism and secondary residence area land-use increased rapidly from 13.0 ha in 1981, to 231.0 ha in 1992,
and 1052.5 ha in 2004. In general, a reduction of natural
and agricultural land classes by human activity was observed in the last 23 years, and most of this land appears
to be converted to tourism and secondary residence use.
Specifically, between 1981 and 2004, land-use changed the
Belek Special Protected Area exhibiting a 65 % reduction
in forest areas, 50 % reduction in stable coastal dune areas,
and an 800 % increase in tourism and secondary residence
areas. According to these findings, almost all converted
areas were degraded by human activity without consideration of sustainable land-use principles, causing serious environmental problems for the natural resources of the region, which cannot be recovered. Although this region is
protected by law, negative tendencies cannot be prevented
by the existing law. Therefore, legally based land-use planning that takes into account the region’s socio-economic
conditions, is necessary to protect this region.

KEYWORDS: Remote sensing, Geographic Information System,
land-use, change detection, CORINE.

INTRODUCTION
Land-use is a result of human policy, and reflects human values, interests, and priorities with respect to the land.
Long-term land-use is affected by economic considerations,
political goals and social changes [1]. Land covers itself,
and natural alterations of land and human beings play a
major role in global-scale patterns of climate and biogeochemistry of the Earth’s systems. Land-use and land-cover
changes have a direct effect on land management practices,
economic health, and social processes of concern at the
national and global level. Several studies attempted to use
digital satellite sensor data to address detection of landuse/land-cover changes [2, 3]. Land-cover classifications,
multi-data classification, image differencing/rationing, vegetation index differencing, principal component analysis,
change vector analysis, and visual interpretation procedures
have been employed for land-use and land-cover change detection [4].
Recently, land-cover change detection became one of
the most popular topics in remote sensing research and
development [5]. Remote Sensing (RS) technologies and
Geographic Information Systems (GIS) have been used effectively in many different applications concerning landuse and land-cover change. These systems are used for more
detailed analysis of collected land-use information. Remotely
sensed data, obtained by sensors from high-altitude platform, such as the Landsat satellite, could be a good alternative to ground survey approaches [6, 7]. However, to date,
land cover-classification from satellite sensor images has
been limited due to relatively coarse spatial resolution of
the images available. This difficulty is alleviated by currently available fine spatial resolution satellite sensor images,
such as IKONOS, Quickbird and Orbwiev-3, that are capa-
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ble of generating multispectral images with spatial resolutions as fine as 1-4 m. This remotely sensed high-resolution
data increased the accuracy and detail of information provided by change detection applications [8].
The change in land-use is the result of urbanization,
which causes a number of urban environmental problems,
reflecting the direct and indirect interactions between human activities and the natural environment. Studies on the
mechanisms of land-use change associated with industrialization and urbanization are essential not only for detecting the global environmental changes, but also for formulating sustainable development strategies on a local scale.
Remote sensing techniques for measuring urban areas and
estimating urban population have been used since the
1950s. [3].
Mathew [10] reported that land-use change detection
with different remote sensing data and GIS analyses is very
efficient for assessing the changes or degrading trends of
rural or urban regions. Change detection involves the use
of multi-date (time series) aerial photos or satellite imagery
of the study area, from which land-use maps can be generated by visual interpretation or digital image processing.
GIS analysis provides the absolute area of each land-use
class as well as the change in the area, through the overlay
operation.
During the last two decades, tourism has evolved into
one of the most important sectors in Turkish economy. In
recent years, tourism-related accommodation capacity increased very rapidly, placing Turkey 16th among the 40
most developed countries in tourism. More than 80% of
tourists’ movement in Turkey takes place on the Mediterranean coast. The potential environmental impacts from
this increased tourism activity are highly important for the
sustainable management of coastal regions [11].
The study area, the Belek region, is located to the east
of Antalya, the biggest city on the southwestern Mediter-

ranean coast of Turkey, and it includes the Belek Special
Environment Protection Area (SEPA), which was declared
as one of the 14 SEPAs in Turkey by the Council of Ministers, in 1990. The study area has unique natural (ecological), cultural and historical characteristics, and valuable
agricultural areas. There are 574 different plant species registered in this area, and 29 of them are found only in Turkey. The Belek region is also known as a bird paradise
where 109 different bird species including the Tyto Alba,
a hooded owl being resident year-round and the symbol of
Belek region. The beaches in the region are regularly used
by aquatic turtles (Caretta caretta) for laying eggs [12].
Terrain usage conditions and dimensions in this area are
under pressure from specifically interested groups or sectors that are trying to claim Belek region as a tourist area. It
is anticipated that secondary residence and tourism sectors
will force a change in the nature, culture and socio-economic structure of this area [13]. Therefore, this study aims
to contribute to informed decision making for future landuse policies in the region by monitoring land-use changes
in the study area over a period of 23 years.
MATERIAL AND METHODS
Data

The data used in this study included 1/25 000-scaled
topographical maps, black and white aerial photos from
1981 and 1992 obtained from the General Command of
Mapping-Turkey (GCM), and an 1-m resolution pan-sharpened IKONOS color image from 2004.
Study Area

The study area is situated between the 31°04’ 53” and
31°21’ 08” East longitudes, and 36°48’ 08” and 37°06’
33” North latitudes (Fig. 1), and covers nearly 13,000 hectares of land, containing 5 municipalities, 5 villages as well

FIGURE 1 - Map of the study area obtained from ASTER/TERRA Image (2005).
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as their associated districts. There are mainly hotels, secondary residence structures, and golf courses in the southeast and southwest parts of the study area, but mostly agricultural land and scattered settlements of local people in
the middle and northern parts (Fig. 1).
Methodology
Determination of Land Use Types

This study evaluates the effectiveness of high-resolution satellite data and computer-aided GIS techniques in
assessing the land-use change dynamics within the study
area, from 1981 to 2004. The methodology included the
visual interpretation of land-use based on its classification.
Determination of land classes occurred in two stages.
In the first stage, the CORINE (Coordination of Infor-

mation on the Environment) legend was used in the scale
of 1:25000 for identifying land classes [14]. CORINE was
established by the European Union as a land-cover/use definition hierarchy. One of the main purposes of the program
is to bring standardisation to studies on the environment
and its change that have been carried out over the years at
different levels (international, within European Union, national, and regional). A land-use classification scheme was
composed based on CORINE using ecological and sociocultural characteristics of the region. The resulting land-use
classification scheme is presented in Table 1.
In the second stage, the identified land-use borders
were interpreted stereoscopically by using black and white
aerial photos from 1981 and 1992, and interpreted visually
by using pan-sharpened IKONOS satellite images.

TABLE 1 - Land use classification scheme.
Level 1

Level 2

1. Artificial Surfaces

1.1. Urban Fabric

2. Agricultural Areas

2.1 Arable Lands
3.1. Forests

3. Forest and Semi-Natural Areas
3.2. Open spaces with little or no vegetation

4. Wetlands

4.1 Inland Wetlands

Level 3
1.1.1. Settlement Places (yY)
1.1.2. Tourism and Secondary Residence (Trz-II.Knt)
2.1.1. High Agricultural Lands (yT)
2.1.2. Base Agricultural Lands (tT)
3.1.1. Coniferous Forest (Or)
3.1.2. Maquis-Forest (MO)
3.1.3. Maquis-Forest-Agriculture (MOT)
3.2.1 Beach (pl)
3.2.2. Stable Coastal Dunes (Stbl-Kml)
4.1.1.Permanent Wetland Areas (dS)
4.1.2. Short-time Wetland Areas (kmS)
4.1.3. Long-time Wetland Areas (uMs)
4.1.4. Salt Marsh Areas (Tu)

RESULTS AND DISCUSSION

Establishing Data Sets Based on Remote Sensing and GIS

In order to observe the temporal changes of land-use in
the study area, the topographic map published in 1986, 12
aerial photographs (1:20000-scaled) gathered in 1981, 4
aerial photographs (1:40000-scaled) gathered in 1992 and
obtained from General Command of Mapping-Turkey
(GCM), and 1-m resolution pan-sharpened IKONOS color
images dated 2004 were used. The study was conducted in
several consecutive phases. In the first phase, topographic
maps are georeferenced by using a map sheet index. Sixteen aerial photographs were scanned and transferred to
digital environment. Secondly, these photographs and
IKONOS images were georeferenced by using topographic maps. After georeferencing the aerial photographs and
IK-ONOS images, these data were resampled according to
sec-ond-order polynomial transformation method.
The final step in the data preparation phase was the
mosaicking of the frames of aerial photographs and IKONOS images. Finally, land-cover/use boundaries were determined from aerial photographs and IKONOS images
by visual interpretation, and stored in vector format on the
computer environment [2].

Based on the stereoscopically interpreted aerial photos dated 1981, there were 260.4 ha of settlement places,
571.9 ha of maquis forest areas, 533.0 ha of maquis-forestagriculture complexes, 627.1 ha of coniferous forest areas,
387.9 ha of stable coastal dunes, 13.0 ha of tourism and
secondary residence structures, 767.5 ha of salt marshes,
5.9 ha of permanent wetland areas, 153.4 ha of long-time
wetland areas, 816.9 ha of short-time wetland areas, and
317.3 ha beach. Agricultural areas, which comprised a
large portion of the study area, were grouped in two different classes as high agricultural lands, 3202 ha, and base
agricultural ones, 4705.4 ha (Fig. 2).
As interpreted from the aerial photos dated 1992, there
were 302.7 ha of settlement places, 512.3 ha of maquisforest areas, 570.0 ha of maquis forest-agriculture complexes, 624.9 ha of coniferous forest areas, 324.9 ha of
stable coastal dunes, 231 ha of tourism and secondary residence structuring, 758.8 ha of salt marshes, 5.9 ha of permanent wetland areas, 153.4 ha of long-time wetland areas,
761.7 ha of short-time wetland areas, and 317.3 ha beach.
Finally, while high agricultural lands were determined to

1328

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

cover 3140.6 ha, base agricultural ones covered 4658.1 ha
(Fig. 2).
According to the visually interpreted Ikonos satellite
image dated 2004, there were 324.6 ha of settlement places,
482.8 ha of maquis forest areas, 622.8 ha of maquis forestagriculture complexes, 219.3 ha of coniferous forest areas,
195.1 ha of stable coastal dunes, 1052.5 ha of tourism and
secondary residence structures, 757.3 ha of salt marshes,
5.9 ha of permanent wetland areas, 159.6 ha of long-time
wetland areas, 726.7 ha of short-time wetland areas, and
313 ha beach. High agricultural lands covered 2947.3 ha,
but base agricultural lands 4555.6 ha, in 2004 (Fig. 2).
As identified from the data, significant change in land
use was observed over a period of 23 years between 19812004.
The Belek region study area was approximately
13,000 ha, and covered by settlement places (yY) determined for the years of 1981, 1992 and 2004 as 260.4 ha,
302.7 ha, and 324.6 ha, respectively. This increase in settlement land-use (24.6%) is interpreted to be the result of
dense migration to the region and/or increased tourism
pressures in the last 23 years. Agricultural lands, covering

most of the study area, were classified in two main groups:
base agricultural lands (tT), and high agricultural land (yT).
Irrigated farm practices in the research area mostly occur
on tTs defined as alluvial soils, while non-irrigated farm
practices mostly spread over yT soils. Base agricultural land
cover was 4,705 ha in 1981, 4,658 ha in 1992, decreasing
further to 4,555 ha in 2004. High agricultural land cover
was determined to be 3,202 ha in 1981, 3,140 ha in 1992,
and 2,947 ha in 2004. Within this period, a 3.2% decrease
in base agricultural land cover and an 8.0% decrease in high
agricultural land cover were observed. The primary reason
for this land-use change appears to be density in migration
and/or increased pressure from the tourism sector.
Turkish government spent a significant amount of funds
on infrastructure in base agricultural lands in this area, since
the majority of these spreading delta-based soils are suitable for agricultural use. However, continuous agricultural
production is not possible there due to high ground-water
during a considerable period of each year. Occasionally,
there has been a lack of agricultural production due to the
formation of short (kmS) or long (umS) time wetland areas,
as well as permanent wetland areas (dS) in certain places.
While short-time wetland areas were estimated to cover

FIGURE 2 - Belek region land-use classes in 1981, 1992 and 2004.
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817 ha in 1981, they were reduced to 761.7 ha in 1992,
and, finally, to 727 ha in 2004. The total decrease between
1981 and 2004 was 11 %. The most important reason for
this land-cover reduction appears to be a dramatic increase
in construction of hotel and secondary residence structures. In long-time wetland areas, a 4 % increase was observed. These areas were estimated to cover 153 ha, 153 ha,
and 159 ha in 1981, 1992, and 2004, respectively. While a
certain proportion of short and long-time seasonal wetland
areas are used for summer time farming when they are drier,
the remaining portion, consisting of bushes and salt marshes, is left without any agricultural management.
Until recently, permanent wetland areas, particularly
characterized as feeding and sheltering places for migrating birds, were protected by the efforts of civil society organizations. However, recently, these efforts have been undermined by the tourism sector, and new resort constructions have started all around the area.
While a very small area has the characteristics of alluvial lands, it cannot be utilized for agricultural production purposes due to seasonal water accumulation or high
degree of salinity. These areas are named as salt marshes
(Tu), and were estimated to be 768 ha, 759 ha, and 757 ha
for 1981, 1992 and 2004, respectively (Table 2), thus reflecting a 1.3 % decrease from 1981 to 2004.
Until recently, the study area was covered with a flora
unique to the region. However, significant damage to the
natural land-cover, particularly in the last 23 years, took
place as a consequence of human activities. A considerable
amount of arable land was lost due to erosion, especially
in gentle to steeply sloping areas with shallow to very shallow soil cover. In addition, destructions by human activity
in the majority of coniferous forests (Or) and maquis forests (MO) were observed when analyzing the data. As an
example, maquis forest lands covered 572 ha, 512 ha, and
482 ha in 1981, 1992, and 2004, respectively, corresponding to an overall decrease of 15.7 % from 1981 to 2004. On

the other hand, 16.8% increase was observed in maquis
forest-agriculture complexes (MOt), which covered 533 ha,
570 ha, and 623 ha in 1981, 1992, and 2004, respectively.
Mostly, socio-economic tendencies are the reason for the
conversion of initially maquis and forest lands to agricultural ones, and then to urban and tourism settlements.
The most significant destruction in the study area was
observed in coniferous forest areas. Dramatic decrease was
observed, especially in the Pinus brutia forest cover on the
western part of the study area. In total, forested land-cover
was 627 ha in 1981, 625 ha in 1992, and reduced to 219 ha
in 2004. Unfortunately, today, these lands are allocated to
tourism-related structures, such as hotels, resorts, and golf
courses.
The majority of the beaches (pL) along the Mediterranean coast is characterized by active stable and partly stable coastal dunes (Stbl-Kml) used as summer tourism resorts. As a matter of fact, beach cover represented 317 ha in
1981 and 1992, but was computed only as 313 ha in 2004.
Given the remarkable decrease rate of 49.7% in stable
coastal dunes cover, computed to be 388 ha, 324 ha and
195 ha in 1981, 1992 and 2004, respectively, the most important agent of this change in beach cover is the construction of resorts and secondary residence places. Regions
along the coast are especially subject to tourism pressure,
which is clearly reflected in land-use change with regard
to tourism and secondary residence structuring (Trz-II.Knt).
In fact, although tourism and secondary residence land
class cover was extremely small in 1981, these areas increased to 231 ha in 1992. After 1992, an even larger increase was observed. In 2004, these areas reached 7,997 ha,
an 800 % increase.
Consequently, despite the 1990 declaration of the Belek
region as a Special Environment Protection Area (SEPA),
within a large part of the study area, an unplanned and uncontrolled change has been recognized, clearly pointed out
by the data presented in Table 2.

TABLE 2 - Land cover in 1981, 1992 and 2004, and land-use change from 1981 to 2004.
Land Use
Settlement Places (yY)
Maquis-Forest (MO)
Maquis-Forest-Agriculture (MOT)
Coniferious Forest (Or)
Stable Coastal Dunes (Stbl-Kml)
Tourism and Secondary residence (Trz-II.Knt)
Salty Areas (Tu)
Premanent Wetland Areas (dS)
Short time Wetland Areas (kmS)
Beach (pl)
Base Agricultural Lands (tT)
Long time Wetland Areas (uMs)
High Agricultural Lands (yT)
Total Area:

1981 (ha)
260.4
571.9
533.0
627.1
387.9
13.0
767.5
5.9
816.9
317.3
4705.4
153.4
3202.0
13000

1330

1992 (ha)
302.7
512.3
570.0
624.9
324.9
231.1
758.8
5.9
761.7
317.3
4658.1
153.4
3140.6
13000

2004 (ha)
324.6
482.2
622.8
219.3
195.1
1052.5
757.3
5.9
726.7
313.0
4555.6
159.6
2947.3
13000

Changes (%)
24.6
-15.7
16.8
-65.0
49.7
7997.8
-1.3
0.0
-11.0
-1.4
-3.2
4.0
-8.0
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CONCLUSIONS
In conclusion, when land-cover/use changes were examined in the study area (approximately 13000 ha), it was
observed that mostly maquis and coniferous forests, agricultural lands and many other natural and cultural plant
cover types were destroyed when being converted to tourism and secondary residence areas in the time interval from
1981 to 2004. Continuation of these insufficient land-use
policies will cause further destruction of ecosystems and
socio-economic structure in the study area to the point of
irreversibility. Although this region is protected by law, it
appears that the existing laws may not be sufficient to protect natural, cultural, historical, and agricultural land-uses
from competing interests. If these trends in land-cover and/
or land-use changes continue, natural and agricultural areas
in the study area will be irreversibly destroyed. Therefore,
legally based land-use planning considering environmental,
agricultural, cultural, social, as well as economic approaches
is necessary to balance land-use practices and protect this
region.
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ENVIRONMENTAL PLANNING FOR CLAM AQUACULTURE
AT THE LARGEST BAY OF NORTHWEST MEXICO
Giovanni Malagrino, Magdalena Lagunas-Vázquez and Alfredo Ortega-Rubio
Centro de Investigaciones Biológicas del Noroeste, Apdo. Postal # 128, La Paz, 23000, Baja California Sur, Mexico

SUMMARY
The coastal zone of Magdalena Bay, in Baja California
Sur, Mexico, was studied, using GIS and ecological planning methods, as a potential area where clam culture could
be developed. As a result, 7 sites were selected for their
suitability; field work was necessary to assess the precise
suitability of each site. By evaluating the results of our research we could determine the optimal places to develop
clam culture in the bay.

KEYWORDS:
Environmental planning, Bahia Magdalena, clam culture, Mexico.

economic [4], and natural systems [5, 6]. Mexico, being no
exception, has developed these activities at similar rates
going from 0 tons in 1984 to more than 62,000 tons in
2003 [7].
Moreover, it is expected that aquaculture activities will
increase explosively in the coming years. If aquaculture
activities flourish, as it is foreseen in this region, there will
be direct conflicts with artisan fishing activities, ecotourism and tourist activities foreseen to be carried out in the
region, and with the conservation of the environment, including sand dunes and mangrove fragile ecosystems.
MATERIALS AND METHODS

INTRODUCTION
There are more than 123 coastal lagoons in the Mexican
coastal zone covering an approximate area of 12,555 km².
The length of these lagoons represents between 30 % and
35 % of the 11,543 km of the Mexican coast. Magdalena
Bay, Mexico, is the largest bay in the Baja California peninsula (Fig. 1). The Bay is a lagoon system with three main
areas, the northernmost called Laguna Santo Domingo, the
central part Magdalena Bay, and the southernmost Almejas
Bay. The lagoon system has a total length of 250 km, covering an area of 2,200 km² that includes 1,453 km² of the
lagoon basin and 747 km² of mangrove forest, sand dunes,
and wetlands.
Currently Magdalena Bay is very important for the
economy of the state of Baja California Sur, 50 % of the
artisan fisheries activities are established in this zone. To
avoid conflicts between environmental and business we
studied and summarized the main biological, physical,
chemical and socioeconomic aspects of Magdalena Bay,
in order to determine where, and how, new clam culture
projects must be established.
Aquaculture world production has maintained a sustained growth in several countries for the last 15 years generating both positive and negative impacts on social [1-3],

Magdalena Bay lagoon system is located on the occidental side of the state of Baja California Sur. This lagoon
system is the most extensive and important of the whole
peninsula and within Mexico. It is located between 24° 17´
and 25° 40´ N and 111° 30´ and 112° 15´ W. The system is
made of wide areas of wetlands especially in Laguna Santo
Domingo and in Almejas Bay.
Because of the physiography of the system it is regarded as a natural shelter for marine flora and fauna, and
for small fishing boats. This zone is influenced by the California Current and by water that comes from the Equator,
being a transition zone characterized by high productivity
[8]; it is warm and dry, classified as a semiarid climate by
Coppell system. The annual average temperature is of 20 °C,
with a maximum of 41 °C in July-August, and a minimum
of 4 °C in January-February. The mean total annual average temperature is of 125 mm [9]. In the warm season
water temperature column varies between 23 and 28 °C,
while in the cold season it varies between 16 and 23.6 °C.
Maximum salinity, ranging from 37.3 to 39.2 ups, is found
in channels in the lagoon system, while minimum salinity,
from 34.0 to 34.5 ups, is registered in channels connecting
the system to the Pacific Ocean characterizing it as antiestuarine [10, 11]. Tides are semi-diurnal mixed. Maximum
and minimum dissolved oxygen level at the mouth of Magdalena Bay are of 6.85 and 3.68 mL/L respectively; con-

1332

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

centration of chlorophyll a fluctuates from 1.2 to 5.1 mg/m³;
phosphates vary from 3.09 to 0.62 µm, and water velocity
from 0.24 to 1 m/s [9].

ACS = Accessibility
NMST = Number of Months with Suitable Temperature for the Clam Culture
AVD = Average Depth
MCAS = Marine Current Average Speed
AAPD = Annual Average Phytoplankton Density
MSK = Marine Substrate Kind
The index of Lagunas & Ortega is the result of empirical field studies developed by the authors of this paper
and by the careful assessment of the ecological, environmental, socioeconomic and facilities characteristics of the
places where the optimal clam aquaculture activities are currently developed. In order to standardize the values obtained by this index, it is divided by the empirical value of
2.45. This way values obtained range from 0 to 100. The
rank values are shown in Table 1.
TABLE 1 - Rank value used to assess clam aquaculture suitability.
Variable
ACS

NMST

FIGURE 1 - Magdalena Bay location and selected
clam culture sites. Sites are described in Table 2.

AVD

From 2001 to 2003 the main characteristics of the area
were determined: climate, soil, geology, orography, morphology, and hydrology; after analyzing the bibliography
and the data sets of the meteorological stations of the region as well as official charts, field stages of work were
developed to corroborate the information.

MCAS

Marine and costal characteristic, including tide effects,
morphology of the coastal zone, and accessibility for marine water intake and waste water treatment and disposal
were obtained through the analysis of satellite images and
field stays of work. The availability of services for each
potential clam culture zone, including roads (paved and not
paved), electricity, phone and internet availability, human
populations and potential workers, were also established by
field surveys.

MSK

In order to assess the suitability of each potential site for
sustainable clam culture activities inside Magdalena Bay,
we applied the modified index of Lagunas & Ortega [12]:
CCS=ACS (0.1) + NMST (0.3) + AVD (0.15) +
MCAS (0.15) + AAPD ((0.3) + MSK (0.1)x100
2.45
Where:
CCS = Clam Culture Suitability

AAPD

Characteristics
Site without roads available and without
sea connection
Site only with sea connection
Site only with road connection
Site with roads available and with sea
connection
Less than 5 months with suitable temperature
Between 6 to 9 months with suitable temperature
More than 10 months with suitable temperature
From 1 to 5 m in average
From 6 to 10 m in average
More than 10 m
Annual average more than 31 m/s
Annual average between 21 to 30 m/s
Annual average between 11 to 20 m/s
Annual average between 1 to 10 m/s
From 67% to 100% of water turbidity
From 34% to 66% of water turbidity
From 11% to 33% of water turbidity
From 1 % to 10% of water turbidity
Rocky
Clay-slime
Sandy

Rank
value
0
1
2
3
0
1
2

1
2
3
0
1
2
3
0
1
2
3
0
1
2

RESULTS AND DISCUSSION
After the bibliographic revision and the analysis of satellite images, which were digitalized in a GIS in which we
included climate, vegetation, soil, geological, and geomorphological characteristics, 7 potential places were identified
where clam culture activities could be performed with the
lesser impacts and with more success probability; the sites
selected were Santo Domingo, Adolfo Lopez, Estero San
Buto, Estero Chisguete, Punta Cayuco, Puerto Chale, and
Rancho Bueno, which are shown in Figure 1.
After the 7 sites were selected, we performed one week
field stays of work in each of them. The CCS value for
each site was obtained after we analyzed all the specific
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characteristics of the environmental and socioeconomic
features considered in the formula for each place (Table 2).
As we can see the best site to develop clam culture is located in Estero San Buto where optimal conditions were
found with a CCS value of 90.

According to the characterization of this site we recommend that the species to be cultured are the Catarina
scallop (Argopecten ventricosus), the Lion paw scallop
(Nodipecten subnodosus), the Pen shell (Atrina maura),
and the Chocolata clam (Megapitaria squalida).

TABLE 2 - Main characteristics and CCS value obtained for each selected site.
SITE

ACS
Accessibility

NST
Number of Months
With Suitable Temperature for the
Clam Culture

AVD
Average
depth

MCAS
Marine Current
Average Speed

AAPD
MSK
Annual Average Marine
Phytoplankton Substrate
Density
Kind

CCS
Clam Culture
Suitability

1 Santo Domingo

1

2

1

1

1

1

57

2 Adolfo Lopez

3

2

1

1

1

1

65

3

Estero San Buto

2

2

2

2

2

2

90

4 Estero Chisguete

2

2

3

1

1

1

73

5 Punta Cayuco

1

2

1

1

2

1

69

6 Puerto Chale

3

2

1

1

1

2

65

7 Rancho Bueno

2

2

1

1

1

2

65

FIGURE 2 - Recommended polyculture.

We recommend to establish policulture facilities for
these local species, without intensive culture activities, thus
avoiding the nourishment excess and the pollution caused
by the own detritus of the cultured individuals (Fig. 2).
There exist 150 ha in Estero San Buto suitable to establish
this recommended policulture, being possible to hire workers in the locality for it; an average annual harvest of 2,312
tons of the different species is estimated.

CONCLUSIONS
Knowing the precise biological, physicochemical and
social environment, we can determine the best species to
cultivate, the recommended total area to use, and the methodology to be employed to produce the lesser environmental
impacts and to obtain the maximum profitability. Our methodology could be used not only to select appropriate sites
for clam culture but also to assess the suitability, in a quick
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and accurate way, of any other aquaculture activity in
coastal zones.

[12] Lagunas, M. (2000) Identificación del uso potencial de áreas
costeras en B.C.S., para desarrollar la acuicultura de camarón
con base en las condiciones del ambiente natural. Thesis,
Bachelor Degree. Universidad Autónoma de Baja California
Sur. La Paz, B. C. S., Mexico.
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AREAS IN GREECE: THE CASE-STUDY OF
THREE LITTORAL Pinus pinea (STONE PINE) FORESTS
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SUMMARY

INTRODUCTION

In the present paper, the differences and similarities
among three Pinus pinea littoral forests occurring in three
geographically and bioclimatically different areas of Greece
are examined with the use of floristic (syntaxonomical), numerical and pattern recognition techniques. The three study
sites are located in Strofilia forest (south-west Peloponnese), Schinias forest (Attiki), and ‘Koukounaries’ forest
(Skiathos Island) and present a similar ‘pattern’. Thorough sampling of the forest flora, by using the Domin scale
of abundance, and vegetation sampling were performed for
the sites. The sites’ flora was then classified into chorological and life-form classes. Vegetation units identification
and further syntaxonomical classification of sites’ vegetation was done by using TWINSPAN software. Finally, we
compared site observations and measurements using several classic similarity and distance criteria, a process aided
by Noesis, a pattern recognition software tool designed for
signal analysis and industrial data applications. The flora of
the three littoral forests expresses a strong Mediterranean
character. Five forest habitat types were distinguished
according to the Natura 2000 habitat interpretation manual, two of which are priority habitats. Similarities and differences between the flora and vegetation of the three sites
were recorded, and a statistical approach was used to measure the degree of similarity between the three protected
sites. Conclusions on the ecological status of the three sites
were drawn by the combination of these measuring methods.

KEYWORDS: conservation, Natura 2000, pattern recognition, vegetation classification, Pinus pinea.

The stone pine (Pinus pinea; family Pinaceae) is a native species of the north Mediterranean coast, primarily the
Iberian Peninsula. This taxon has been exploited for its edible seeds since prehistoric times. Currently, it is also a
widespread horticultural tree, besides being cultivated for
its seeds. It forms beautiful littoral forests. In Greece, it is
very difficult to discern where it is native and where introduced. The largest stone pine forest in Greece is that of
Strofilia situated in NW Peloponnese, while the pine forests
of Schinias in Attiki and ‘Koukounaries’ on Skiathos Island
occupy smaller areas (see Fig. 1). Strofilia forest, the Kotychi lagoon (situated south of the forest) and the wider
area comprise a biotope of international importance that has
been a Ramsar site since 1971, and a Natura 2000 site as
Schinias aesthetic forest in Attiki and ‘Koukounaries’ forest
on Skiathos Island. P. pinea is also found in other areas in
Greece, where it forms smaller stands. Being the only three
native, relatively large P. pinea forests of great ecological
importance and remaining in Greece, the sites need to be
studied in detail. The forests present several differences in
their floristic composition, bioclimate, habitat types and biodiversity. Even though P. pinea forms littoral forests,
mainly in areas that are under a certain protection status in
Greece, there has been a significant decrease in the size of
these areas during the past few years. This decrease is mainly due to changes in several abiotic parameters, such as
changes in terrestrial ones, severe anthropogenic pressure,
etc. that inhibit the forest’s natural regeneration process.
This work attempts to compare observations from the three
sites in order to draw conclusions that may be used in their
future conservation. By applying six different numerical
methods to compare the forests, various forest similarity
ratings are produced. The results not only can be linked to
parameters affecting each forest, but also allow the selection of a preferable comparison method to be used in further studies of the forests.
Climate – Bioclimate

Climatic and bioclimatic data of the three study sites
are presented in Tables 1 and 2.
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Strofilia [3]. However, unlike Schinias, and due to its location, the “Koukounaries” forest of Skiathos is relatively
protected from the N-NE winds prevailing the area, resulting in environmental conditions more similar to Strofilia
(see Table 2).

TABLE 1 - Climatic data of the three study sites.
mean monthly
temperature (°C)
monthly maximum
(°C)
monthly minimum
(°C)
warmest month
total monthly
precipitation (mm)
total aver. ann.
precipitation (mm)

Strofilia
10.3 - 27.5

Schinias
9.2 - 26.6

Skiathos
8.7 - 25.5

22.0 - 40.5

12.1 - 30.0

17.8 - 34.7

-4.5 - 11.6

6.2 - 22.7

-1.2 - 15.4

August
2.6 - 129.9

July
1.3 - 83.2

July
15.9 - 132.7

706.5

429.2

794.9

As mentioned earlier, all three forests studied present
a similar vegetation pattern and physiognomy: P. pinea and
P. halepensis (Aleppo pine) are the main tree species of the
forests. However in Strofilia, stands of Quercus macrolepis
are to be found, and on Skiathos Q. ilex forms smaller
stands. All three forests grow on beach sand dune formations that have a pH around 6.0-6.6 and are succeeded
by shallow wetland formations. This environmental
heterogeneity within the landscape of the three sites results in a wide range of plant communities and natural
habitats, all of great conservation importance.

TABLE 2 - Bioclimatic data of the three study sites.
Xerothermic
index (x) [1]
Character

Strofilia
132.839

thermoMediterranean
Emberger’s [2] 95.5
pluviometric
coefficient (Q)
Bioclimatic
sub-humid
zone

Schinias
142.73

Skiathos
105.96

intensive thermo- weak thermoMediterranean
Mediterranean
61.45
123.2
semi-arid

MATERIALS AND METHODS
Study area

sub-humid

It should be noted that the climate of the easternsituated sites (Schinias and Skiathos) is more affected by
the cold N and NE winds than the western-situated site of

Strofilia forest is situated in western Greece, Schinias
forest (Attiki) in eastern Greece, close to the Greek capital
of Athens, and ‘Koukounaries’ forest on the Island of
Skiathos, north-eastern Greece (N Aegean).

FIGURE 1 - Map of Greece showing the three study sites:
Strofilia (Peloponnese), Schinias (Attiki) and ‘Koukounaries’ (Skiathos Island).
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Conservation importance

The forest of Strofilia (Peloponnese) is of great conservation importance, as it is the most extensive P. pinea
forest in Greece and one of the largest in Europe. The nonforest ecosystems, such as sand dunes, fresh and brackish
water wetlands, and salt marshes are also of significance.
In spite of human activities taking place in the area, the
forest of Strofilia is in good ecological condition. The area
is a Natura 2000 site (code: GR 2320001), and its wetland a
Ramsar site. Additionally, the sandy beach on the northern
part of the site is an egg-laying area for the endangered (EU
Directive 92/43/EEC) sea turtle species Caretta caretta.
Schinias is also a Natura 2000 site (code: GR3000003),
which retains its ecological quality despite its vicinity to
Athens. It has a variety of habitats in a relatively small
surface area. Its rich flora contains endemics and local endemics. Its fauna contains several protected species and the
wetland of the area is very important for migratory birds.
The importance of the area also lies on social and cultural
reasons (Marathon battle) and the nearby archaeological
sites (Marathon tomb, Rhamnous), and, therefore, the site
could be used for research and educational purposes.
Finally, Skiathos “Koukounaries” P. pinea forest is a
Natura 2000 site (code: GR1430003) and, additionally, the
entire island is protected by the Barcelona Convention [4].
Flora

Floristic data for the study areas were collected during different time periods from May 1997 to April 2005.
Species were identified according to Tutin et al. [5, 6] and
Strid & Tan [7, 8]. Nomenclature follows Tutin et al. [5,
6], Strid & Tan [7, 8], and Greuter et al. [9]. The life-form
categories follow Raunkiaer’s system [10], while Pignatti’s
[11] classification was used for the chorological analysis.
Vegetation

Strofilia forest (Peloponnese) is characterized by a great
variety of natural habitats. Spatial measurements indicated
that Pinus pinea stands occupy a smaller area than that occupied by P. halepensis (see Table 3). P. pinea stands are
also situated more ‘inland’ and further north than P.
halepensis stands. P. pinea in Strofilia forest appears to
regress gradually, and its regeneration is extremely limited, due to changes in ecological conditions. P. halepensis gradually occupies the areas where P. pinea grows, as it
is a less demanding tree species as far as growth and regeneration is concerned, and it can grow within a broader
spectrum of ecological conditions. The understorey of P.
pinea stands in Strofilia consists mainly of evergreen
broadleaved spe-cies, such as Pistacia lentiscus, Myrtus
communis, and Quercus coccifera. The understorey of P.
halepensis stands appears to be very similar to that of P.
pinea, with the only exception of some small fern covered areas (Pteridium aquilinum) on more acidic soils.
In Strofilia, oaks (Quercus macrolepis) form quite fragmented stands in places behind the P. pinea stands.

These oak stands are considered to be the climax stage of
the ecosystem.
Schinias forest also contains a variety of natural habitats, but in less pristine and undisturbed conditions than
those of Strofilia. The signs of human impact are more
prominent in the western part of the forest where the main
body of P. pinea stands occurs. Housing development in
the ‘heart’ of the forest has resulted in tree cutting and
heavy trampling of ground. There is no grazing, but regeneration of P. pinea is also very limited here. P. pinea stands
occupy mainly the western part of the forest and are smaller
in extent than the Aleppo pine stands (see Table 4). P.
halepensis forms a pure forest on the eastern part of the
site with some sparsely scattered P. pinea trees. P. pinea
regeneration is also very limited in this forest, mainly due
to human pressure applied on the site. Shrub understorey
of P. pinea and P. halepensis is fragmented and appears
mainly under gaps in the tree canopy. The dominating shrub
species here are Pistacia lentiscus, Juniperus phoenicea,
Quercus coccifera and Myrtus communis.
In ‘Koukounaries’ forest in Skiathos, P. pinea is clearly
the dominant tree species, whereas P. halepensis is mainly
found in the north-eastern part of the forest in small areas.
The P. pinea forest stands may be said to be one vegetation
succession stage before the climax vegetation, but no vegetation climax stage exists. P. pinea trees here are mainly
old-aged. Quercus ilex is found in the shrubby understorey throughout almost all the ‘Koukounaries’ forest in
Skiathos. This taxon is not found in the two other study
sites (Strofilia and Schinias). Additionally, a rich understorey of broadleaved evergreens (Pistacia lentiscus, Myrtus
communis, Arbutus unedo, etc.) exists. The herb layer is
almost absent, and this is due mainly to previous management practices that included clearing the understorey
to prevent forest fires. The understorey of P. halepensis is
similar to that of P. pinea. P. pinea stands present little to
no regeneration, even though they have a well-developed
shrub layer and are not grazed. However, they do sustain
great human pressure, as ‘Koukounaries’ forest is located
on one of the island’s most popular beaches.
A total of 104 relevés were made from the three sites,
and only vascular plants were recorded. Although the three
sites present a variety of habitats (salt marshes, reed beds,
sand dunes, etc.), only the forest habitat types were sampled. Relevés were made using the Domin scale of abundance and dominance [12], McVean & Ratcliffe [13].
For vegetation analysis and classification, TWINSPAN
[14] software was used. Phytosociological units of the three
forest stands were described according to the Νew Technical Guide for the identification of Natura 2000 habitat
types [15]. Vegetation units were identified and characterized according to the Natura 2000 Interpretation Manual
for the identification of European habitats [16].
Statistical analysis

The comparison of site flora and habitats was aided by
the use of Noesis [17] pattern recognition software. Using
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the observed presence or absence of species as input data,
the software was used to calculate various similarity and
distance criteria which are employed in the numerical comparison of forests and their common habitat types. Noesis
[17] was also used to perform a correlation-based classification of the sites, to project and reduce the dimensionality of the data using principal component analysis, and to
create scatter graphs for visualization of the results. The
methods used to rank pairs of localities (sites or habitats)
in terms of similarity are outlined below.
Dot product (presence matches) similarity measure. The
number of matched observations for each pair of localities
was counted, with a match counted whenever a taxon was
found in both localities. If u is the number of species found
in both localities (the size of the union of observations),
two vectors of u coordinates (one per locality) are formed
with coordinate values set to unit (1) if the corresponding
taxon is observed in the locality, but to zero (0) if the taxon
is absent. The dot product of the two vectors was then used
as a measure of similarity of the two localities since higher
dot product values indicate more matches (species found
in both localities), therefore more similarity.
Normalized presence matches similarity measure. Extending the presence matches, this measure takes into account the total number of species observed in each pair of
localities. For the normalized presence matches measure,
the number of matched observations (a match counted
whenever a taxon is found in both sites) was divided by
the number of unique taxa found in the pair using:

m=

c
u

where c is the number of common taxa in the two localities (as found by the dot product above), u the total
number of taxa found in both localities (the size of the union
of observations). The result is a percentage of matched taxa
over all taxa found in each pair of localities.
Sørensen coefficient. Sørensen’s coefficient of similarity [18] based on presence vs. absence (Sc) is calculated by:

Sc =

2c
2c + s 1 + s 2

to the corresponding coordinate of the vector representing
the locality, absence by zero (0). Using this representation,
distances between points can be used as a measure of dissimilarity between the corresponding localities, with less
distance indicating more similarity. Also scatter plots can
be used to visualize relations, where proximity of points indicates similarity of the respective habitats, allowing quick
visual verification of the results (especially in terms of the
Euclidean distance). However, since the points are defined
in a highly multidimensional space (due to the large number of observed taxa), it is not possible to directly produce
such plots that would be informative; plotting two-dimensional projections of the space on planes defined by any
two coordinates would result in great information loss. To
avoid this shortcoming and create proper scatter plot representations of the data, principal component analysis (PCA)
[19, 20] is used. PCA correlation analysis is performed to
determine new axes where the data show maximum variance, allowing the projection of data to the PCA axes and
the subsequent reduction of the dimensionality with limited information loss (by removing PCA axes where data
expose little variance). A measure of how much information is lost, when the dimensionality is reduced after
data are projected to the PCA axes, is given by the Degree
of Fit (DOF) value, which effectively measures loss of
variance in the data. A DOF value of 100% indicates that
total variance remains constant.
City block distance (presence / absence matches). For
each pair of localities (sites and habitats), the number of
matched observations was recorded, with a match counted
whenever a taxon is either found in both sites or absent
from both localities. This simple measure of counting presence and absence matches between two localities is related
to the “city-block” distance of the two corresponding points
(the distance between the two points measured along axes
at right angles) in the aforementioned multidimensional
space. The city-block (also known as “Manhattan” or “absolute value”) distance ( d ij ) is calculated as follows:
173

d ij = ∑ cik − c jk
k =1

where c is the number of common taxa in the two localities, s1 and s2 are the total numbers of taxa found in
each of the two localities, respectively.
The qualitative distance-based methods, outlined next,
are applied on the assumption that mutual absence of taxa
may also be a sign of similarity. This approach uses all
species (observed in all sites), creating a common multidimensional coordinate space for all cases and pairs to be
compared; each coordinate axis corresponds to a taxon and
each locality is represented by a point (coordinate vector)
in this space. Values assigned to each coordinate relate to
information about the corresponding taxon in the locality;
here the presence or absence of taxa in one locality is encoded, presence indicated by assigning the unit value (1)

where cik is the value at coordinate k of the point representing locality i. Due to the aforementioned encoding
used for defining coordinate values, the result of counting
presence/absence matches between localities i and j equals
d-dij (where d is the total number of observed species, the
dimensionality of the coordinate space, here d = 173), and,
therefore, the two values are reversely proportional to each
other and can be used interchangeably.
Euclidean distance. The Euclidean distance (the straight
line distance between two points) was also computed. Euclidean distance is defined by:
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where cik is the value at coordinate k of the point representing locality i. Again, less distance implies greater
similarity.
Correlation hierarchy analysis. A dataset matrix was created where each row represents a taxon, and each taxon is
described by random variables corresponding to its presence in the localities. With the presence or absence of taxa
encoded as above, the matrix effectively is the transport of
the dataset used in the two previous distance based methods. A classic way to determine the degree of dependence
between random variables is to perform hierarchical clustering of the variables using data from their correlation
matrix as the distance measure [19, 21]. Initially, all variables are considered to be independent entities whose distance matrix contains the absolute value of their respective
correlation coefficients. The variables are then iteratively
linked together in groups of decreasing correlation using
hierarchical clustering. During the grouping step, the distance matrix is adjusted (and reduced) to reflect the changes,
i.e. to accommodate the replacement of the merged entities
(variables or existing groups of variables) by a single newly
formed group. While there are several strategies for doing
the merge, a complete linkage approach is taken here,
where the group inherits the minimum value (least correlation) relating the items to be merged with the remaining
entities.

form spectrum we determined that Therophytes dominate
with 50.72%. The chorological spectrum (Fig. 3a) shows
that Mediterranean taxa prevail with 72.46%, followed by
Cosmopolitan and Temperate taxa with 5.8% and 5.7%,
respectively.
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FIGURE 2
Life-form spectrum of the forest flora of the three study areas.
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Floristic analysis of the studied sites

Floristic life-form and chorological spectra were calculated for each site, and are presented in Figs. 2 and 3a
for easier comparison among the three sites.
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As the Mediterranean taxa occurring within the three
sites are far more numerous than those of other chorological categories, we have analyzed them further (Fig. 3b).
Strofilia forest (Peloponnese). A total of 81 taxa were
recorded from Strofilia, and of these 27.16% were considered to be Phanerophytes (Ph), 25.93% Hemicryptophytes
(H), 20.99% Geophytes (G), 16.05% Therophytes (Th), and
9.88% Chamaephytes (Ch). The mostly represented lifeforms were the Phanerophytes and the Hemicryptophytes.
Analysis of the chorological spectrum shows that Mediterranean taxa prevail, as expected, with 74.07%, followed
by Cosmopolitan and Med-Turan taxa with 4.94% and
4.92%, respectively.
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In the forest stands of Schinias we
recorded a total of 108 taxa. From life-form spectrum analysis, Therophytes appear to be the dominant plant life-form
(54.63%). From the chorological analysis, it is prominent
that Mediterranean taxa prevail here with a percentage
of 70.37%, followed by Cosmopolitan-Subcosmopolitan
(6.48%) and Temperate (5.56%) taxa.
Schinias (Attiki).

Koukounaries (Skiathos Island). In the forest stands of
Skiathos we recorded a total of 69 taxa. From the life-
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FIGURE 3
Chorological spectrum of the forest flora of the three study areas
(a); further analysis of the Mediterranean chorological group (b).
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Comparing the Mediterranean elements of the three
sites (Fig. 3b), we conclude that in Strofilia forest the StenoMediterranean group prevails, while in Schinias and Skiathos the Euri-Mediterranean group prevails.
Vegetation
Classification

Using TWINSPAN, we distinguished five main forest
habitat types (Tables 3-5) according to the “Interpretation
Manual of EU Habitat Types” [15]. These are:
2250: Dune Juniper thickets (Juniperus sp.), considered to
be a priority habitat for the EU,
2270: Wooded dunes with Pinus pinea and/or Pinus pinaster, also a priority habitat for the EU,
9340: Quercus ilex forests,
9350: Quercus macrolepis forests, and
9540: Mediterranean pine forests with endemic Mesogean
pines (including Pinus mugo and Pinus leucodermis).
Tables 3-5 show the syntaxonomic units of the forest
habitat types and the respective areas occupied by them in
each site.
TABLE 3 - Syntaxonomical classification
of forest vegetation in Strofilia forest.
Natura 2000 code
and description

Association

Ephedro campylopo2250, Dune Juniper thickdae- Juniperetum lyciae ets (Juniperus sp.)
2270, Wooded dunes with
Pinus pinea comm.
Pinus pinea and/or Pinus
pinaster
Quercus macrolepis
9350, Quercus macrolepis
comm.
forests
9540, Mediterranean pine
forests with endemic
Pinus halepensis comm. Mesogean pines (including Pinus mugo and Pinus
leucodermis)

Area occupied
(in ha)
53.16
420.35
66.481
1 065.72

TABLE 4 - Syntaxonomical classification
of forest vegetation in Schinias forest.
Natura 2000 code
and description
Juniperus macrocarpa 2250, Dune Juniper thickets
comm.
(Juniperus sp.)
2270, Wooded dunes with
Pinus pinea comm.
Pinus pinea
9540, Mediterranean pine
forests with endemic MesoPinus halepensis
gean pines (including Pinus
comm.
mugo and Pinus leucodermis)
Association

Area occupied
(in ha)
0.74928
24.843
60.255

TABLE 5 - Syntaxonomical classification of
forest vegetation in ‘Koukounaries’ Skiathos forest.
Association
Pinus pinea comm.
Erica arborea - Arbutus unedo comm.

Natura 2000 code
and description
2270, Wooded dunes with
Pinus pinea
9340, Quercus ilex forests

Area occupied
(in ha)
6.3918
1.3932

9540, Mediterranean pine
1.0578
forests with endemic Mesogean pines (including Pinus
mugo and Pinus leucodermis)
Comparison of common forest habitat types using pattern
recognition software
Oleo-Lentiscetum
aegaeicum: aspect
with Pinus halepensis

Habitat types 2270 (‘Wooded dunes with Pinus pinea’)
and 9540 (‘Mediterranean pine forests with endemic Mesogean pines’) of all three sites were compared, and results
were used to estimate the extent to which the sites or habitats are similar.
Several similarity and distance criteria were used for
this purpose. For comparison purposes, each set of observations was handled as a unique independent entity, allowing the comparison of an observation relating to an entire
site (i.e. ST - Strofilia) with subset observations of a particular habitat, including habitat observations from the same
site (i.e. ST9 - Strofilia 9540). Such comparisons (later referred to as “within-site”), not only give us insight on how
the overall picture of the site compares to its individual
habitats, but also hints on the applicability of particular criteria to the data. Obviously, comparing within-site observations is expected to give results that rank higher (indicate more similarity) than the results of comparison between observations from different sites. This, indeed, is the
case in most of the results, with some noticeable exceptions, which are discussed later in the text.
The following abbreviations are used for site names:
ST = Strofilia forest (Peloponnese)
SC = Schinias forest (Attiki)
SK = ‘Koukounaries’ forest (Skiathos Island)
The following abbreviations are used for habitat names:
ST2 = Strofilia 2270, SC2 = Schinias 2270, SK2 = Skiathos
2270
ST9 = Strofilia 9540, SC9 = Schinias 9540, SK9 = Skiathos
9540
With nine different observations to be compared, the
number of unique pairs to process is:
C(9,2) = 9! / [2! (9-2)!] = 36 unique pairs,
of which 9 relate to within-site comparisons (3 pairs to
compare per site: {overall site, habitat 2270}, {overall site,
habitat 9540} and {habitat 2270, habitat 9540}).
A discussion of the results of the thirty-six comparisons of the sites and habitats, using six different similarity
criteria follows. For most criteria, the outcome of each
comparison appears in Table 6, where the site pairs are
also ranked according to similarity (most similar pairs are
listed at the top of this table). Table 7 summarizes these
results, listing only comparisons between localities of different sites.
Similarity criteria
a. Quantitative measures of similarity
i) Dot product (presence matches) similarity measure
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Using this measure, the high similarity between sites
and habitats is evident. For example, the most related pair
{SC, SC2} associates the overall Schinias observations with
its subset habitat ‘Schinias 2270’. Beyond within-site comparisons, the high result of the {SC, ST} pair indicates that
the set of observations in Schinias (overall) rates relatively
similar to that of Strofilia (more common taxa). Also notable is the low similarity found between the two Skiathos
habitats 2270 (SK2) and 9540 (SK9). Results and ranking
of pairs appear in Tables 6 (where higher values indicate
more matches) and 7.
ii) Normalized presence matches similarity measure

Using this similarity measure and ignoring the highly
similar within-site pairs, a mixed picture of similarity is
drawn with no clear winning case (Tables 6 and 7). However, it is clear that comparisons between Schinias and
Skiathos forests tend to rank very low in similarity.
iii) Sørensen coefficient

The resulting similarity ranking (Tables 6 and 7) is
identical to the one created by the normalized presence
matches measure described above. Ignoring the highly similar within-site pairs, a mixed picture of similarity is drawn
with no clear winning case. Again, Schinias and Skiathos
rank as mostly dissimilar.

b. Qualitative measures of similarity
iv) City block distance (presence / absence matches)

Ignoring within-site comparisons (which again rate high
in similarity), the measure indicates that the most similar
observations come from Strofilia compared to Skiathos. As
evident from Table 6 (less distance implies greater similarity) and summarized in Table 7, the four most similar pairs
involve the two aforementioned sites.
v) Euclidean distance

Euclidean distances are shown in Table 6; less distance
implies greater similarity. Biased by the encoding used (0
for absence, 1 for presence), the resulting similarity ranking (Table 6) is identical to that produced by the “city
block” distance (presence / absence matches) similarity
measure described earlier. All pairs with distance less than
the average (average distance equals to 8.3) are within-site
comparisons, with the exception of the three pairs {ST2,
SK9}, {ST9, SK9} and {ST, SK9} which compare Strofilia
and Skiathos localities. In fact, it appears that the 9540 hab-

TABLE 6 - Rankings and scores for all criteria (asterisks indicate within-site comparisons).

1342

© by PSP Volume 16 – No 11a. 2007

Rank

Dot Product
Ranking

Dot
Product

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

SC-SC2*
SC-SC9*
ST-ST9*
SK-SK2*
ST-ST2*
SC2-SC9*
ST2-ST9*
SC-ST
SK-SK9*
SC2-ST
SC-SK
SC-ST2
SC-ST9
SC9-ST
SC2-SK
ST-SK
ST9-SK
SC-SK2
SC2-ST2
SC9-ST2
SC2-ST9
SC2-SK2
SC9-ST9
SC9-SK
ST2-SK
ST-SK2
ST9-SK2
SC9-SK2
ST-SK9
ST9-SK9
ST2-SK9
SC-SK9
SC9-SK9
ST2-SK2
SK2-SK9 *
SC2-SK9

80
66
49
48
47
44
34
27
25
23
22
21
21
21
20
19
19
18
18
18
17
17
17
16
15
14
14
12
12
12
11
10
10
10
10
8
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Norm. Pr. Matches
and Sørensen Index
Ranking
ST-ST9*
SC-SC2*
SK-SK2*
ST-ST2*
SC-SC9*
ST2-ST9*
SC2-SC9*
SK-SK9*
ST9-SK
SC-ST
SC9-ST
ST9-SK9
SC2-ST
SC9-ST2
ST2-SK9
ST-SK
SC9-ST9
ST9-SK2
SC2-ST2
SC-ST2
SC2-SK
SC-ST9
ST-SK9
SK2-SK9*
ST2-SK
SC-SK
SC2-SK2
SC2-ST9
ST-SK2
SC9-SK
SC-SK2
SC9-SK9
SC9-SK2
ST2-SK2
SC-SK9
SC2-SK9

Norm. Pr.
Matches

Sorensen
Index

0.79
0.78
0.76
0.76
0.65
0.55
0.43
0.40
0.20
0.20
0.20
0.19
0.19
0.19
0.18
0.18
0.17
0.17
0.17
0.16
0.16
0.16
0.16
0.16
0.16
0.15
0.15
0.15
0.15
0.14
0.14
0.12
0.12
0.12
0.09
0.08

0.47
0.47
0.46
0.46
0.44
0.41
0.38
0.36
0.25
0.25
0.25
0.24
0.24
0.24
0.23
0.23
0.23
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.21
0.21
0.21
0.21
0.20
0.20
0.19
0.18
0.17
0.17
0.14
0.13
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City Block and
Euclidean distance
Ranking
ST-ST9*
ST-ST2*
SK-SK2*
SC-SC2*
ST2-ST9*
SC-SC9*
SK-SK9*
ST2-SK9
ST9-SK9
SK2-SK9*
SC2-SC9*
ST-SK9
ST9-SK2
SC9-SK9
ST9-SK
ST2-SK2
SC9-ST2
ST2-SK
SC9-ST9
ST-SK2
SC9-ST
ST-SK
SC2-SK9
SC9-SK2
SC2-ST2
SC2-SK2
SC2-ST9
SC2-ST
SC9-SK
SC2-SK
SC-ST2
SC-SK9
SC-ST9
SC-ST
SC-SK2
SC-SK

City
Block

Euclidean

13
15
15
22
28
36
38
50
50
53
58
63
69
71
74
75
77
80
81
82
86
87
89
90
91
94
95
96
97
103
107
107
109
110
114
121

3.6
3.9
3.9
4.7
5.3
6
6.2
7.1
7.1
7.3
7.6
7.9
8.3
8.4
8.6
8.7
8.8
8.9
9
9.1
9.3
9.3
9.4
9.5
9.5
9.7
9.7
9.8
9.8
10
10
10
10
10
11
11
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TABLE 7 - Rankings for all criteria excluding within-site comparisons.
Rank

Dot Product Ranking

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

SC-ST
SC2-ST
SC-SK
SC-ST2
SC-ST9
SC9-ST
SC2-SK
ST-SK
ST9-SK
SC-SK2
SC2-ST2
SC9-ST2
SC2-ST9
SC2-SK2
SC9-ST9
SC9-SK
ST2-SK
ST-SK2
ST9-SK2
SC9-SK2
ST-SK9
ST9-SK9
ST2-SK9
SC-SK9
SC9-SK9
ST2-SK2
SC2-SK9

Norm. Pr. Matches and
Sørensen Index Ranking
ST9-SK
SC-ST
SC9-ST
ST9-SK9
SC2-ST
SC9-ST2
ST2-SK9
ST-SK
SC9-ST9
ST9-SK2
SC2-ST2
SC-ST2
SC2-SK
SC-ST9
ST-SK9
ST2-SK
SC-SK
SC2-SK2
SC2-ST9
ST-SK2
SC9-SK
SC-SK2
SC9-SK9
SC9-SK2
ST2-SK2
SC-SK9
SC2-SK9

City Block and Euclidean
distance Ranking
ST2-SK9
ST9-SK9
ST-SK9
ST9-SK2
SC9-SK9
ST9-SK
ST2-SK2
SC9-ST2
ST2-SK
SC9-ST9
ST-SK2
SC9-ST
ST-SK
SC2-SK9
SC9-SK2
SC2-ST2
SC2-SK2
SC2-ST9
SC2-ST
SC9-SK
SC2-SK
SC-ST2
SC-SK9
SC-ST9
SC-ST
SC-SK2
SC-SK

SCx – STx
SCx – SKx
STx – SKx

FIGURE 4 - Projection of data to three axes computed using PCA.
The plot shows the proximity of each observation to the others, each
locality being represented by a single point. X is the 1st, Y is 2nd, and Z
is the 3rd most significant Principal Component Axis, while the total
Degree of Fit (DOF) of the displayed data to the original is 82.47%.

sentations of the data, PCA correlation analysis was performed, allowing the projection of data to the PCA axes,
and the subsequent reduction of the dimensionality. The
process produces eight axes, on which a 100% accurate representation (DOF = 100%) of the information is achieved,
with no loss of distance information. However, as the goal
is a visual representation of the data on 2d or 3d scatter
plots, further reduction is performed. Using three primary
PCA axes has a relatively high 82.47% DOF, thus a 3d
scatter plot showing data projection on the first three PCA
axes, as shown in Fig. 4, gives a quite accurate representation of data topology. From the graph (Fig.4), it is evident
that (a) there is a strong relation between each site and its
subset habitats, (b) there is a proximity of Strofilia with
Skiathos observations (especially Skiathos 9540), and (c)
the two habitats of Strofilia (ST2, ST9) appear to be consistent with the overall picture of the site (ST), while habitat 9540 in the other two sites appears to be more isolated.
vi) Correlation hierarchy analysis

itat in Skiathos is very similar to habitats 9540 and 2270
of Strofilia, with distance to both being 7.10. Scatter graphs
can be used to visualise these results. However, the points
exist in a multidimensional (173d) space that is impossible
to represent visually. To create accurate scatter plot repre-

Using a 173×9 dataset matrix (transport of that used
for the distance measures), where each row represents one
of the 173 taxa and each column one of the 9 localities,
correlation hierarchy analysis is performed to determine the
degree of dependence between the random variables (lo-
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calities). Results are presented in Fig.5, with more dependant variables linked together closer to the top of the dendrogram. Similar to the findings of the criteria listed in
Table 6, examination of Fig.5 reveals high correlation
among sites and within-site habitats (most branches refer
to within-site comparisons). One notable exception is that
of the Skiathos 9540 habitat (SK9), which is linked (although by marginal correlation level) to the group of Strofilia observations. Besides SK9, other Skiathos observations seem to be correlated with Schinias. Finally, results
show a relative independence of the 9540 habitats (P.
halepensis stands) in the Skiathos and Schinias sites (Habitats 9540 both in Schinias and Skiathos differ notably from
the total forest physiognomy).

FIGURE 5 - Correlation Hierarchy of sites using Complete Linkage.
The more dependant plant assemblages are linked together at the top.

DISCUSSION AND CONCLUSION
The wide variety of habitats in all three sites reflects
the diversity in their soil and hydrological conditions. However, only in Strofilia does the ecosystem reach a climax
stage (Q. macrolepis forest), whereas in the other two study
areas this vegetation stage does not exist. This is because
these areas sustain heavier human impact than Strofilia and
occupy relatively smaller surface areas.
The results of the floristic analysis (life-form and chorological spectra) reflect the geographic position of each
site, the climate of the area studied, and the amount of
human impact. The latter is suggested by the high percentage of Τherophytes in all sites, but mainly in Schinias
and Skiathos where the heaviest human impacts occur. A
high percentage of therophytes is highly suggestive of disturbance in Mediterranean ecosystems [22, 23], as they are
usual in anthropogenic habitats. In Strofilia, phanerophytes
prevail. The dominance of Mediterranean taxa in all three
sites was expected, as all are littoral forests within the Mediterranean basin. However, in Strofilia, Steno-Mediterra-

nean species prevail and this reflects a less disturbed character of the forest compared to the other two.
Examining whether these observations can be verified
by the statistical comparison of the forests, which vary by
method selection, also allows a possible interpretation of
the produced rankings in terms of possible links to actual
factors affecting the sites. Assuming human impact as the
major factor affecting these forests, it would be expected
that Schinias and Skiathos (SCx – SKx comparisons of
Table 7) rank high in similarity scores. However, most
criteria categorise observation pairs from these sites as
most dissimilar. Notable exceptions are those of the dot
product or presence matches (measure i, placing the
overall Schinias – Skiathos pair in third place, still less
than the overall Schinias to Strofilia comparison), and
correlation hierarchy which, using complete linkage,
places the overall Schinias and Skiathos observations in
the same group (although with low correlation factor).
Therefore, it appears that the effect of human activity
does not register in the numerical results, possibly because all three sites are somewhat affected by this factor
to some extent.
However, in terms of climatic and bioclimatic similarities (Tables 1 and 2), Strofilia and Skiathos sites belong to the same bioclimatic zone (sub-humid), with higher
mean annual precipitation (higher Q’s) compared to
Schinias forest that belongs to the semi-arid bioclimatic
zone. It should be noted that the habitats compared
(‘Wooded dunes with P. pinea’, 2270 and ‘Mediterranean
pine forests with endemic Mesogean pines’, 9540) are both
climate- dependent, and, therefore, it would be expected
that Strofilia and Skiathos (STx – SKx comparisons of
Tables 6 and 7) rank as most similar. Such results would
also agree with those of the floristic analysis, and are
indeed found in the rankings produced by the distancebased methods (measures iv and v), where the Strofilia
and Skiathos pairs appear to be most similar (Table 7).
Using a common coordinate space for all comparisons,
which takes into account both presence and absence of all
taxa, results deriving from these methods are expected to
be more general, especially in studies where similar
surface areas are compared.
Further examination of the rankings produced by such
quantitative measures confirms other observations from
the sites. With the least distance found being that of the
ST – ST9 pair (distance 3.6, Table 6 and Fig. 4), the strong
P. halepensis (9540) ‘character’ of Strofilia forest is verified, as would be expected, since P. halepensis stands occupy the largest part of the forest. This characteristic of
Strofilia is also seen in other numerical results: the Skiathos
9540 (P. halepensis) habitat is ranked equally similar to
both Strofilia 2270 (P. pinea) and Strofilia 9540 as far as
its understorey is concerned, with the Euclidean distance
being 7.10 in both cases, while correlation hierarchy
(Fig. 6) place the P. halepensis stands of Skiathos as more
closely correlated to Strofilia than to the overall observations from the same Skiathos ‘Koukounaries’ forest.
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While the rankings are open to interpretation, and
preservation of each biotope should rely mainly on individual observations, it is expected that changes occurring
in the studied forests would produce changes in the
similarity rankings. Since this comparison of three similar
forests was performed to enhance similarities and differences that could be linked to individual factors affecting
the sites, identification of such factors could be used towards better conservation of the forests. By successfully
reflecting the floristic and bioclimatic affinity of Strofilia
and Skiathos forests, dis-tance-based criteria appear to
effectively register climatic and bioclimatic factors in
their produced results, and are found to be more suitable
for the problem, especially if cov-erage information is also
used. While the distance values themselves may be of
little value in future studies (the coordinate space could
change by newly introduced species, or coverage information could be used), changes in the produced rankings
should still carry useful information towards identifying
the factors affecting the sites.
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SUMMARY
The theory of grey systems is a new technique for performing prediction, relational analysis and decision-making
in many areas. In this paper, the application of grey relational analysis for a correlativity study between the structural parameters and photocatalytic activity of chlorophenols (CPs) is introduced. Fourteen quantum chemical parameters were considered. The experimental data of some
relevant factors were made dimensionless, by the way of
an averaging procedure. The magnitudes of these chemical quantum parameters were calculated from the view of
their effects on photocatalytic and photolytical activity. The
different effect sequence on the photocatalytic degradation
of CPs was discussed. A brief analysis was made with regard to the physical meanings of these variables. The results showed that six of them are most important for photocatalytic efficiency in MW/UV/TiO2 system, namely, the
dipole moment, (Elumo-Ehomo)2, Elumo-Ehomo, energry of highest unoccupied molecular orbit (Ehomo), Elumo+Ehomo, and
the net atomic charge on a carbon atom.

KEYWORDS: Grey theory, grey relationship analysis (GRA),
photocatalysis, structural parameter, CPs.

INTRODUCTION
Chlorophenols (CPs) are common organic contaminants found in the environment of most industrialized countries. Nineteen congeners are possible, ranging from monochlorophenols (MCPs) to the fully chlorinated pentachlorophenol (PCP). These compounds are carcinogenic, mutagenic, and toxic for a wide range of organisms. Although
their use has been restricted in the last decade, some of
them are still produced in large quantities. As they are harmful to human health, several of them have been listed among
the 65 priority pollutants by US EPA [1, 2]. Photolysis or
photocatalysis is an important transformation route of or-

ganic pollutants in the aquatic environment, and can effectively eliminate environmental pollution of CPs [3]. Rate
constant of photocatalytic degradation is one of the most
important parameters characterizing photochemical reactions of organic pollutants. This parameter is indispensable
for environmental risk assessment of these chemicals. However, because of large expenditures of money, time, equipment and manpower, it is difficult to determine photocatalytic rate constants of all CPs by experiments. Thus, quantitative structure-property relationships (QSPRs), which correlate and predict transport and transformation process data
of organic pollutants from their structural descriptors, can be
used to predict photocatalysis process data, and to study the
mechanism of photocatalytic degradation efficiently.
Many statistical correlation analysis can provide not
only correlation coefficients among factors, but also the
relevant significance level. In most cases, data distribution
is assumed to be linear, exponential or logarithmic, and
errors are normally distributed with zero means. Moreover,
sufficient data are required to determine its distribution type
and to ensure statistical significance [4]. However, it may be
difficult to get adequate information in many situations,
i.e. the photocatalytic systems. Under these circumstances,
precise analytical results may not be available. Grey system theory provides an alternative approach to identify the
correlations between factors, or to build forecasting models.
The grey system theory was first proposed by Deng [5]
in 1982. Terminologically, a well-known system is often
called a “white” system, whereas an unknown one is called
a “black” box. In this sense, the grey system theory is concerned with solving problems that involve uncertainty, or
systems with incomplete information. A so-called grey relational analysis (GRA) that is a part of grey system theory
can be used to find the correlation or association of a certain series of such systems. It may provide a qualitative
rather than quantitative approach for influence analysis. Grey
system theory has been applied to many different systems,
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such as traffic, economy, medicine, industry, management,
environment, material science, etc [6]. However, the theory has not yet been used in photocatalytic systems. In this
article, GRA was applied to investigate the relationship between the photocatalytic degradation rate and the structural parameters of CPs. The key factors affecting photocatalytic degradation were identified to obtain a more integrated idea of its mechanism.
Principles of grey relational analysis

Grey system theory believes that a random process is
a grey quantity variable in an area of certain amplitude
and time zone. Grey process describes the course to look
for the regularity of variables by dealing with the raw
data. Grey relational analysis is defined as quantity analysis to developing trend in the variable system, and the
more similar of developing trends, the greater of the relational extent. The way to compare the relational extent
among factors is called as relational coefficient or relational grade method.

y

7
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0

ly apparent. In the language of grey relational analysis,
the relationship can be described as: r12  r13 , where

r1i ( i = 1,2 )

tional grade. Grey relational analysis is based upon comparison of geometrical similarities between objects. A
large relational grade is synonymous with good geometrical similarities, whereas a small relational grade indicates significantly different geometrical shapes.
Like general statistical analysis methods, grey analysis first calls the appropriate normalization of raw data to
remove anomalies associated with different measurement
units and scales. The raw data can be transformed into
dimensionless forms either by initial-value processing or
average-value processing. The option of the type of processing depends upon the nature of the data. Generally,
average-value processing is applied to data series independent of time sequences, and initial-value processing is
more appropriate for data that vary with time. Here, average-value processing makes use of the average value of
the sequence as the divisor:
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FIGURE 1 - Grey relational analysis
of three demonstrative sequences.
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where k is the index for sample variations in a given
factor. A plot of three demonstrative sequences is shown
in Fig. 1. The similarity between curves 1 and 2 is visual-

k

Here, ρ ∈ ( 0 ,1 ) is the index for distinguishability. A
value of 0.5 is used in most situations. As there are too
many relational coefficients to be compared directly, further data reduction makes use of average-value processing
to convert each sequence into its mean. The mean is also
known as the relational grade:

The objective sequence x ( j = 1,2,3, , p objectives ) , and
j

measurements of the experimentally measurable quantities x can be represented, in general, by the series:

(4)

y j ( k ) − yi ( k ) + ρ max max y j ( k ) − yi ( k )
i

The measurement of relevancy between two systems or
two factors is known as the relational grade, which describes the trend relationship between an objective sequence (a collection of measurements) and a reference sequence in the system. If both tend towards concordance,
the relational grade is regarded as great, or otherwise as
small.

k

1
∑ ξij ( k )
m

(5)

where k = 1,2,,m,i = 1,2,,n, and j = 1,2, , p.
The procedures for rendering raw experimental data
into relational grades can be programmed easily. The relational grades are numerical measurements of the influence
of factors on the objective values, and numerical values
are among 0 and 1. Generally, r  0.9 indicates a significant influence, r  0.8 a relatively significant influence,
r  0.7 a noticeable influence, and r  0.6 a negligible
influence.
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MATERIALS AND METHODS
2-Chlorophenol (2-CP), 4-chlorophenol (4-CP), 4chloro-3-methyl-phenol(4-Cl-3-Me-P), 2,4-dichlorophenol
(2,4-DCP), 2,4,6-trichlorophenol (2,4,6-TCP) and pentachlorophenol (PCP) were included in the study. Differences
in photocatalytic reactivity among CPs are dependent on
their various intermolecular interactions, such as substituents of chlorine atom, core-core repulsion interactions,
dipole–dipole interactions, dipole moment, electrostatic interactions, and hydrogen bonding. Taking these factors into
account, a total of 15 theoretical molecular structural descriptors of CPs, reflecting the overall character of the CP
molecules, were selected as variables for grey relational
analysis. They are final heat of formation (HOF), electronic
energy (EE), core-core repulsion (CCR), dipole moment
(µ), energy of the highest occupied molecular orbital
(Ehomo), energy of the lowest unoccupied molecular orbital
(Elumo), molecular weight (Mw), average molecular polarizability (α), substitution of chlorine atom (N), the net
atomic charge on a carbon atom (qC), the net atomic charge
on a hydrogen atom (qH), and the net atomic charge on a
chlorine atom (qCl). In addition, three combinations of
frontier molecular orbital energies Elumo-Ehomo, (Elumo-Ehomo)2
and Elumo+Ehomo were also selected as independent variables.
The values of the molecular descriptors are listed in Table 1.
The unit of HOF is kilocalorie, and units of energy, charge,
EE, µ and α are electron volts (eV), atomic charge units
(a.c.u.) and atomic units (a.u.), respectively. The pseudo
first-order rate constant (k) of CPs in both microwaveassisted UV photolysis (MW/UV) and UV photocatalysis
with TiO2 process (MW/UV/TiO2) are from our previous
research [7]. The unit of k is 10-3 min-1 (aqueous suspensions of 1 g/L TiO2 were used in MW/UV/TiO2 experiments). All the experiments lasted 120 min, and more detailed information on them could be found in Wu et al. [7].

Matlab (version 6.1, Mathworks 2001) software was
used to perform GRA with default settings. The conditions
for the computation were based on the default values of the
software.
RESULTS AND DISCUSSION
The rate constants of photocatalytic degradation of CPs
were chosen as the objective sequence, which described
the behavior characteristics of photocatalytic degradation.
Fourteen quantum chemical parameters were regarded as
reference sequence affecting the behavior characteristics
of photocatalysis. Grey relational grade was adopted to describe the effects` extent of descriptors on photocatalytic
degradation. The block diagram for procedures of grey relational grade calculation is shown in Fig. 2.

In the study, quantum chemical descriptors were calculated using the quantum chemical computation software
WinMOPAC (Ver. 2.0 Fujitsu 1998).

start

input/output of data

average processing as equation (3)

calculating grey relational coefficient as
equation (4)

calculating grey relational grade
as equation (5)

arranging in relational grade order

end

FIGURE 2 - The block diagram for the
procedures of grey relational grade calculation.

TABLE 1 - Quantum chemical parameters and photocatalytical reaction rate constants of CPs.
Compounds
2-CP
4-CP
4-Cl-3-Me-P
2,4-DCP
2,4,6-TCP
HOF
-27.070
-28.472
-37.057
-33.924
-39.519
EE
-5551.107
-5476.557
-6730.613
-6777.787
-8166.244
CCR
4153.050
4078.439
5182.817
5077.813
6165.408
µ
1.918
1.395
1.045
2.062
1.002
Ehomo
-9.041
-9.009
-8.951
-9.055
-9.125
Elumo*
0.029
0.049
0.048
-0.0217
-0.442
Mw
128.588
128.588
142.585
163.003
197.448
α
60.272
60.754
68.796
70.466
81.178
qC
-0.086
-0.084
-0.079
-0.089
-0.089
qH
0.128
0.133
0.214
0.142
0.156
qCl
0.094
0.063
0.065
0.094
0.092
Elumo-Ehomo
9.070
9.085
8.999
8.838
8.683
Elumo+Ehomo
-9.012
-8.9960
-8.903
-9.272
-9.567
(Elumo-Ehomo)2
82.265
82.047
80.982
78.110
75.394
N
1
1
1
2
3
k1(MW/UV/TiO2)
26.2
21.9
36.4
33.2
10.1
k2(MW/UV)
22.1
20.6
29.0
22.9
21.4
Elumo* was not included in grey relational grey calculation because of the greater difference between the negative and positive value of Elumo.

1350

PCP
-48.392
-11343.159
8739.700
1.104
-9.136
-0.789
266.338
102.454
-0.107
0.209
0.128
8.347
-9.925
69.672
5
9.7
4.2
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After inputting the data in Table 1, the output results
are ordered as follows:

µ >(Elumo-Ehomo)2 > Elumo-Ehomo >
Ehomo >Elumo+Ehomo >qC > qH > qCl > Mw > α > HOF >
MW/UV/TiO2 system.

CCR > EE > N. The results of the grey relational grade are
listed in Table 2.

More significant than other descriptors is µ in governing photocatalytic degradation of the CPs in the process of
MW/UV/TiO2, because µ is a measurement of the asymmetry in molecular charge distribution. Intermolecular
interactions are fundamental of electromagnetic origin, arising from Coulomb interactions between the electrons and
nuclei in the molecules. The descriptor µ dominates the
electrostatic force. In addition, it has a great effect on the
induction force, because of induced dipole/permanentdipole interaction [11]. It has been established that a
microwave field could attribute to the polarization effect
of the highly defected catalysts [7].

TABLE 2 - Grey relational grade and
effect orders on photocatalytic degradation of CPs.
Descriptors
HOF
EE
CCR

MW/UV/TiO2 system
0.6581(11)
0.6338(13)
0.6368(12)
0.8060(1)

MW/UV system
0.7320(9)
0.6986(12)
0.6964(13)
0.8079(2)

Ehomo
Mw

0.7278(4)
0.6643(9)
0.6590(10)

0.7959(4)
0.7222(8)
0.7209(10)

qC
qH
qCl
Elumo-Ehomo
Elumo+Ehomo
(Elumo-Ehomo)2
N

0.7110(6)
0.6938(7)
0.6728(8)
0.7352(3)
0.7218(5)
0.7418(2)
0.5543(14)

0.7709(7)
0.7773(6)
0.7073(11)
0.8031(3)
0.7876(5)
0.8108(1)
0.5832(14)

µ

α

increased with increase of Elumo+Ehomo values. The results
of this study quitely agreed with the literature. Table 2
showed that in MW/UV and MW/UV/TiO2 systems, molecular structural descriptors µ, Elumo-Ehomo, Ehomo, (ElumoEhomo)2, Elumo+Ehomo and qC are more significant than the
other descriptors in governing photocatalytic degradation
rate constant of CPs.

The number in bracket is the effect order of the molecular structural descriptors.

From the principle of grey relational analysis, it is
known that a relational grade close to 1 means the correlative extent of the factor to rate constant is great, or the photocatalytic activity changed with the factor is great. According to grey theory, r  0.7 indicates a noticeable influence. In MW/UV/TiO2 system, the results showed that
six factors have influenced the rate constant. There were
noticeable influences by µ, (Elumo-Ehomo)2, Elumo-Ehomo, Ehomo,
Elumo+Ehomo and qC. As shown in Table 2, molecular structural descriptors µ, with a grade of grey relation of 0.8060,
had the largest correlation with the photocatalytic activity
of CPs.
MW/UV system. Table 2 shows all the grey relational
degrees in MW/UV system. Similary, The grey relational
sequence is as follows:

(Elumo-Ehomo)2>µ>Elumo-Ehomo>Ehomo>Elumo+Ehomo >qH>qC
>Mw>HOF> α >qCl>EE>CCR>N.
There were noticeable influences by (Elumo-Ehomo)2, µ,
Elumo-Ehomo, Ehomo, Elumo+Ehomo, qH, qC, Mw, HOF, α and
qCl.
It means that the sequence in MW/UV system was
similar to that in the MW/UV/TiO2 one.
It was reported that Elumo-Ehomo and (Elumo-Ehomo)2 were
significant in PAH-photoinduced toxicity QSAR studies,
and direct photolysis rate constant QSPR studies [8, 9]. The
descriptor Elumo+Ehomo was shown to be significant in direct
photolysis quantum yield QSPRs studies on substituted
aromatic halides. Chen et al. [10] have also found that direct
photolysis quantum yields of substituted aromatic halides

In the photochemical system, the higher efficiency of
the UV process with microwave irradiation is attributed to
more electronically excited states of 4-CP generated in a
microwave field. It seems that the role of microwave irradiation in the integrated UV process is to produce more •OH
and electronically excited states of 4-CP. As in photocatalytic system, the enhancing effects of microwave irradiation can be attributed to more •OH generation, and polarization effect of the highly defected TiO2 [12]. It is worth
pointing out that microwave radiation is not simply a source
of heat that accelerates the degradation reactions. Other
factors that we refer to as non-thermal ones are also functioned. In this regard, electron paramagnetic resonance
(EPR) spectroscopic evidence showed that a greater number of •OH radicals are produced in the microwave-assisted
photocatalytic process in aqueous TiO2 dispersions [13].
However, the grey relation calculation results show
that (Elumo-Ehomo)2 is at the top of the rank of significance
in MW/UV system, which is not consistent with the calculation results in MW/UV/TiO2. The reason is, microwave
alone has no contribution to the degradation of CPs [14].
With the addition of TiO2 (P25) into the MW/UV system,
TiO2 became a predominant factor, and the degradation of
CPs in MW/UV/TiO2 system was greatly enhanced.
Energy of the highest occupied molecular orbital (Ehomo)
is a parameter associating with the ability of electron donating, which characterized the reactivity of a molecule based
on the theory of molecular frontier orbital. The Ehomo of an
organic compound is a negative value, and, the smaller it
was, the worse the ability of electron donating of the compound was, and, thus, the worse the reactivity of this compound was. According to the theory of molecular frontier
orbital, if an organic compound had larger Ehomo value, it
was easier to be oxidized [15]. As can be seen from Table 2,
4-Cl-3-Me-P has the highest degradation rate constant, and
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this is in line with the above states. Meanwhile, it is noticed
that -CH3 of 2,4-Cl-3-Me-P molecule is an electron-donating group, and the addition of -CH3 will enhance the
hydroxyl oxidation reaction consequently.
Elumo can be used as a measurement of molecular capacity to accept an electron pair. The gap (Ehomo-Elumo) between Ehomo and Elumo expresses the necessary energy to
excite an electron from Ehomo to Elumo. It is proportional to
the frequency of the absorbed photon [16]. Compounds
with larger gap at constant light intensity exposure, absorb
at lower wavelengths and may result in greater reactivity.
As for qC, this descriptor may relate with the polarity
of the molecules. The greater the qC value, the greater the
rate constant. This is consistent with the experiment results in literature [17].
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DISTRIBUTION OF SELENIUM AND SOME TRACE
ELEMENTS AT DIFFERENT DEPTHS OF SOIL CORE
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SUMMARY

face, oxidation/reduction processes, and mineral composition [3, 4].

Distribution and concentration of Se, Mn, Fe, Co, Cu,
Ni, Zn, Cd, Pb and Cr were determined in different depths
of soil collected from industrial and agricultural lands in
Kayseri (Turkey) using ICP-OES methods. The possibility
of industrial and agricultural pollution by these elements in
soil core was investigated using combined enrichment and
anthropogenic factor formulas. The concentration of selenium and other trace elements in the surface soil was higher than in subsoil and deep subsoil. The results showed that
concentrations of Co, Cr, Ni and Pb decreased with soil
depth, but Mn steadily increased with depth. The maximum
value of enrichment factor (EF) was obtained from nickel,
and that of anthropogenic factor (AF) from cadmium, in
depths of 35-50 cm.

Selenium is particularly concentrated in the soils of
drier regions of the world, where the soil pH tends to be
more alkaline. When selenium occurs in alkaline soils (soils
with volcanic activities in Kayseri) in its oxidized form
(selenate), the selenium becomes water-soluble. This form
is highly toxic, easily leached from the soil and available to
plants [5]. As a natural constituent of soil minerals, it is
normally present in soil at low contents ranging from 0.01
to 2 mg kg-1 [6]. Although copper and zinc are essential for
biological organisms` growth like selenium, other trace
elements, such as cadmium, lead and nickel, are not required for growth and have been considered to be toxic with
respect to human health and aquatic life.
Knowledge on the contamination of soil with different
kinds of heavy metals from agricultural and industrial
areas is not well established in Kayseri. So, the aim of this
study was to examine distribution and levels of selenium
and some trace elements (Cr, Cd, Pb, Zn, Fe, Co, Cu, Ni
and Mn) in different depths of soil core.

KEYWORDS:
Selenium, lead, correlation, distribution, pollution.

INTRODUCTION
Heavy metal contamination from different source
kinds is an important environmental problem. Many industries, such as automotive, metal finishing, electroplating, battery manufacturing, mining, electric cable manufacturing, tannery, steel and textile industries, release various
concentrations of heavy metals like cadmium, nickel and
copper in their wastewaters. During recent years, the increases in hu-man population as well as activities and discharges from in-dustries into soil systems have led to
accumulation of sig-nificantly toxic levels of heavy metals in different compartments of these kinds of systems.
Selenium is an essential element for living organisms, and
the main function in organisms is its biochemical resistance to some diseases [1]. The narrow gap of dietary
intake between necessary and toxic concentrations of selenium is 0.04-4 mg kg-1 [2]. The concentrations and chemical forms of trace elements in soil and drainage water are
governed by different factors, such as pH, adsorbing sur-

MATERIALS AND METHODS
Sample collection and preparation

Soil samples were collected from 20 different stations,
which are close to agricultural and industrial areas as well
as highways in Kayseri (Turkey). Kayseri is located in the
centre of the country (380-44’ N; 390-29’ E), has been quickly industrialized producing refined sugar, cement, textiles,
home appliances, aircraft spare parts, machinery and processed food. This area was probably polluted by industrial
and domestic wastes, as well as herbicides and pesticides
used in surrounding agricultural areas. The soil samples at
depths from surface to 50 cm were collected with a stainless steel crab, air-dried and passed through a 2-mm sieve.
Samples of dry milled soils were ashed at 460 0C for 24 hrs,
while the weighed ash was digested with aqua regia. In
addition, in order to determine water contents, soil samples were dried at 105 C0 for 24 h and weighed carefully.
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Determinations of the elements in all samples were carried out using a Varian ICP-OES instrument.
Determination of Anthropogenic Factor

In this study, we have calculated the anthropogenic
factor (AF) for sampling site using the formula given below
[7]:
AF = Cs /Cd, where Cs /Cd refers to the concentrations
of elements on the surface (0-10 cm) and at 10–35 cm and
35–50 cm depths of soil, respectively.
Enrichment Factor

In order to evaluate the data in more detail, we have
calculated the enrichment factor (EF) for the sampling site
of Kızılırmak River. Additionally, both calculations were
used to compare the two different factors Igeo and EF [8]:
Cn (sample) / Cref (sample)
EF =
Bn (background) / Bref (background)
where Cn (sample) is the concentration of the examined
element, Cref (sample) is the concentration of the reference
element in the examined area, Bn (background) is the concentration of examined element in the reference environment, and Bref (background) is that of the reference element in the reference environment. A reference element is
the one characterized by low occurrence variability. The
most common reference elements are Mn, Ti, Al, Fe and
Sc [9]. According to Sutherland [10], there are five contamination categories recognized, on the basis of the EF
(EF <2: Deficiency to minimal enrichment; EF = 2-5: Moderate enrichment; EF = 5-20: Significant enrichment; EF =
20-40: Very high enrichment; EF >40: Extremely high enrichment) [11].
Statistical analysis

The SPSS (Statistical Package for the Social Sciences)
statistical program was used to calculate standard deviations, means, variance (ANOVA), factor and cluster analyses.
RESULTS AND DISCUSSION
Concentrations of Se, Mn, Fe, Co, Cu, Ni, Zn, Cd, Pb
and Cr were determined in the different depths of soils
collected from industrial and agricultural lands in the study
area. The results indicated that selenium and other trace
element levels in the surface soil were higher than in subsoil or deep subsoil. As shown in Table 1, the mean concentrations of selenium and other trace elements in soil core
have varying levels (Se (22.25-24.72 µg g-1), Cr (57.1570.2 µg g-1), Pb (13.61-19.3 µg g-1), Zn (68.3-72.6 µg g-1)
and Mn (460.3-491.2 µg g1). The total selenium content
of surface soil series was much higher than those of subsoil and deep subsoil. Wang and Chen [12] implied that this

trend is related to agricultural activity and atmospheric fallout, because surface soil can receive much more fallout and
extensive agricultural activity than sub and deep subsoil.
Selenium is often associated with sulphur compounds, widely distributed by combustion fumes, especially from power
stations. It is also present in paints and waste products from
a number of industries (metal refining, glass, rubber and pigments), and used in some insecticides. Our results agreed
with the reports of Huang et al. [13] and Wang and Chen
[12], who found that the total selenium content of surface
soil was much higher than that of subsoil. Huang et al. [13]
noted that total selenium concentrations of samples from
depth of 0-1.5 cm of arable soils in Taiwan ranged between
0.03-0.23 mg kg-1. Table 1 shows that there are similar trends
for other trace elements, such as Zn, Pb and Cr, and their
concentrations in soil samples revealed different vertical
distribution patterns. In soil, for example, Co, Cr, Ni and
Pb showed steadily decreasing concentrations with depth,
but with a pronounced peak at a depth of 20-35 cm. Mn,
however, showed a pronounced minimum between 0-10 cm
in the core. As a result, in soil, Se, Cd and Cu decreased
with depth, although Co, Cr, Pb and Ni displayed peaks at
plant debris depth, commonly 0-10 cm. In contrary, manganese increased steadily with depth in the soil. Glasby and
Schulz [14] noted that Mn, Fe and Co are known to be redox-sensitive elements which can migrate under the influence of changes in environmental redox conditions.
The range of pH values obtained from different depths
of soil was 7.76-8.96. The results indicated that the pH
(acidity) values of surface soils (0-10 cm) were generally
lower than those of subsoil (10-35 cm) and deep subsoil
(35-50 cm) layers. In addition, the values of water content
of soils were determined, and water contents of surface soil
were higher than those of subsoil and deep subsoil. As wellknown, pH and water content of soil systems are important for levels of trace elements, such as selenium,
zinc, lead and cadmium.
Table 2 shows the EFs ranging from 0.26 to 2.3, and
minimum values of EF implied Fe deficiency in study area.
Nevertheless, the maximum EF values pointed to considerable enrichment of soil with nickel, chromium and iron,
with more varying values compared to other elements, such
as cobalt and lead. The results showed that the AF values
for Cd (1.81), Pb (1.41) and Cr (1.23) are higher than those
of Se (1.11) and Mn (0.95), probably caused by some fuels
or alloys, and other processes of industry surrounding study
area. Furthermore, this may be related to the status of study
area, situated on the intersection of highways with rather
high traffic density. The AF was highest for cadmium in
depths of 35-50 cm (1.81) (Table 2). Similar results were
obtained by Glasby et al. [14], and Szefer et al. [7] noted
that AF results showed that P, Cu, Pb, Sb, Cd and Zn are
anthropogenically enriched in the sediments from the southern Baltic Sea.
In conclusion, increase in the ratio of industrial and
farming activities gives rise to the enrichment of soil by
different elements in the study area. In other words, sele-
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nium and other trace elements were probably leached from
different industrial smelters and agricultural activity in soil

samples.

TABLE 1 - Distribution patterns of element concentrations (means) with depth (cm) in soil core collected from study area.
Depths of soil (cm)

Elements

0-10
30.3 ± 6.8
19.3 ± 1.7
70.2 ± 11.7
24.72 ± 0.04
74.1 ± 6.9
460.3 ± 16.2
23.4 ± 1.2
72.6 ± 18.4
1.65 ± 0.07
3.9 ±.0.7

Cu
Pb
Cr
Se
Ni
Mn
Fe
Zn
Cd
Co

10-20
26.7 ±. 1.1
17.6 ± 2.1
62.99 ± 3.5
22.25 ± 1.4
66.1 ± 11.5
483.9 ± 23.4
22.97 ± 1.1
71.4 ± 0.7
0.94 ± 0.01
3.55 ± 0.08

20-35
25.65 ± 0.01
17.79 ± 2.1
65.72 ± 11.4
23.2 ± 3.4
72.45 ± 14.5
486.7 ± 14.2
23.4 ± 0.9
68.3 ± 17.1
0.97 ± 0.09
9.5 ± 1.1

35-50
25.24 ± 1.4
13.61 ± 0.4
57.15 ± 0.08
24.13 ± 0.8
62.68 ± 0.05
491.2 ± 22.7
23.4 ± 0.9
68.52 ± 12.4
0.91 ± 0.98
3.2 ± 0.07

TABLE 2 - Enrichment factors (EFs) and anthropogenic factors (AFs)
for each element in three different depths (10-20/ 20-35/ 35-50 cm) of soil core.
Elements

EF

Co
Cr
Cd
Fe
Mn
Ni
Pb
Se
Zn
Cu

0.59
2.14
1.48
0.26
1
2.3
0.57
0.44
1.16
0.89

AF
20-35 cm
0.41
1.07
1.7
1
0.94
1.02
1.09
1.07
1.06
1.18

10-20 cm
1.09
1.12
1.76
1.02
0.95
1.12
1.1
1.11
1.02
1.14

Trace elements (Se, Co, Cr, Mn, Co, Ni, Cu, Zn, Cd
and Pb) in soil core are generally significantly different at
p<0.01 and p<0.05 levels. Among these, inter-trace element
relationships, the correlation between Se and Cu is the most
significant one (r = 0.99, p<0.01). Selenium has a similar
behavior as Cu, and exhibits a strong potential to form a
range of stable soluble inorganic complexes, causing large
variations of Se levels in every depth, and resulting in weak
correlations with other metals. Furthermore, this situation
of selenium and copper may reflect a similar behavior, or
suggest common sources to both elements.
Other high correlations in soil were recognized for the
groups of Ni-Cr (r = 0.93; p<0.05), Cu-Cr (r = 0.92; p<0.01)
and Se-Fe (r = 0.91; p<0.05). Furthermore, the results
showed that there are strong correlations between different groups of elements, such as Se-Cu (r = 0.8; p<0.05),
Ni-Mn (r = 0.79; p<0.05) and Se-Co (r = 0.75; p<0.05). In
contrary, negative correlation was obtained from groups
of Mn-Pb (r = - 0.31; p<0.01) and Zn-Co (r = - 0.38; p<
0.05)
According to the results of factor analysis, three principal groups of metals were extracted from the soil data sets.
In soil, factor 1 (or group 1) is expressing about 43.5 % of
the total variance, including iron, selenium and cadmium.

35-50 cm
1.23
1.23
1.8
1
0.94
1.2
1.41
1.03
1.06
1.20

Factor 2 includes chromium and nickel expressing about
23.3 % of total variance, and factor 3 includes copper representing about 12.9 % of total variance. Furthermore, all
the remaining factors are not significant. According to these
results, three different clusters were obtained for soil samples.
Analysis of variance (ANOVA) was used to determine
significant differences among means of soil samples collected from different depths. There were no statistical differences of Cd content of soil samples (F = 0.496; sd = 3;
p = 0.068). The highest Pb content was observed for depths
of 0-10 cm (F = 1.228; sd = 3; p< 0.03), and the lowest
for depths of 20-35 cm. There were also no statistical significances for depths of surface soil (0-10 cm) and subsoil
(10-20 cm) concerning Se levels (F = 0.26; sd = 3; p =
0.08). Furthermore, the highest Ni concentrations were obtained from surface soil (F = 1.92; sd = 4; p < 0.001), and
the lowest from 20-35 cm depths (F= 0.74; sd= 4; p = 0.05).
Additionally, differences of Cu and Fe concentrations of
samples collected from different soil depths were not statistically important, and the highest Cu concentrations were
obtained from surface soil (F= 1.103; sd= 3; p = 0.07).
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CONCLUSIONS

[11] Riley, J.P. and Chester, R. (1971). Introduction to marine
chemistry. Academic Press, London, p. 465.

1) The present investigation provides primary field data
for distribution of selenium and other trace elements in
soil core from Kayseri region, Turkey. The global mean
concentration of the metals was Mn > Se > Zn > Cr
(350-713/40-42/20-125/6-98 µg g-1, respectively).
2) Factor analysis showed that the elements in the soil
core can be divided into three main groups according to
distribution of elements.
3) In this study, inter-element correlations between selenium and other trace elements were different in soil
core, and strongest correlation was obtained between
selenium and copper (r = 0.99).

[12] Wang, M.C. and Chen, H.M. (2003). Forms and distribution
of selenium at different depths and among particle size fractions of three Taiwan soils. Chemosphere 52, 585-593.
[13] Huang, W.I., Wen, H.M. and Chern, J.C. (1987). Selenium
content of soils, crops and foods in Taiwan area. J. Chin.
Agric. Chem. Soc. 25, 150–158 (in Chinese)
[14] Glasby, G.P. and Schulz, H. D.E. (1999). pH diagrams for
Mn, Fe, Co, Ni, H Cu and as under seawater conditions: application of two new types of E, pH diagrams to the study of
specific H problems in marine geochemistry. Aquat Geochem 5, 227 –248.
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SUMMARY
The effects of copper on gonadosomatic and hepatosomatic indices and on condition factor of Oreochromis
niloticus were studied by exposing the animals to 0.1 mg/L
Cu for 30 days. The mentioned indices and condition factor
were calculated using standard formulas. No mortality was
observed during the experiments. Copper increased the hepatosomatic index, but decreased both the gonadosomatic
index and the condition factor. Variations in the measured
parameters under the effect of copper were probably due to
alteration of reproduction and growth, as a result of changes
of the metabolic activities.

KEYWORDS:
Condition factor, copper, gonad, liver, Oreochromis niloticus.

INTRODUCTION
Together with geochemical and atmospheric events, anthropogenic inputs, such as urban, industrial and agricultural
activities, increase the heavy metal levels in aquatic environments, resulting in serious environmental and health
problems [1].
Copper is a trace element that is needed in small
amounts by animals for various metabolic activities. Main
source of copper in aquatic environments is its excessive
usage in agriculture and electricity, dye, paper and glass
industries. High concentrations of copper entering into the
aquatic environment can cause mass deaths in aquatic organisms, especially in fish, while at lower concentrations
tissue accumulation, structural and functional disorders occur, at molecular and cellular levels [2].
Various studies carried out with different fish species
have shown that long-term exposure to copper causes necrosis in liver [3], hypoxia at tissue level caused by hyperplasia of gill epithelium resulting in an increase in opercu-

lum movements [4], and histopathological changes in spleen
and kidneys [5]. Copper changes the intermediate metabolism through enzymes, decreases the food conversion rate
into organic compounds, and delays gonad maturation period [6].
Fish accumulate copper firstly in metabolically active
organs, such as liver, spleen, kidneys and gonads at high
concentrations, when exposed to sublethal concentrations,
effecting tissue structure and somatic indices [7-10].
The study material, Oreochromis niloticus, can be easily fed, grown and reproduced under culture conditions, it
is resistant against pollutants and diseases, and its cultivation is rather widespread in tropic countries.
Fish are an important link in the aquatic food chain and
an important protein source for various organisms. Since
the changes in liver and gonads under the effect of copper
reflect the development and reproduction status of the fish,
the present study was undertaken to find out the effect of
copper on hepatosomatic and gonadosomatic indices along
with the condition factor, after exposing the animals to
0.1 mg/L sublethal copper concentration.
MATERIALS AND METHODS
Experiments were carried out at the laboratory of Natural Sciences, Mersin University, adjusted to 25±1 0C under 12-h light/dark illumination regime.
Experiments were run in duplicate, each containing
5 fish. Selected copper concentration is twice the amount
given for second quality waters [11]. Two glass aquaria
(40x120x40 cm in size) were filled with 120 L of 0.1 mg/L
copper solution, and copper-free matured tap water, respectively. Fish in control and experimental aquaria were fed
with commercial fish pellets (Pınar, Pelet No. 2) during
the 30 days of experiments. The daily amount of pellets
given to each aquarium was 2% of the total biomass.
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Aquaria were aerated using a central aeration system,
and some physical and chemical parameters of the water
were as follows:
Temperature: 24 ± 1 oC, total hardness: 230 ± 0.75
mg/L CaCO3, total alkalinity: 326 ± 0.50 mg/L CaCO3,
pH: 7.40 ± 0.20, and dissolved O2: 6.4 ± 0.70 mg/L
The water in the experimental aquarium was replaced
with fresh copper solution once in two days during the experimental period, to avoid changes in copper concentration due to evaporation, adsorption and precipitation. Fish
were removed from the aquaria at the end of the experiment
and superficial water was removed using a drying paper.
Their weights and lengths were recorded, and their liver
tissues and gonads were then dissected and weighed.
Hepatosomatic and gonadosomatic indices and condition factor values were calculated according to Levesque
et al. [3].
Hepatosomatic Index (HSI) % = [Liver wet weight (g)/
Total body weight (g)] x 100
Gonadosomatic Index (GSI) % = [Gonad wet weight
(g)/ Total body weight (g)] x 100
Condition Factor (CF) % = [Total body weight (g)/
(Length (cm))3] x 100
Arcsine transformation was applied to the data before
testing the significance using one-way ANOVA/SPSS statistical software package, version 11).

RESULTS
Changes in hepatosomatic and gonadosomatic indices
as well as condition factor of O. niloticus under the effect
of 0.1 mg/L Cu over 30 days are given in Figure 1.
No mortality was observed during the 30 days of experimental period. However, copper caused coordination
disorders in movement, a decrease in feeding behavior, and
an increase in operculum movements. Fish tend to move
towards the surface of water.
There was a significant increase in hepatosomatic index
and a significant decrease in gonadosomatic index of the
copper-exposed fish, compared with the control (P<0.05)
(Figure 1).
Heavy necrosis and a noticeable increase in mass were
observed in the dissected livers of copper-exposed fish,
whereas gonadal mass decrease and morphological anomalies were evident in the gonads of the exposed fish.
Condition factor of exposed fish decreased significantly
under the effect of copper (P<005). When the weight and
length of the experimental and control fish were compared
at the beginning and end of the 30-days experiments, no
significant difference was found in the parameters mentioned in copper-exposed fish (P>0.05), while the length
and weight of the control fish increased significantly during
this period (P<0.05).

FIGURE 1 - Effects of copper on hepatosomatic index, gonadosomatic index
and condition factor in Oreochromis niloticus exposed to 0.1 mg/L Cu over 30 days.

1360

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

DISCUSSION AND CONCLUSIONS
No mortality was observed in fish exposed to 0.1 mg/L
Cu during the 30-days experiment. Sublethal concentrations
of copper did not cause mortality over 30 days of exposure
in Cyprinus carpio [12] and in Tilapia zillii [5], which was
proposed to be due to an increase in the synthesis of metalbinding proteins, such as metallothionein and glutathione,
and by decreasing breathing and swimming performance,
to use energy sources economically.
Chronic exposure of Oncorhynchus mykiss to copper
initially causes stress, and behavioral changes are similar to
those observed in fish under hypoxic conditions as a result
of dense stocking. These changes, however, disappear on
prolonged exposure periods [2]. Similar changes, following
a recovery, were observed in O. niloticus exposed to copper.
Behavioral changes at the beginning of the experiments were
probably a reaction to the metal in their environment, followed by an adaptation period.
Maximum accumulation of copper occurred in the liver
of O. mossambicus exposed to low levels of the metal for
prolonged periods, suggested to be due to binding of metal
by detoxification proteins, such as metallothionein and
glutathione [13]. Cadmium was shown to decrease total
body-weight, while causing an increase in liver- weight of
O.aureus exposed to 0.5 and 1.0 mg/L Cd [14]. However,
a decrease both in GSI and HSI was observed in Notopterus notopterus, when exposed to sublethal concentrations of Hg and Cd [15]. An increase in liver weight and
decrease in total weight was also observed in O. niloticus
ex-posed to 0.1 mg/L Cu over 30 days. The increase in
hepatosomatic index under the effect of copper might be
due to the increases in concentrations of metal-binding
proteins and the numbers of cellular fractions triggered by
detoxification mechanisms.

tion of metabolic activities under the effect of metal accumulation might be responsible for the decrease in gonadosomatic index.
Studies carried out with various fish species revealed
that heavy metals slowed down development, decreased
condition factor and the food-converting capacity to body
components [23, 24]. Liver acts as a detoxification centre
in fish, as well as converting food to body constituents [8],
a detoxification hindering conversion process.
Stress conditions in fish resulting from either heavy
metals, stocking density, hypoxic conditions or other environmental variables have a negative effect on growth, and
decrease condition factor by increasing energy requirement
[25]. Studies carried out with Perca flavescens in nature
showed that growth rate and condition factor decreased
under the effect of heavy metals because of either the direct
effects of metals on metabolic events, or indirectly by decreasing their food sources [26, 27]. Copper in the present
study decreased condition factor significantly, probably
by affecting the metabolism.
In conclusion, exposure to 0.1 mg/L Cu over 30 days
had a negative effect on gonad development and growth
rate in O. niloticus by causing metabolic disturbances.

Testicles and ovaries of Clarias batrachus accumulated significantly higher amounts of copper compared with
controls, when chronically exposed to the metal [16]. Tissue
metal accumulation of T. zillii, sampled from lakes which
had high levels of copper, cadmium, zinc and lead, was
dependent on sex, as females accumulate higher amounts
than males [17]. Gonad development of C. batrachus was
inhibited when exposed to 5 mg/L copper over 150 days
[18]. Compared with the control, an 80% decrease in reaching sexual maturity was observed in Poecilia reticulata fed
with Cd-containing Chironomus yoshimatsui [19]. This was
suggested to be due to prevention of gonad development,
caused by metal accumulation in reproductive organs.
Chronic copper exposure decreased lipid reserves of
Catostomus commersoni [20], while cadmium decreased
the liver glycogen reserves in O. mossambicus [21]. Cadmium initially increased the activity of enzymes functioning in glyconeogenic and lipid metabolisms. However, enzyme inhibition was observed on prolonged exposure in
Channa punctatus [22]. Gonadosomatic index of O. niloticus decreased significantly in copper-exposed fish. Altera-
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SUMMARY
Seventeen minor elements (B, Ca, Co, Cu, Fe, Ga, In,
K, Li, Mg, Mn, Na, P, Se, Tl, V, Zn) and eight heavy metals (Ag, Al, As, Cd, Cr, Ni, Pb, Sr) were determined in
twenty three wild growing and edible mushrooms (Sarcosphaera crassa, Pluteus salicinus, Sarcodon leucopus,
Russula delica, Cantharellus cibarius, Tricholoma fracticum, Morchella rotunda, Morchella vulgaris, Suillus luteus, Lactarius deliciosus, Morchella costata, Agrocybe
aegerita, Morchella deliciosa, Helvella leucopus, Morchella umbrina, Morchella rigida, Ramaria flava, Lactarius
salmonicolor, Armillaria mellea, Lactarius piperatus, Suillus variegatus, Lactarius intermedius, and Tricho-loma
portentosum) collected from the Western Black Sea Region of Turkey. All the analyses were carried out by use
of ICP-AES apparatus. The obtained data were analyzed
statistically by two-way ANOVA test. The results showed
that there were statistically meaningful differences among
the elements analyzed.

KEY WORDS: Minor elements, heavy metals, edible mushroom,
Black Sea Region, Turkey.

INTRODUCTION
Wild growing macro-fungi are a favourite delicacy in
many countries, and collected by mankind to make a substantial contribution to food intake. Therefore, it is necessary to comprehend the levels of both the toxic and essential elements in their composition. Many investigations
have dealt with the metal contents of cultivated and wildgrowing mushrooms. When their composition was compared with green plants, their accumulation and uptake of
heavy metals, such as Cd, Hg, or Pb, was found to be considerably much more than in green plants [1-5]. It was also
reported that the accumulation of heavy metals by mushrooms has been known for a few decades, and several re-

searches describing metal content in fruit bodies have been
published [6-10]. The factors governing the accumulation
of metals in mushrooms are not well-known. The principal
factors influencing the accumulation of heavy metals in
macro-fungi are environmental ones (metal concentration
in soil, pH, and contamination by atmospheric deposition)
and fungal ones (fungal structure, morphological portion,
development stages, biochemical composition, and decomposition activities) [6].
The purpose of the present work is to evaluate the concentrations of toxic (Ag, Al, As, Cd, Cr, Ni, Pb, Sr) and
essential (B, Ca, Co, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na,
P, Se, Tl, V, Zn) elements in 23 wild-growing and edible
species (Sarcosphaera crassa, Pluteus salicinus, Sarcodon
leucopus, Russula delica, Cantharellus cibarius, Tricholoma fracticum, Morchella rotunda, Morchella vulgaris,
Suillus luteus, Lactarius deliciosus, Morchella costata,
Agrocybe aegerita, Morchella deliciosa, Helvella leucopus, Morchella umbrina, Morchella rigida, Ramaria
flava, Lactarius salmonicolor, Armillaria mellea, Lactarius piperatus, Suillus variegatus, Lactarius intermedius, and Tricholoma portentosum), collected from western Black Sea region in Turkey, consisting of seven provinces. This article also attempts to broaden the investigated
mushroom species in regards to heavy metals and essential minor elements.
MATERIALS AND METHODS
This study was carried out in western Black Sea region of Turkey between 1998-2001. The areas of study included pasturelands, forests and lawns, which possess favourable environmental conditions for the growth of mushrooms. The macro-fungi were collected from those areas in
autumn, spring and summer.
The habitat and morphological characteristics of macrofungi found in the localities were recorded and photo-
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graphed for diagnosis. The macro-fungal specimens were
then transferred to the laboratory. Spore prints were made
to determine the colour of spores, and they were then employed to determine the measurements. Finally, each species
was identified as described in our previous studies [11, 12].
The families and species of investigated macro-fungi are
given in details in Table 2. Totally, 23 species’ specimens
were analyzed as whole mushroom bodies.
At first, the collected fresh samples were freed from
foreign materials. Damaged or soiled (muddy) parts were
trimmed off with a plastic knife, and smaller particles were
removed with a fine brush. Samples were air-dried for several days, and then dried down in an oven at 40 °C for 48 h.
For the element determinations, 0.5 g of dried-powdered
specimens from each sample was used. Specimens were
prepared by Gezgin et al. [13], and all the measurements
were taken by the use of a Varian Vista Model ICP-AES
apparatus [14].
RESULTS AND DISCUSSION
Twenty-three wildly growing and edible mushrooms
(for individual species, see Introduction) were collected

from different parts of the study area and analyzed with
regard to their minor and heavy metal element contents.
The analyses results are shown in Tables 1-2 as average values of duplicate determinations. The results were
analyzed statistically by two-way ANOVA. Firstly, the
element values in the same species were compared, and then
the same elements were compared in all the species examined (p≤0.05 was accepted as statistically meaningful value).
The minor and essential elements are of great biochemical interest, and have nutritional and clinical values. The
amounts of minor element contents are related to species
of mushrooms, age of fruiting bodies and mycelia [1]. According to our data, B, analyzed in all species, showed a
range between (µg/g dry weight) 0.13-1.71; followed by Ca,
1.24-1.73; Co 0.01-0.061; Fe 0.94-29.4; Ga 0.001-0.055;
In 0.041-0.105; K 41.8-167; Li 0.094-0.186; Mg 2.36-31.5;
Mn 0.04-1.51; Na 0.8-9.2; P 22.9-153; Se 0.002-0.16; Tl
0.009-0.13; V 0.002-0.142; and Zn 0.14-1.08, respectively.
From the point of view of heavy metals, their ranges
(µg/g) were found to be as follows: Ag 0.0011-0.09; Al
1.90-15.25; As 0.003-8.80; Cd 0.002-0.036; Cr 0.08-1.68;
Ni 0.009-0.85; Pb 0.004-0.07; and Sr 0.002-0.76.

TABLE 1 - Heavy metal contents (µg/g dry weight) of mushrooms analyzed (Results are the means of triplicate
analysis with good reproducibility; there were not more than ±0.08 differences concerning all the data given in the table).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Ag
0.044
0.007
0.0086
0.016
0.022
0.016
0.0074
0.014
0.015
0.018
0.017
0.030
0.0011
0.062
0.090
0.087
0.074
0.063
0.088
0.032
0.070
0.078
0.086

Al
7.5
15.25
2.74
6.37
12.53
2.54
11.05
1.90
8.76
13.58
7.4
5.6
2.79
4.04
10.16
13.61
2.28
4.56
6.32
12.15
4.32
3.50
4.51

As
8.80
0.22
0.003
0.02
0.03
0.048
0.11
0.12
0.15
0.14
0.15
0.08
0.15
0.11
0.51
0.24
0.22
0.54
0.44
0.50
0.40
0.44
0.22

Cd
0.016
0.009
0.035
0.034
0.036
0.030
0.031
0.036
0.034
0.030
0.024
0.019
0.029
0.033
0.002
0.007
0.010
0.010
0.008
0.004
0.003
0.003
0.018

Mushroom species shown in Table 1 are:
1: Sarcosphaera crassa
2: Pluteus salicinus
4: Russula delica
5: Cantharellus cibarius
7: Morchella rotunda
8: Morchella vulgaris
10: Lactarius deliciosus
11: Morchella costata
13: Morchella deliciosa
14: Helvella leucopus
16: Morchella rigida
17: Ramaria flava
19: Armillaria mellea
20: Lactarius piperatus
22: Lactarius intermedius
23: Tricholoma portentosum
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Cr
0.98
0.17
1.00
0.16
0.69
0.14
0.19
0.08
0.15
0.36
1.68
0.46
0.36
0.80
0.19
0.44
0.25
0.24
0.08
0.10
0.20
0.62
0.31

Ni
0.31
0.07
0.55
0.08
0.17
0.05
0.07
0.04
0.07
0.18
0.40
0.20
0.23
0.30
0.68
0.41
0.15
0.07
0.04
0.009
0.015
0.13
0.85

Pb
0.02
0.009
0.004
0.03
0.04
0.07
0.01
0.06
0.04
0.02
0.02
0.016
0.05
0.007
0.06
0.02
0.018
0.02
0.05
0.016
0.02
0.034
0.06

3: Sarcodon leucopus
6: Tricholoma fracticum
9: Suillus luteus
12: Agrocybe aegerita
15: Morchella umbrina
18: Lactarius salmonicolor
21: Suillus variegatus

Sr
0.27
0.11
0.04
0.03
0.05
0.002
0.04
0.005
0.006
0.15
0.30
0.74
0.07
0.76
0.07
0.13
0.08
0.04
0.06
0.008
0.009
0.011
0.044

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

TABLE 2 - Essential and minor element (µg/g dry weight) contents of the mushrooms analyzed (results are the means of
triplicate analysis with good reproducibility; there were not more than ±0.08 differences concerning all the data given in the table).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

B
1.01
0.56
0.36
0.33
0.26
0.22
0.13
0.15
0.36
0.14
0.19
0.16
0.20
1.71
0.8
0.66
0.68
0.59
0.50
0.48
0.56
0.43
0.42

Ca
82.5
17.2
8.45
3.91
4.57
2.40
8.68
1.73
5.94
124
64.8
45.7
32.9
78.1
10.5
12.2
12.6
6.60
21.6
3.36
5.94
14.8
11.14

Co
0.012
0.044
0.010
0.05
0.042
0.061
0.047
0.052
0.054
0.042
0.023
0.032
0.038
0.024
0.021
0.018
0.029
0.019
0.038
0.034
0.035
0.022
0.019

Cu
0.10
0.07
0.32
0.20
0.05
0.004
0.06
0.03
0.08
0.018
0.16
0.24
0.16
0.22
0.18
0.18
0.30
0.05
0.05
0.44
0.09
0.05
0.54

Mushroom species shown inTable 2 are:
1: Sarcosphaera crassa
4: Russula delica
7: Morchella rotunda
10: Lactarius deliciosus
13: Morchella deliciosa
16: Morchella rigida
19: Armillaria mellea
22: Lactarius intermedius

Fe
29.4
5.02
16.5
2.54
8.54
0.94
5.36
1.8
5.18
7.6
28.5
19.6
11.4
19.8
5.51
13.4
15.7
12.0
4.0
3.47
17.5
11.4
12.9

Ga
0.008
0.028
0.04
0.04
0.036
0.035
0.040
0.038
0.032
0.037
0.016
0.018
0.028
0.055
0.001
0.011
0.001
0.009
0.001
0.003
0.005
0.006
0.006

In
0.046
0.044
0.052
0.054
0.06
0.065
0.07
0.068
0.041
0.066
0.061
0.08
0.053
0.042
0.056
0.077
0.09
0.105
0.07
0.08
0.075
0.082
0.072

K
141
167
87.8
99
53.8
86.4
49.9
41.8
88.9
75.6
115
84.8
130
101
56
88
90
112
98
79
124
121
88

Li
0.154
0.123
0.117
0.115
0.114
0.114
0.113
0.116
0.120
0.094
0.138
0.130
0.108
0.186
0.151
0.146
0.136
0.160
0.138
0.138
0.136
0.158
0.171

2: Pluteus salicinus
5: Cantharellus cibarius
8: Morchella vulgaris
11: Morchella costata
14: Helvella leucopus
17: Ramaria flava
20: Lactarius piperatus
23: Tricholoma portentosum

When we have a look at the statistical analysis of minor
and essential elements by dual correlation analysis, there
were statistically meaningful relations (at least p≤0.05) between B-Co and B-Li; Ca-Fe, Ca-Mg and Ca-Na; Co-Cu,
Co-Fe, Co-Ga, Co-Li, Co-Mg, Co-Mn, Co-Na, Co-V, and
Co-Zn; Cu-Zn; Fe-Li, Fe-Mg, Fe-Mn, Fe-Na, Fe-P; GaLi, Ga-In, Ga-P, Ga-Tl, Ga-V, and Ga-Zn; K-Mg, K-Mn,
K-Na, and K-P; Li-Na, and Li-Zn; In-Tl; Mg-Mn, Mg Na,
and Mg-V; Mn-Na, Mn-P, Na-P, Na-Zn; P-Zn; and V-Zn
in all the species analyzed. In the heavy metal contents,
there were statistically meaningful relationship between
both Ag-Cd and Cr-Sr.
After placing the species examined in their families
and the taxonomic category, they were analyzed statistically
by two-way ANOVA, according to their mineral and heavy
metal contents. In minor and essential elements, Russulaceae, Tricholomataceae, Morchellaceae and Boletaceae
families showed statistically meaningful differences for all
the elements. In the heavy metal element analysis, statistically meaningful differences were found as well.
Looking at the results of mushroom contents, they are
a very good source of minor elements. In addition to this,
Sarcodon leucopus and Morchella costata are especially
very rich in chromium, as well as Sarcosphaera crassa and

Mg
31.5
14.3
30.3
7.3
11.1
4.4
5.1
2.36
6.9
13.2
16.6
18.8
13.8
20.1
8.9
10.6
15.6
11.6
10.5
6.78
6.72
16.3
9.18

Mn
1.51
1.37
0.70
0.55
0.47
0.17
0.20
0.04
0.20
0.36
1.39
0.84
0.82
0.80
0.34
0.41
1.36
0.74
0.19
0.45
0.18
0.58
0.58

Na
6.9
7.5
3.9
2.1
2.0
2.0
1.9
0.8
1.9
4.0
6.1
5.9
2.9
6.2
2.4
3.7
2.8
4.5
9.2
2.7
2.1
3.12
7.78

P
103
115
42.6
48.5
22.9
30.3
58.2
52
60.2
52
140
84.5
153
64.1
78.4
89.8
95.4
121
104
45.9
89.5
102
96.4

Se
0.07
0.06
0.07
0.11
0.06
0.03
0.01
0.06
0.002
0.13
0.04
0.02
0.07
0.004
0.004
0.055
0.04
0.056
0.06
0.054
0.066
0.16
0.044

Tl
0.068
0.062
0.13
0.071
0.091
0.066
0.096
0.06
0.058
0.07
0.12
0.11
0.06
0.084
0.033
0.028
0.014
0.018
0.028
0.009
0.04
0.01
0.028

V
0.142
0.012
0.046
0.012
0.014
0.022
0.014
0.002
0.02
0.008
0.012
0.13
0.091
0.025
0.136
0.032
0.015
0.043
0.053
0.011
0.056
0.052
0.054

Zn
0.73
0.58
0.36
0.34
0.15
0.24
0.14
0.46
0.48
0.56
0.5
0.82
0.95
0.58
0.57
0.56
0.54
0.52
0.58
0.58
0.42
0.6
1.08

3: Sarcodon leucopus
6: Tricholoma fracticum
9: Suillus luteus
12: Agrocybe aegerita
15: Morchella umbrina
18: Lactarius salmonicolor
21: Suillus variegatus

Agrocybe aegerita in vanadium. Chromium is necessary for
insulin release from β-cells of the pancreas, which mimics
the role of insulin. For this reason, these species may be
helpful for those who suffer from “Diabetes mellitus”. In
the meantime, Se is important for its anti-oxidizing and
dermal care effects. Our results show that Se levels are rich
for daily nutrition [1]. Arsenic is found in a very high level
in Sarcosphara crassa. When it is consumed, precautions
should be taken by the individuals. Our results were found
to be similar to those of previous studies carried out by
other authors [1, 15].
The data of Işıloğlu et al. [6] and Sesli and Tüzen [7]
showed only partly similar results with ours. The differences could be because of the technique used in analysis,
or the habitats of specimens` growth.
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METSULFURON-METHYL ADSORPTION/DESORPTION IN VARIABLY CHARGED SOILS FROM SOUTHEAST CHINA
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SUMMARY
The adsorption/desorption of metsulfuron-methyl was
studied at 25 oC in four variably charged soils differing in
pH, organic C content and clay minerals. Adsorption isotherms were well described by the Freundlich equation. Kf
values ranged from 1.97 to 10.48 and 1/n ranged from
0.91 to 1.18. Soil pH appeared to have a significant effect
on metsulfuron-methyl adsorption. The pH dependence may
be attributed to the charge of soil colloids and, therefore,
electrostatic interactions between the herbicide and soil.
Cation exchange capacity (CEC), and the contents of Fe2O3
and Al2O3 also played an important role in metsulfuronmethyl adsorption. The sorbed metsulfuron-methyl was
found to desorb easily from some soils, but remained sorbed
strongly on some other soils, likely also due to specific soil
charges. It was suggested that metsulfuron-methyl application in variably charged soils with low pH condition
should be restricted.

havior of metsulfuron-methyl in soils under either laboratory or field conditions, there is great inconsistency upon
the soil properties governing its adsorption. In Malaysian
agricultural soils, a significant negative correlation was
found between soil pH and adsorption of metsulfuron-methyl, while soil organic matter (SOM) also played a positive
role [2]. However, in a different study, a relatively linear
correlation between Kf and clay content (R2 = 0.93) was
observed in Minnesota soils, but correlation with organic
carbon (OC) was poor (R2 = 0.58), and no correlation existed between adsorption and soil pH [3]. In acidic Australian
soils, sorption of metsulfuron-methyl was strongly influenced by temperature, clay content, and particularly, organic matter content [4]. In addition, desorption hysteresis
was observed in Minnesota soils [3]. Adsorption/ desorption hysteresis is due to the irreversible adsorption of a
fraction of a chemical. It is known that a number of experimental artifacts may also contribute to the hysteresis [5].

KEYWORDS: Metsulfuron-methyl; adsorption-desorption; variably
charged soil; electrostatic interaction.

INTRODUCTION
Metsulfuron-methyl [2-(4-methoxy-6-methyl-1,3,5-triazin-2-ylcarbamoylsulfamoyl)benzoic acid, methyl ester]
(Fig. 1) is used as a selective pre- and post-emergence herbicide for broadleaf weeds and some annual grasses [1].
Metsulfuron-methyl is considered to be relatively mobile in
soil, especially in alkaline ones, because it is more soluble
under alkaline conditions [1]. Metsulfuron-methyl, like other
sulfonylureas, is more persistent in neutral or alkaline soils.
Therefore, it has been recommended for use in acid soils.
Adsorption/desorption is one of the most important
processes influencing the fate of agrochemicals in soils.
Although previous studies have examined adsorption be-

FIGURE 1 - Chemical structure of metsulfuron-methyl

Metsulfuron-methyl is commonly used in acid soils in
subtropical Southern China regions, but so far few studies
have been reported on the behavior of metsulfuron-methyl
in variably charged soils. These variably-charged soils in
Southern China are rich in iron and aluminum, and composed of aluminum and iron oxides or hydroxides, such as
gibbsite (aluminum hydroxide) and goethite (iron hydroxide). The main objective of this study was to evaluate the
influence of soil properties on the adsorption/desorption
behavior of metsulfuron-methyl in these soils.
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MATERIALS AND METHODS
Soils

Four soils were collected from two regions, and all are
ferrisols according to the Chinese Soil Taxonomic Classification. Soil 1, a Wea-Udic Ferrisol (0-30 cm depth), and
soil 4, an Arg-Udic Ferrisol (0-25 cm depth), were both
taken from Guangdong Province. Soil 2, a Hap-Udic Ferrisol (0-25 cm depth), and soil 3, a Hap-Udic Ferrisol (020 cm depth), were from Jiangxi Province. The soils were
air-dried at room temperature and passed through a 2-mm
sieve. Analysis of soil properties was done using the <2-mm

soil samples, except for organic carbon analysis, which was
performed on <150 µm soil samples. Cation exchange capacity (CEC) was determined by using neutral 1 M ammonium acetate (NH4OAc), and pH was measured by a combination electrode at a soil/water ratio of 1:2.5. SOC content was determined by the dichromate oxidation method.
The particle size distribution was measured using the pipette method [6]. The amorphous and free iron and aluminum oxides were determined using ammonium oxalateoxalic acid (OX) and dithionite-citrate-bicarbonate (DCB)
solutions, respectively [7]. The properties of the four test
soils are listed in Table 1.

TABLE 1 - Selected physical and chemical properties of the test soils.
Soil
Soil 1
Soil 2
Soil 3
Soil 4

CEC
(cmol+/kg)
13.21
10.76
9.80
14.75

OC
(g/kg)
21.81
7.37
16.47
16.65

pH
4.49
5.36
5.50
6.46

Clay
(%)
31.12
41.92
33.04
-

Fe
5.56
4.46
2.54
11.63

DCBa (%)
Al
2.32
0.67
1.13
2.13

Fe+Al
7.88
5.13
3.67
13.76

Fe
0.38
0.04
0.45
0.14

OXb ( %)
Al
0.43
0.19
0.18
0.17

Fe+Al
0.81
0.23
0.63
0.31

a b

, : ammonium oxalate-oxalic acid (OX) and dithionite-citrate-bicarbonate (DCB) extractable iron aluminum oxides; CEC:cation exchange capacity.

Preparation of stock and calibration standards

Metsulfuron-methyl (chemical purity >98%) was obtained from Chem Service Inc., and technical grade metsulfuron-methyl (chemical purity >92%) from Jiangsu Institute of Ecomones (Jiangsu Province, China), and both used
without further purification. The aqueous solubility and
octanol/water partition coefficients (Kow) of metsulfuronmethyl are dependent on pH. At 20 °C, the aqueous solubility of metsulfuron-methyl is 1100 mg/L at pH 5, and increases to 9500 mg/L at pH 7. At 25 °C, Kow of metsulfuron-methyl is 1.0 at pH 5, but decreases to 0.014 at pH 7
[14].
A stock solution was prepared by dissolving 10 mg of
metsulfuron-methyl in 100 mL deionized water, adding
0.1 M NaOH to help dissolving and adjusting the solution
pH to 6.5. Working standards were prepared by making
appropriate dilutions of the stock solution in deionized
water to obtain final concentrations of 0.5, 1.0, 2.5, 5.0, 7.5,
and 10.0 µg/mL. The stock and working standards were
stored in the dark at 4 °C. Buffer solution was prepared
by dissolving 0.30 g of sodium borate and 0.40 g of boric
acid in 100 mL deionized water. The pH of the buffer solution was 8.38. Capillary electrophoresis (CE) solutions and
buffers were filtered through a 0.22-µm membrane filter
before injection.
CE Analysis

A Beckman P/ACE System 5000 unit equipped with
UV detector was employed for quantitative analysis. Separations were performed with a silica fused capillary (50 cm
× 75 µm I.D.), using free-zone capillary electrophoresis.

Standard/sample injections were made using pressure injection for 5 s, corresponding to an injection volume of
10 µL. CE conditions were as follows: voltage, 20 kV with
a resulting current of 19.8 µA; oven temperature, 23 oC;
and detector wavelength, 214 nm. The quantitative determination of metsulfuron-methyl was performed by using
external standards.
Adsorption/Desorption Experiment

Adsorption isotherms were obtained by a batch method
using a 1:10 (soil/water) ratio. An aliquot (2 g) of soil sample was weighed accurately into 50-mL polyallomer centrifuge tubes, and 20 mL metsulfuron-methyl solution was
added. Initial solution concentrations were 0.5, 1.0, 2.5,
5.0, 7.5, and 10.0 µg/mL. Each experiment was run in duplicate. The concentrations used were below the aqueous
solubility of metsulfuron-methyl. The soil-water slurry was
sealed and shaken at 25±1 oC for 24 h, and then centrifuged at 3000 rpm for 5 min. A 5-mL subsample of the
supernatant was removed and filtered through a 0.22-µm
membrane filter. The concentration of metsulfuron-methyl
was determined by CE under conditions described above.
The amount of metsulfuron-methyl sorbed on the soil phase
was calculated from the change in metsulfuron-methyl concentration in the supernatant.
After measurement of adsorption, the same samples
were replenished with 5 mL pesticide-free 0.01 M CaCl2.
The sample tubes were again closed and shaken at 25±1 oC
for 24 h. After the phases were separated by centrifugation, 5 mL of the supernatant was removed for analysis of
metsulfuron-methyl. This desorption cycle was repeated for

1368

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

a total of four consecutive times. In preliminary experiments, multiple peaks in the CE electropherogram, at pHs
<3 indicated degradation of metsulfuron-methyl. In this
study, there was no CE electropherogram evidence for detectable degradation in adsorption and desorption experiments.

= (1/nfd)/(1/nf), where 1/nf and 1/nfd are the Freundlich
constants obtained for the adsorption and desorption isotherms, respectively [8].

Data Analysis

Metsulfuron-methyl adsorption-desorption isotherms
for the four test soils are shown in Fig. 2. The adsorption
constants Kf, 1/n, and Kd calculated by Freundlich equation and the linear model are presented in Table 2. Kf is a
relative measurement of the affinity of the soil for the herbicide. Adsorption of metsulfuron-methyl measured as Kf
followed the order: soil 1 (Kf = 10.48) > soil 2 (Kf = 3.34)
> soil 3 (Kf = 2.66) > soil 4 (Kf = 1.97), which coincided
with the decreasing trend of soil pH. The calculated Kd
values were higher than the corresponding Kf values, except for soil 1 where a L-type adsorption isotherm was observed. Kd values ranged from 2.64 to 9.06, and the four
soils followed the same order as that for Kf values. The adsorption isotherm for soil 4 showed a second rise (Fig. 2).

Adsorption data were fitted to the Freundlich equation (Cs = Kf ×Ce l/n), where Freundlich constant Kf and
empirical value l/n represent the degree of adsorption and
the nonlinearity of the adsorption isotherm, respectively,
and C s (µg/g) and C e (µg/mL) are the concentrations of
metsulfuron-methyl adsorbed on the soil phase and dissolved in the solution phase, respectively. The distribution
coefficient (Kd) was calculated from the linear regression
of the adsorption and desorption concentration data sets
using Kd = Cs/Ce. The Koc values were calculated by normalizing Kd over the soil OC content via Koc = Kd × 100/
%OC.

a

Cs (µg/g)

Hysteresis coefficient, H, was calculated for the adsorption/ desorption isotherms according to the formula H

RESULTS

Soil 2

Soil 1

b

Ce (µg/mL)

Ce (µg/mL)

Adsorption

Cs (µg/g)

Desorption

Soil 3

Soil 4

Ce (µg/mL)

Ce (µg/mL)

FIGURE 2 - Adsorption-desorption isotherms of metsulfuron-methyl in four variably-charged soils from Southeast China.
a b
, : Cs (µg/g) and Ce (µg/mL) are the concentrations of metsulfuron-methyl adsorbed on the soil phase and dissolved in the
solution phase, respectively.
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TABLE 2 - Freundlich and linear adsorption coefficients of metsulfuron-methyl adsorption and desorption.
Freundlich
1/n

Kf
Soil 1
Soil 2
Soil 3
Soil 4

10.48±0.11a
3.34(±0.10)
2.66(±0.08)
1.97(±0.41)

Linear
R

0.91(±0.06)
1.13(±0.10)
1.03(±0.07)
1.18(±0.30)

2

0.997
0.998
0.981
0.975

Koc
2

Kd

R

9.06(±0.03)
4.16(±0.08)
2.96(±0.07)
2.64(±0.18)

0.994
0.998
0.985
0.927

41.54
56.45
17.97
15.86

Cs (1)b / Cs Cs (2)c/ Cs
(%)
(%)
96
46
42
38

92
31
12
0

a

Numbers in parentheses are the relative standard errors; b, c The percentage of metsulfuron-methyl sorbed on soils with the highest initial concentration of herbicide after the first and the second desorption steps, respectively.

TABLE 3 - Freundlich desorption constants, 1/nfd, and hysteresis coefficient,
H = (1/nfd)/(1/nf), for metsulfuron-methyl adsorption-Desorption on soils 1 and 2.
Cini (µg/mL )
2.5
5
7.5
10
Cini : initial concentrations of herbicide.

Soil 1

Soil 2

1/nfd
0.051
0.015
0.016
0.023

H
0.056
0.016
0.018
0.025

Desorption of metsulfuron-methyl was nearly reversible for soils 3 and 4, where almost 100% of the sorbed herbicide was released in the second desorption cycle, and desorption hysteresis, measured as H, was close to unity. The
greatest hysteresis was observed for soil 1, and 85.0-94.1%
of the adsorbed metsulfuron-methyl was still retained by
the soil after four consecutive desorption treatments. Desorption of metsulfuron-methyl in soil 2 also showed significant hysteresis, with 12.7-45.7% of the adsorbed herbicide remaining in the soil phase after four desorption cycles. However, the H values for soil 1 ranged from 0.016
to 0.056, and were about an order of magnitude smaller
than those of soil 2 (Table 3).
DISCUSSION
Adsorption isotherms

The Kf values of metsulfuron-methyl observed in this
study were comparable with those found in Malaysian agricultural soils with similar pH, but were much lower than
those of two highly acidic soils with pHs 3.3-3.6 [2]. The
Kf values measured in this study were significantly higher
than those of Minnesota soils that had higher pH [3]. These
observations indicate that soil pH appeared to have a great
effect on metsulfuron-methyl adsorption in soils. The 1/n
constant describes the degree of curvature of the isotherm.
Adsorption isotherm for soil 1 showed L-type relationship
(1/n < 1), suggesting strong interactions between soil and
herbicide. However, adsorption isotherms for soils 2, 3, and
4 were all S-type (1/n > 1), implying competition between
water molecules and the pesticide for adsorption sites at low
pesticide concentrations [9, 10].
Adsorption mechanisms

Metsulfuron-methyl, like other sulfonylureas, is a weakly acidic herbicide with a pKa value of 3.3 [11]. It is ex-

1/nfd
0.372
0.177
0.298
0.488

H
0.33
0.16
0.26
0.43

pected to exist predominantly in the anionic form in most
agricultural soils. The significant dependence of adsorption
on CEC, the content of amorphous and free iron and aluminum oxides for the three soils with relatively low pH
indicated that electrostatic interactions between metsulfuron-methyl anion and soil colloids played an important
role in metsulfuron-methyl adsorption in acidic soils. The
Fe and Al oxides are the principal carriers of soil positive
charges, and the main factors affecting the point of zero
charge (PZC) and point of zero net charge (PZNC) of soils
in central and southern China [12]. The amount of variable
charge in soil depends mainly on the content of Fe and
Al oxides for acidic soils. Therefore, adsorption of metsulfuron-methyl anion was positively correlated with the content of Fe or Al oxides in the three acidic soils. Soil pH is
responsible for the dissociation or protonation of both the
herbicide and the adsorbent surfaces [13]. Soil variable
negative charges increased with increasing pH. At high pH,
the importance of electrostatic interactions in metsulfuronmethyl adsorption quickly diminishes, which may explain
the small adsorption coefficient in the soil 4 with pH >6.
The four soils tested are all Udic Ferrisols according
to the Chinese Soil Taxonomic Classification. Long time
acidification may have resulted in gradual leaching of basic
cations, and the role of aluminum ions in interacting with
humic substances, therefore, may become predominant [14].
It was found that humic substances adsorbing partially soluble colloidal aluminum oxide developed interfacial electrochemical characteristics similar to those of polyacrylic
acid [15]. Electrical characteristics of the kaolinite–aluminum ion–humate complexes depended on all parameters of
the system in a complex manner [16]. The functional groups
on organic matter carry net negative surface charges at
neutral pH, and interact with the positively charged pHdependent sites on mineral surfaces, repelling the metsulfuron-methyl anion. The organic matter coating on min-
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eral surfaces may also decrease the dipole-dipole interactions [17]. The strongest adsorption observed in soil 1 may
be more attributable to the lowest pH than the highest OC
content. On the other hand, the highest pH value of soil 4
could be responsible for the lack of adsorption despite the
significant content of Fe2O3 and Al2O3 in the soil. Overall,
the adsorption behavior of metsulfuron-methyl in the test
soils was in agreement with other sulfonylureas, such as primisulfuron [17], triasulfuron [18], and azimsulfuron [19].

icides [4, 19, 20]. Koc values for the four soils were calculated, but no correlation between Koc and soil properties
was found. Significant correlation was also observed between Kf(1/n) and CEC, OX-extractable aluminum oxides,
and DCB-ex-tractable iron aluminum oxides. The regression relationships are Kf (1/n) = 2.07 CEC – 17.98, Kf (1/n)
= 25.85 OX (Al) – 1.54, and Kf (1/n) = 1.68 DCB (Fe+Al)
– 4.01.

Relationship between adsorption
coefficients and soil properties

A two-stage desorption curve was observed for soil 1,
with the highest initial concentration of metsulfuron-methyl. The first three and the last three points on the desorption
isotherm, when fitted to the Freundlich equation separately,
yielded much higher correlation coefficients (R2 = 0.999
and R2 = 0.998, respectively, P < 0.01) than the regression
of the entire isotherm (R2 = 0.907, P < 0.05). A similar phenomenon was also observed with imazosulfuron during its
adsorption-desorption in Italian soils [21]. This phenomenon may be due to the involvement of both weak and
strong bindings between the herbicide and soil colloids.

Despite the relatively small sample numbers, simple
and multiple correlation analyses between adsorption constants and soil properties were performed. The correlation
between adsorption constants and selected soil properties
was generally poor, but improved greatly when soil 4 was
excluded, as shown in Table 4.
Soil organic carbon, clay and oxalate-extractable Fe
oxides have been shown to contribute to azimsulfuron adsorption in soil [19]. Significant correlations between Kd
and clay content, CEC, and DCB-extractable Al and Fe
were obtained for primisulfuron adsorption in Iowa soils
[17]. In the present study, adsorption coefficients were significantly correlated with pH, CEC, Fe and Al oxides, but
not OC or clay content (Table 4). Kf, Kd and Kf(1/n) all
showed strong dependence on soil pH. The correlation
was negative, indicating that adsorption of metsulfuronmethyl increased as pH decreased, following the general
trend observed for sulfonylureas and weakly acidic herb-

Desorption

The correlation between soil properties and the percentage of metsulfuron-methyl retained by soils after the
first and the second desorption cycle were calculated for
the three acidic soils using Cs (1)/Cs and Cs (2)/Cs,, with the
subscript numeral denoting the first or second desorption
cycle (Table 4). Similar to the observation for adsorption
coefficients, the values of Cs (1)/Cs and Cs (2)/Cs were significantly correlated with pH, CEC, Fe and Al oxides, but not
OC or clay content.

TABLE 4 - Correlation coefficients (R2) between soil properties and
adsorption/desorption coefficients of metsulfuron-methyl on soils (soil 4 excluded)

Kf
Kd
Kf(1/n)
Cs(1)/Cs
Cs(2)/Cs

DCB (Fe+Al)

OX-Al

CEC

OC

pH

Clay

0.930
0.974*
0.957*
0.923
0.986*

0.998**
0.977*
0.989*
0.999**
0.963*

0.961*
0.992**
0.982*
0.957*
0.998**

0.534
0.426
0.472
0.546
0.384

-0.998**
-0.997**
-0.9999**
-0.996**
-0.990**

-0.331
-0.233
-0.274
-0.342
-0.198

** P < 0.01; * P < 0.05.

CONCLUSIONS
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SUMMARY
The RecA test, a luminescence SOS reporter test, and
two well-known SOS reporter assays, umuC test and SOS
chromotest, were compared. The main point of this study
was to indicate the sensitivity of these tests. This was on
the basis of comparison of effects on standard mutagens
and environmental samples.
The results with the selected chemicals showed that the
RecA test was less sensitive in a qualitative way, in comparison to the umuC test. However, its responses were quite
comparable with the SOS chromotest. Results suggest that
for our choice of environmental samples and chemical
standards the umuC test is optimal for genotoxicity detection, in comparison to RecA test and SOS chromotest.

KEYWORDS: Genotoxicity, recA, SOS response, DPD2794, SOS
chromotest, umuC test.

INTRODUCTION
The obvious need for sensitive monitoring of environmental genotoxicants, to warn and protect against mutagenic, carcinogenic and teratogenic effects of pollutants,
has led to the development of numerous methodologies for
genotoxicity detection [1-7]. The genotoxic chemicals interact with genetic material of organisms. If primary damage
of this interaction is not repaired, this process could lead
to consequent processes like mutagenesis, induction of chromosomal aberrations, carcinogenesis, cell death etc. A huge
tendency is focused on elimination the population exposure to genotoxic substances and risks, which is due to increasing cancer incidence and damage of the human genetic fund.
Over the years, there have been several approaches how
to study the potentially genotoxic substances and their risks
[2,5,8-14]. One of the most important groups of the tests
focused on DNA damage are tests on bacterial strains.
These bacterial tests could be defined as simple systems
enabling a qualitative and quantitative evaluation of geno-

toxic potential. This process is a result of a specific interaction between a tested compound and a genetically modified prokaryotic organism under the specific conditions.
The bacterial short-term tests are very sensitive, simple, quick and cheap. They play an important role in the
screening and the legislation of the genotoxic substances.
This tool is used not only in screening analyses of pure
chemical substances or their mixtures, but also in environmental monitoring. Its role is still increasing. The bacterial genotoxicity tests represent a diverse group of detection systems. They differ in mechanisms of the DNA damage detection, used conditions, bacterial strains, and methods for the quantification of the detection system response.
The group of bacterial genotoxicity tests, in which all
developmental trends in bacterial tests are visible, are used
for detecting DNA damage SOS repair systems. These bioassays are based on the induction of this SOS repair system (SOS response) of genetically modified bacterial strain,
as a result of an interaction between a genotoxic substance
and DNA [11]. The bacterial SOS system consists of about
20 genes, and its molecular mechanism of the SOS response
was first described by Walker (1987) [15], and later by
Askenov (1999) [16], Lee (2002) [17], Tiganova (2006)
[18] and others. The testing strains harbour in their genome
a specific gene fusion between a promoter of one of the
SOS genes and a specific reporter gene. Then, the expression of the reporter gene is under the same regulatory control as the SOS gene. The induction of the SOS system is
then detected by the activation of the reporter system [11].
The quantitative response is measured by means of enzymatic activity expressed from the reporter gene. Responses
and sensitivity of the most used SOS tests - SOS chromotest [11] and the umuC test [19] - are highly consistent with
the Ames test [20-22]. One of the newest short-term luminescent SOS repair tests is RecA test [2].
If mentioned advantages of the design of the luminescent SOS repair tests, we could indicate significant possibilities of their application in the screening environmental
monitoring. There have been very few data of testing pure
chemicals on these systems published in literature [1, 6, 14,
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23]. Moreover, their comparison to other bacterial „genotoxicity detecting tests“ is not available with the exception
of the Vitotox test [1, 23]. Therefore, we decided to evaluate the sensitivity of the RecA test that was developed by
Vollmer et. al. (1997) [2] and used, for example, by Belkin
et. al. (1997) [24] comparing it with two well-known SOS
reporter tests - SOS chromotest and umuC test. In the
RecA test, a recombinant strain Escherichia coli, DPD
2794, harbouring a gene fusion, recA::luxCDABE, was
used [2]. RecA gene plays a dominant role in the SOS regulation. This rapidly expressed gene encodes recA protein
having a specific co-protease and recombinant activity. It
activates autocleavage of lexA protein, main repressor of the
SOS repair system, and expression of the SOS genes that
participate in a repair of DNA damage [15]. LuxCDABE is a
lux operon derived from Vibrio fisheri [24]. Early activation of recA-controlled transcription of the fusion gene
(recA::luxCDABE) enables then real-time sensitive detection of genotoxic effects by the help of luminescence [4,24].
For the purpose of the sensitivity evaluation of three
well-known genotoxicity tests, a group of chemicals and
environmental samples were selected. The selection was
modified according to chemicals properties. All selected
chemical substances are known as direct mutagens in bacterial tests. Because those substances are known as direct
mutagens, there was no test prepared with S9 metabolic
activation. In environmental samples, influences of nonmetabolic activated substances predominate, and this is
not a reason for S9 activation.

Environmental samples

Moreover, model environmental samples were used for
the comparison: 2 air samples, 2 soil samples and 2 sediment samples. Three matrices were chosen because these
are three basic matrices for POPs accumulation. All of the
environmental samples were chosen and sampled from urban areas with high or low accumulation of industry and
inhabitants. There was a presumption that these samples are
contaminated with persistent organic pollutants (POPs).
Groundwork was to commit environmental samples to SOS
response tests, and expect positive or negative effects, as
well as comparison of effects and find out which test is
more sensitive for environmental contaminants, and, finally,
assess which test is more sensitive for which matrix.
Air samples were collected in a centre of Brno town,
Czech Republic (Table 1). In urban areas, we supposed this
locality to be on the average of POPs contamination.
Sediment samples were collected near the drainage runoff of cement mill transit warehouse in Beroun, Czech Republic (Table 1). Sample SED1 was nearest to the runoff
compared to SED2, so we supposed the sample SED1 is
more contaminated. The lower contamination of sample
SED2 is supposed also due to biodegradation and dilution
processes, but both samples are supposed to be highly contaminated with POPs.
Soil samples were collected in the area of Mokrá cement mill, Czech Republic (Table 1), and presumption is
that these samples are from a not very burden locality with
lower amount of POPs.

The comparison of SOS chromotest, umuC test and
RecA test has not been published yet.

TABLE 1 - WGS 84 coordinates of tested sampling sites.
NAME
SED1
SED2
AIR1
AIR2
SOIL1
SOIL2

MATERIALS AND METHODS
Chemical substances

The comparison of the three genotoxicity systems was
based on testing of 7 chemical substances that are known
as direct mutagens in bacterial tests: sodium azide (NaN3
– CAS 26628-22-8), 2-nitrofluorene (2-NF – CAS 60757-8), 4-nitroquinolin-N-oxide (4-NQO – CAS 56-57-5),
9-aminoacridine (9-AAC – CAS 90-45-9), 4-nitrophenylene-1,2-diamine (4-NPDA – CAS 99-56-9), 1-nitropyrene (1-NP – CAS 5522-43-0), and 9-nitroanthracene (9NA – CAS 602-60-8). Chemical mutagens requiring metabolic activation were not tested.
The chemical substances tested in this study were dissolved in DMSO, with the exception of sodium azide that
was dissolved in distilled water. The organic extracts were
dissolved in DMSO. The final concentration of DMSO and
water in final reaction mixtures was 1%, and parallel solvent
controls were running. The highest concentration (5 mg/ ml)
was followed by seven concentrations (dilution 1:1). All
concentrations were recalculated for µM concentration of
each chemical substance.

X_(WGS)
49,9533
49,9555
49,1770
49,1770
49,2281
49,2118

Y_(WGS)
14,0604
14,0650
16,5730
16,5730
16,8062
16,7312

Z_(WGS)
225
226
299
299
450
362

Air samples were collected by active air-sampling
method with a POPs sampler PS-1 (Thermo Andersen,
USA). Sediment and soil samples were collected from 10cm upper layer of matrices.
All environmental samples were collected in July
2002, with an average temperature of 22 oC, windlessness,
and dry atmosphere.
Sample analysis

All environmental samples were extracted with dichloromethane in a Büchi system B-811 automatic extractor. In case of sediment and soil samples, 10 g of dry samples were extracted. The crude extracts were divided in two
parts. One half was evaporated under a gentle stream of
nitrogen and re-dissolved in dimethylsulfoxide (DMSO) at
the concentration scale appropriate for biological experiments. The other half was used for the chemical analysis.
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Volume was reduced under a gentle nitrogen stream at ambient temperature, and fractionation achieved on a silica gel
column. A sulphuric acid-modified silica gel column was
used for PCB/OCP samples. One laboratory blank and one
reference material were analyzed with each set of 10 samples. Terfenyl and PCB 121 were used as internal standards
for PAHs and PCBs analyses, respectively. Samples were
analyzed using a GC-ECD (HP 5890) supplied with a
Quadrex fused silica column 5% Ph for PCBs (PCB 28,
PCB 52, PCB 101, PCB 118, PCB 153, PCB 138, PCB
180, and OCPs (α-HCH, β-HCH, γ-HCH, δ-HCH, p,p´DDE, p,p´-DDD, p,p´-DDT). 16 US EPA polycyclic aromatic hydrocarbons were determined in all samples using
GC-MS instrument (HP 6890-HP 5972) supplied with a
J&W Scientific fused silica column DB-5MS. Final tested
concentration of air samples in biological analyses of AIR1
and AIR2 was 16 m3/ ml. For sediment and soil samples,
SED1 and SED2as well as SOIL1 and SOIL2 were finally
tested at concentrations of 30 mg/ml – dry weight.
Quality Assurance / Quality Control

Recoveries were determined for all environmental samples by spiking with the surrogate standards prior to extraction. Amounts were similar to detected quantities of analytes in the samples. Recoveries were higher than 76 % and
71 % for all PCB and PAH samples, respectively. Recovery
factors were not applied to any of the data. Recovery of
native analytes measured for the reference material varied
from 88 to 103 % for PCBs, 75 to 98 % for OCPs, and 72 to
102 % for PAHs. Laboratory blanks were very low. Field
blanks consisted of pre-extracted PUF disks, and they were
taken on each sampling site. They were extracted and analyzed in the same way as the samples, and the levels in
field blanks never exceeded 3% of quantities detected in
samples for PCBs, 1% for OCPs, and 3% for PAHs, indicating minimal contamination during transport, storage
and analysis.
SOS genotoxicity tests

The RecA test was performed with a slight modification according to Belkin et al. (1997) [24] and Vollmer
et al. (1997) [2]. The culture of Escherichia coli DPD2794
was stored in a 50 % glycerol suspension at –20 oC. The
overnight culture was grown in LB-medium supplemented
with 20 mg/L ampicillin at 26 oC [9, 24] for 16 hours. Then
it was diluted with fresh LB-medium and incubated for 2–
3 h, to reach an optical density of the culture A600 = 0.1.
Samples diluted in the medium were mixed with the culture 1:1 in tubes. Each of the chemicals was tested in 8 concentrations. Then, the mixtures were transferred into 96-well
microplates with a transparent bottom for luminescence (genotoxic effects) and absorbance (toxicity) measurement.
Both luminescence and absorbance were measured with a
microplate reader GENIOS (Tecan–Schoeller Instruments,
Austria) in the same time. For the first, the initial luminescence and absorbance (600 nm) were measured. Then, microplates were taken out of the luminometer, and incubated
at 26 oC for the next 4 h [9, 24]. The same measurements

of absorbance and luminescence were repeated after this 4-h
period. The obtained values of Relative Luminescence Units
(RLU) and absorbance were then used for the calculation
of Induction Factor (IF) that reflects the ratio of the RLU
between induced sample and not induced control (negative
control) adjusted to the toxicity. The limit for the significant
response was IF = 1.5 [20]. The equivalent concentration of
IF = 1.5 was labelled as Minimal Genotoxic Concentration
(MGC). MGC was estimated with a simple linear regression. These values were calculated for a time of 4 h. Light
emission was assayed in parallel to absorbance, and the
luminescence values were corrected for growth that may
have occurred in microtiter plate. This was achieved in comparison with control, which was running during testing. If
there was a growth inhibition higher than 50%, the genotoxicity could not be detected because of the high toxicity of
the tested sample [20].
The umuC test was performed according to a slightly
modified method of Hansen and Herbert (1998) [25]. Big
advantage of this test is that it is ISO-normalized. The
culture of Salmonella typhimurium TA1535/pSK1002 was
stored in an 11% glycerol suspension at –20 oC. The cells
were grown in TGA medium with 50 mg/L ampicillin at
37 oC. Before addition of the cell culture, it was diluted to
A600 = 0.08. The 96-well microplates were incubated for 4 h
at 37 oC. The absorbance for the toxicity evaluation at
600 nm was measured. Then, the activity of GR-dependent
ß-galactosidase induced by the genotoxic substances was
quantified measuring the enzymatic transformation of onitrophenyl-ß-D-galactopyranoside spectrophotometrically
at 420 nm. The values of IF and MGC were calculated as
in the case of RecA test.
The SOS chromotest was processed according to Xu et
al. [26] with modification of Bartoš et al. [27]. The culture
of Escherichia coli PQ 37 was stored in 8 % DMSO suspension at –20 oC. The overnight cells were grown in LB–
medium with 20 mg/L ampicillin. The overnight culture
was diluted with fresh medium and incubated for 2 h, to
reach optical density of the culture A600 = 0.04. Then, it
was mixed with samples in tubes and incubated for 2 h at
37 oC. After that, the toxicity and genotoxicity were quantified in 96-well microplates at 420 nm (enzymatic activity
of alkaline phosphatase (p-nitrophenylphosphate), respectively, enzymatic activity of ß-galactosidase (o-nitrophenylß-D-galactopyranoside)). The values of IF and MGC for
this test were calculated similarly as mentioned above.
All tests were prepared in three iterations.
RESULTS
The compared SOS genotoxicity tests differed in sensitivity for both pure chemicals and model environmental
samples. Dose-response curves for each SOS test showed
relationships between concentrations of tested compounds
and values of the induction factor (Fig. 1A (NaN3), Fig.
1B (2-NF), Fig. 1C (9-AAC), Fig. 1D (4-NPDA), Fig. 1E
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FIGURE 1 - Results for A) sodium azide, B) 2-nitrofluorene, C) 9-aminoacridine,
D) 4-nitrophenylene-1,2-diamine, E) 1-nitropyrene, F) 9-nitroanthracene, G) 4-nitroquinolin-N-oxide

TABLE 2 - Summary of the qualitative results of the SOS genotoxicity tests, and their comparison with data in literature : (+) positive
for appropriate test (IF > 1.5); (-) negative for appropriate test; (n.a.) not available. *a sensitive strain of S. typhimurium to the genotoxin.
Compound
2-nitrofluorene
9-nitroanthracene
sodium azide
1-nitropyrene
4-nitroquinolinoxide
4-nitrophenylene-1,2-diamine
9-aminoacridine

results
+
+
+
+

RecA test
literature
n.a.
n.a.
n.a.
n.a.
+[28]
n.a.
n.a.

SOS chromotest
results
literature
+
+[7,28]
n.a.
-[7]
+
+[28]
+
+[7]
- [28]
+ [11]
+
-[28]
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results
+
+
+
+

umuC test
literature
+[29]
n.a.
-[29]
+[29]
+[29]

+

+[19]

+

[19]

+

Ames test*
literature
+[11](TA98, TA102)
+[35](TA98, TA100)
+[11](TA100,TA102)
+[36]TA98, TA102)
+[11](TA98, TA102)
+[11](TA100, TA102, TA104)
+[11](TA1535)
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TABLE 3 - Minimal genotoxic concentration (MGC) values for tested pure chemicals with the SOS genotoxicity tests (µM).
Compound
2-nitrofluorene
9-nitroanthracene
sodium azide
1-nitropyrene
4-nitroquinolinoxide
4-nitrophenylene-1,2-diamine
9-aminoacridine

RecA test
7.4
Not detected
48.9
Not detected
0.2
Not detected
12.2

SOS chromotest
6.3
Not detected
Not detected
2.8
0.1
Not detected
7.2

umuC test
1.4
16.2
Not detected
0.2
0.01
4.3
3.3

Sensitivity
umuC > SOS > RecA
umuC
RecA
umuC > SOS
umuC > SOS > RecA
umuC
umuC > SOS > RecA

TABLE 4 - Results from chemical analyses of tested environmental samples.

Sum PCB
Sum HCH
Sum DDT
Sum PAHs

AIR1
[ng.m-3]
0.253
0.046
0.042
15.406

AIR2
[ng.m-3]
6,89
0.458
0.126
13.053

SOIL1
[µg.kg-1]
8,387
0.818
21.497
846.1

Also, available literature data about bacterial genotoxicity of these chemicals are shown here for comparison.
The RecA test gave positive results for sodium azide, 2nitrofluorene, 4-nitroquinoline-N-oxide and 9-amino-acridine. On the other hand, 9-nitroanthracene, 1-nitropyrene
and 4-nitrophenylene-1,2-diamine did not induce SOS response in this test. In the SOS chromotest, 2-nitrofluorene,
1-nitropyrene, 4-nitroquinoline-N-oxide and 9-aminoacridine showed significant genotoxicity. The chemicals like
sodium azide, 9-nitroanthracene and 4-nitrophenylene-1,2diamine were negative in SOS chromotest. All tested chemicals, with the exception of sodium azide, were positive in
the umuC test. The results are quite in accordance with literature data [11,22,28] for this selected group of chemicals. It means that substances not genotoxic in a given test,
were also not genotoxic in the same test performed by
others. In the case of RecA test, available data were very
limited. Only for 4-nitroquinoline-N-oxide, genotoxicity was
detected and confirmed by literature [28]. The qualitative
results of umuC test and SOS chromotest are in accordance with published data in literature [11,19,28,29], except
for 9-aminoacridine in SOS chromotest. The results with
the chemicals showed that the RecA test was lower sensitive in a qualitative way, with regard to the umuC test.
However, its responses were quite comparable with the SOS
chromotest (see Fig. 1).
Besides qualitative responses, quantitative results for
the RecA and two other SOS tests were evaluated (Table 3).
For comparison, values of minimal genotoxic concentrations (MGC) were used. The chemicals, that did not show
significant response in the tests, were excluded. In the RecA
test, the highest induction of the SOS response was caused
by 4-nitroquinoline-N-oxide (MGC = 0.2 µM). Much lower
genotoxic potency was observed for 2-nitrofluorene (MGC=
7.4 µM), 9-aminoacridine (MGC = 12.2 µM) and sodium
azide (MGC = 48.9 µM). The most potent genotoxin of
tested compounds in the SOS chromotest was also 4-nitroquinoline-N-oxide (MGC = 0.1 µM). Lower genotoxic po-

SOIL2
[µg.kg-1]
7.952
0.435
15.809
686.9

SED1
[µg.kg-1]
124.65
0.77
9.33
22422.7

SED2
[µg.kg-1]
37.91
0.64
23.52
2776.8

tency was detected in the case of 1-nitropyrene (MGC =
2.8 µM), 2-nitrofluorene (MGC = 6.3 µM) and 9-aminoacridine (MGC = 7.2 µM). As in the other two SOS tests, 4nitroquinoline-N-oxide was the highest inducer of SOS
response in the umuC test (MGC = 0.01 µM). MGC values for the other chemicals, 1-nitropyrene (MGC= 0.2 µM),
2-nitrofluorene (MGC = 1.4 µM), 9-aminoacridine (MGC =
3.3 µM), 4-nitrophenylene-1,2-diamine (MGC = 4.3 µM)
and 9-nitroanthracene (MGC = 16.2 µM) were higher.
Compared to SOS chromotest and umuC test, the MGC
values detected with the RecA test are slightly higher, thus
indicating its lower sensitivity. The only exception was sodium azide, being significantly genotoxic only in this test.
Generally, the umuC test seems to be the most sensitive of
the SOS genotoxicity tests. Labeled SOS chromotest was
much more sensitive than umuC test as a result of comparing 10 compounds. On the other hand, there were a lot of
factors that may affect sensitivity to different chemicals.
Moreover, screening detection systems are used mainly for
qualitative assessment of chemicals and hazard identification. Quantitative outputs are additional information. Even,
if there were significant differences in MGC values in all
tests, the most potent direct genotoxin was 4-nitroquinoline-N-oxide. It corresponds with the fact, that this chemical is used as a standard inducer of SOS response in SOS
genotoxicity tests. Moreover, they indicated that 4-nitroquinoline-N-oxide is more genotoxic than 2-nitrofluorene,
but that is more genotoxic than 9-aminoacridine.
Generally, all SOS tests were not more sensitive to organic genotoxins in extracts of the 3 different matrices (2
air samples (AIR1, AIR2), 2 soil samples (SOIL1, SOIL2),
and 2 sediment samples (SED1, SED2)). The finally tested
concentration of air samples AIR1 and AIR2 was 16 m3/
ml, and those of sediment and soil samples SED1, SED2,
SOIL1 and SOIL2 were 30 mg/ml.
Results of chemical analyses are demonstrated in Table 4. There was a high amount of PAHs in air samples,
15.4 g-m3 in AIR1 and 13.1 ng.m3 in AIR2. All tests indi-
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cated these samples to have genotoxic activity (see Fig. 2).
In case of soil samples SOIL1 and SOIL2, there was assessed higher amount of DDTs than of PAHs (see Table 4).
No test was indicating genotoxic activity in soil samples
(see Fig.2). In case of sediment samples, SED sample had
a problem with high amounts of toxic PAHs. Genotoxicity
detection was problematic, because this sample showed a
high cytotoxicity. But umuC test was ideal to indicate its
genotoxic potency (see Fig. 2).

Induction factor

4,5
4,0

RecA test

3,5

SOS-chromotest

3,0

UmuC test

2,5
2,0
1,5
1,0
0,5
0,0
AIR1 AIR2

SOIL1 SOIL2

SED1 SED2

FIGURE 2 - Environmental samples (In case of SED1 there could
not be detected genotoxicity for SOS chromotest and RecA test
due to high toxicity of this sample. Results are represented by Induction factor. Results for concentrations 30mg/ml (SED and SOIL
samples) and 16m3/ml (AIR samples)).

Results above imply that each of the tests is probably
sensitive to a slightly different broad spectrum of compounds in the complex environmental mixtures. The environmental samples induced comparable responses in RecA
test and the other SOS tests in a qualitative way, but that
was unexpected due to the results of the sensitivity comparisons (Fig 2.). Air samples induced unambigously the
highest response in the SOS chromotest. In the case of soil
samples, the responses of the SOS tests were equivalent.
Sediment samples induced the highest response in RecA
test. One of the sediment samples (SED1) was highly toxic,
and inhibited mainly strains of E. coli used in the RecA
test, respectively, while umuC test did not indicate such a
high toxicity.
DISCUSSION AND CONCLUSIONS
The chemicals sodium azide, 9-nitroanthracene and 4nitrophenylene-1,2-diamine had negative response in the
SOS chromotest. All tested chemicals, with the exception of
sodium azide, were positive in umuC test. Data in RecA
test were very limited. Only for 4-nitroquinoline-N-oxide
genotoxicity was detetcted, confirmed by literature [28].
The qualitative results of umuC test and SOS chromotest
were in accordance with published data (see Table 2), and
only 9-aminoacridine had different response in the SOS
chromotest.
The induction of the SOS response in RecA test with
sodium azide was unexpected, because this substance was

not classified as a SOS inducer in classical SOS genotoxicity tests [20]. However, the positive result with this chemical was already obtained in the Vitotox test [1], explained
by induction of a specific point mutation in luxCDABE
operon that resulted in an initiation of the luminescence
process. Negative results with 1-nitropyrene were obtained
in repeated experiments with the RecA. Also, this was unexpected because 1-nitropyrene is one of the very potent
genotoxins and SOS inducers in SOS tests [20-22]. The
comparison with published qualitative data for the Ames
test confirmed that SOS genotoxicity tests enable an effective detection of mutagens with different genotoxic mode of
actions, with only one strain. For the genotoxicity detection
of selected chemicals, at least 3 strains (TA98, TA 100,
TA 1535) are necessary. Quantitative comparisons of SOS
tests are very limited in literature [30].
The results with the chemicals showed that the RecA
test was lower sensitive in a qualitative way, in comparison to the umuC test. However, its responses were quite
comparable with the SOS chromotest. In the case of environmental samples, SOS chromotest was the most sensitive
when the two air samples were considered (see Fig. 2), but
there was no statistical approach to test this. The environmental samples induced comparable responses in t RecA
and other SOS tests in a qualitative way, that was unexpected due to the results of the sensitivity comparison. The
results suggest that the RecA test shows similar response
to genotoxic pollutants in environmental samples as other
SOS tests, even when the induction of SOS response is
probably caused by a slightly different spectrum of compounds.
Different sensitivity responses of tests could be caused
with another defense mechanisms of bacterial cells, and also
with different transmission of cell membranes of the tested
bacterial strains [31-33], and also with the tolC mutation
[34].
In cases of all environmental samples (Fig.2), calculations with supposed toxic and genotoxic effects have
to be done. All samples were chosen in their dependence
to contamination with POPs. Samples were collected at urban localities with high density of industry, traffic and inhabitants. We supposed to have samples with high volumes of direct genotoxic compounds (Nitro-PAHs, etc.).
Results from chemical analyses of environmental samples
are represented in Table 4. We can see that air samples
contain high amounts of PAHs (i.e. AIR1, sum of PAHs
15.4 ng.m-3, and for AIR2 13.1 ng.m-3).
In literature, environmental levels of tested standards
are not available or have not been published yet.
The results suggest that RecA test and SOS chromotest are at comparable levels in determination of genotoxicity effects of chemical standards tested in this study. UmuC
test is more sensitive in a quantitative way, compared to
these above tests (see Figs. 1 and 2). In case of 4-NQO
(Fig. 1G), another scale of eight concentrations was chosen
because this substance is also a positive control for the as-
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sessed tests, and tests are more sensitive to this substance,
even in very low concentrations. The lowest MGC values
were measured, with respect to RecA test and SOS chromotest (see Table 3). For environmental samples, umuC is
an optimal indicator of genotoxicity. A big advantage of
this test is also its ISO normalization. All of the tests have
shown air samples to have genotoxic potency, but soil samples without. In case of sediment samples, RecA test and
SOS chromotest could not detect genotoxicity because of
the high cytotoxicity of this sample SED1. Its genotoxic
potency could only detected by the umuC test.
We also confirmed SED1 as more contaminated with
POPs than SED2 (see Fig. 2). SED1 was more cytotoxic
than SED2, and genotoxic effects of the latter were decreased with regard to SED1 (see Fig 2). It confirmed our
hypothesis with distance from pollution source. SED1 was
located nearest to the drainage runoff with high amounts
of PAHs, but also DDTs and PCBs (see Table 4). The sample SED2 was onwards from the pollution source, and there
were also determined lower amounts of POPs than in the
case of SED1 (Table 4).
Results suggest that the umuC test is the best for
genotoxicity detection, in comparison to RecA test and SOS
chromotest, both in qualitative and quantitative way. For
our chosen environmental samples and chemical standards,
it was the optimal test for genotoxicity detection.
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ELECTROKINETIC AND ADSORPTION
PROPERTIES OF SEPIOLITE MODIFIED
BY 1-[3-(TRIMETHOXYSILYL)PROPYL]UREA
Pınar Turan, Mehmet Doğan*, Mahir Alkan, Yasemin Turhan, Hilmi Namli and Özkan Demirbaş
Balikesir University, Faculty of Science and Literature, Department of Chemistry 10145 Balikesir, Turkey

SUMMARY
Surface modification of clay minerals has become increasingly important for improving the practical applications. Modification of sepiolite clay has been performed
using 1-[3-(trimethoxysilyl)propyl]urea (TMSPU) in the
presence of toluene solution. The utility of the TMSPUmodified sepiolite as an adsorbent for removal of various
metal ions from aqueous solutions was investigated. Extensive physicochemical evaluation of the obtained modified sepiolite was conducted using FTIR and XRD
techniques, and it was suggested that chemical bonding
takes place between the hydroxyl groups and/or oxygen
atoms within the structure of sepiolite and methoxy
groups of TMSPU. Electrokinetic properties of the
formed sepiolite suspensions were also examined by determining their zeta potential. The adsorption capacity of
the modified sepiolite for Fe(III), Mn(II), Co(II), Cu(II),
Zn(II) and Cd(II) was determined. The effects of pH and
temperature on the ad-sorption process were studied. Toward Fe(III) and Mn(II), the adsorption capacity of the
modified sepiolite was high. The adsorption isotherm has
been determined and the data have been analysed according to the Langmuir and Freund-lich models.

KEYWORDS: Sepiolite, 1-[3-(trimethoxysilyl)propyl]urea, modification, zeta potential, adsorption, metal ions.

INTRODUCTION
Surface modification of adsorbents aims at altering
their chemical and physical characters. Efficiency of the
modification depends upon the type of bonds, which are
formed between functional groups on adsorbent surface and
those of the modifying and pro-adhesive compounds [1,
2]. For classifying surface modification from the standpoint
of the techniques employed, the subject is divided into
two groups, physical and chemical ones. Physical methods

are accompanied by a topo-chemical compositional change
on the top surface of the adsorbent. Chemical modification
methods can introduce various organic functional groups on
adsorbent surfaces without large geometrical changes.
Chemical modification in its real sense means the covalent
bonding of functional groups to surfaces as a result of
chemical reactions between surface species and appropriate
reactants. Difficulties sometimes arise in distinguishing
whether a surface species being attached is chemisorbed,
physisorbed, or only mechanically held on the metal oxide
surface [3]. Impregnation or organic modification process
is accomplished through the replacement of inorganic exchangeable cations. After this replacement, organic molecules are adsorbed within the crystalline structure of the
clay, and then swell in the presence of organic contaminants. These organic ions attached to the clay, readily adsorb other organic species [4-6].
Among various modifying compounds, compounds of
the coupling agent group, which contain three groups, that
can be potentially react with surface hydroxyl [7, 8], deserve particular attention. These groups are capable to undergo condensation with silanol groups of adsorbent surfaces. Organo-functionalization or grafting of silane molecules on a clay surface is another interesting method of
modification. In surface modification, most frequently applied are silane coupling agents [9, 10] of the general formula (RO)3-Si-X, where X corresponds to the functional
organic group, linked to Si atom by an alkyl chain, while
RO corresponds to an easily hydrolysable group (most frequently an alkoxy group). Silane coupling agents are capable of providing chemical bonding between an organic and
an inorganic material. In literature of the subject and in
analytical practice, several investigative techniques have
been suggested for controlling the mechanism of organosilane reaction with silanol groups of silica surfaces. The
FTIR and XRD technique has proven to be very useful for
examination of chemical structure and surface interactions
[11, 12]. The combination of the two techniques allows for
a clear description of physical and chemical interactions between organo-silanes and adsorbent surface.
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The differences in acid-base properties of clays and
their modification will have effects on the zeta potential
of the surfaces and, consequently, the zero net charge [13].
Charge formation, density and changes due to adsorption
and desorption of solutes are directly reflected in the electrokinetic behaviour of clay minerals. All electrokinetic
phenomena are related to the development of electrical
double-layer at the particle/electrolyte interface [14, 15].
The study of the electrochemical properties of the clay/
water interface is important to understand a large number
of properties of clay-rich porous media and colloid suspensions of clays [16]. Otherwise, electrokinetic properties,
such as the isoelectric point (iep) and potential determining ions (pdi) of fine particles in an aqueous solution, play
a significant role in understanding the adsorption mechanism of inorganic and organic species at the solid/solution
interface [17].
Modified adsorbents are of interest in many fields of
chemistry. In each field, interactions with specific types of
molecules are effected. In analytical and physical fields, organic compounds [18] and metal ions [19] are selectively
adsorbed. The chemical field aims at the immobilization of
metal complexes for use as catalyst centers [20]. Enzymes
are immobilized in the biochemical field [21]. In the industrial field, interaction with polymers and ceramics is
realized [7]. Heavy metals are present in nature and industrial wastewaters. Due to their mobility in natural water
ecosystems and their toxicity, the presence of heavy metals in surface water and groundwater poses a major inorganic contamination problem [22]. With industrial advances, current interests in the study of water pollution
problems have stimulated interest for the removal of heavy
metal ions from aqueous solutions by various methods [23].
These include chemical (precipitation/neutralization) or
physical (ion exchange, membrane separation, electrodialysis and active carbon adsorption) methods [24, 25]. Adsorption is one of the more popular methods for the removal
of heavy metals from wastewater, offering significant advantages. When compared with many conventional methods, especially from an economical and environmental point
of view, it is the cheapest, most easily available and profitable, easy to operate and most efficient methodology.
Activated carbon is widely used as an adsorbent due to its
high surface area, high adsorption capacity, but it is relatively high in price, which limits its usage [26]. In recent
years, attention has been focused on the various adsorbents,
such as chitosan, zeolites, fly-ash, coal, oxides, sawdust and
various clay minerals, which have organic and inorganicbinding capacities, and are able to remove unwanted hazardous species from contaminated water at low cost [27].
Among the new adsorbents, clays, such as kaolinite [28],
perlite [15,29], bentonite [30], montmorillonite [31], smectite [32] etc. are being considered as alternative low-cost adsorbents.
Sepiolite is a hydrous magnesium silicate characterized
by its fibrous morphology and intracrystalline channels. It
owes much of its industrial applications to its molecular-

sized channels and large specific surface area [33]. Sepiolite is used in a variety of industries including cosmetics,
ceramics, detergents, paper and paint. High-capacity values
were also observed for heavy metal removal and wastewater treatment using sepiolite [34, 35]. The abundance and
availability of sepiolite reserves together with its relatively
low-cost guarantee its continued utilization. Most of the
World's sepiolite reserves are found in Turkey [36, 37].
Sepiolite has attracted remarkable attention by its sorptive, rheological and catalytic properties, and the use of
sepiolitic clays is expanding [38, 39].
There are many studies of the adsorption properties of
some metal ions by modifed adsorbents, but we did not
found any study related to characterization and its electrokinetic and adsorption properties of sepiolite modifed
by 1-[3-(trimethoxysilyl)propyl]urea (TMSPU). Of many
surface modification materials, TMSPU is an alkoxysilane
having an amine-group and (CH3O)3-Si moieties in its structure, and exhibiting an unique property. In this paper, we
firstly report the chemical functionalization of sepiolite with
TMSPU in the presence of toluene as a dispersing medium.
The functionalized clay has been characterized with different techniques, such as Fourier transform infrared spectroscopy (FTIR) and XRD. Secondly, the electrokinetic
properties of the modified sepiolite in various metal ion
media have been reported, and finally, the effects of pH
and temperature on the adsorption capacity of the metal
ions onto modified sepiolite from aqueous solution were
studied. The adsorption results have been discussed according to the isotherm equations.
MATERIALS AND METHODS
Materials

Sepiolite sample used in this study was obtained from
Aktaş Lületaşı Co. (Eskişehir, Turkey). The chemical composition and some physicochemical properties of sepiolite
clay are given in Tables 1 and 2, respectively [40]. 1-(3-[trimethoxysilyl)propyl]urea was obtained from the Aldrich
Chemical Company Inc., USA. Other chemicals were of analytical grade and obtained from Merck.
TABLE 1 - Chemical composition of sepiolite.
Component
SiO2
MgO
CaO
Al2O3
Fe2O3
NiO
LoI
LoI: Loss of ignition

Weight %
53.47
23.55
0.71
0.19
0.16
0.43
21.49

TABLE 2 - Some physicochemical properties of sepiolite.
Colour
White
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Cation exchange
capacity
(meq 100g-1)
25.00

Density
(g cm-3)
2.55

Specific
surface area
(m2 g-1)
342

Particle
size
(µm)
50
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Grafting process

Sepiolite samples were treated before use in experiments, in order to obtain a uniform size sample of adsorbent as follows [15]: the suspension containing 10 g L-1
sepiolite was mechanically stirred for 24 h, after waiting
for about two min, the supernatant suspension was filtered
through filter paper. The solid sample was dried at 105 oC
for 24 h, ground, then sieved by a 50-µm sieve. The particles under 50 µm were used in further experiments. The
grafting reaction was carried out in 100 mL toluene solution. A quantity of 5 mL of TMSPU was firstly introduced
into 100 mL toluene, and temperature was kept at 80 0C.
Then, 5 g of clay was added, and the mixture was stirred
under reflux for 24 h. The crude product was filtered and
washed twice times using toluene, followed by methanol
and acetone. This resultant product was dried at 80 0C for
24 h, and then placed in a sealed container for characterization [41].
Characterization

About 0.01 g of clay was mixed with 1 g of potassium bromide (KBr) and pelletized in the hydraulic press at
10 kPa. FTIR spectra were taken in the range from 4000
to 400 cm−1 using a Perkin–Elmer BX 1600 spectrophotometer operated in the transmission mode. The interaction between the sepiolite surface and the modifier
(TMSPU) during the modification has been investigated
by a series of FTIR spectral analyses:
1. Modifier sample (aimed to estimate the peaks arising from modifier, and changes on it after modification)
2. Sepiolite sample (to observe any changes on sepiolite during the modification process, and comparing the
modified sample)
3. Modified sepiolite sample (to compare the peaks
arising from the modifier and sepiolite)
4. Modified sepiolite with the sepiolite-background
(the peaks arising from sepiolite are omitted by subtracting spectrum, and the changes on the modifier will appear more clear)
5. Mechanical mixture (to observe if there is a chemical reaction between sepiolite and modifier).
X-ray diffraction measurements were performed using an Analytical Philips X’Pert-Pro X-ray diffractometer
equipped with a back monochromator operating at 40 kV
and a copper cathode as X-ray source (λ = 1.54 Å).
Zeta potential measurements

The zeta potential of the modified sepiolite suspensions was measured using a Zeta-meter 3.0 (Zeta Meter
Inc.) equipped with a microprocessor unit. The unit automatically calculates the electrophoretic mobility of
the particles, and converts it to the zeta potential using
the Smoluchowski equation. The Smoluchowski’s equation, the most elementary expression for zeta potential
gives a direct relation between zeta potential and electrophoretic mobility,

ζ=

4πVt
× EM
Dt

(1)

where EM is electrophoretic mobility at actual temperature; Vt is viscosity of the suspending liquid; Dt is
dielectric constant; π is constant and ξ is zeta potential [42].
A sample of 0.1 g modified sepiolite in 100 mL distilled
water containing the desired electrolyte was added to a
shaker-incubator and rinsed for 24 h at 25±1 0C. The samples were allowed to stand for 1 min to let larger particles
settle. An aliquot taken from the supernatant was used to
measure the zeta potential. The applied voltage during the
measurements was generally varied in the range of 50–
150 mV.
Adsorption experiments

Adsorption experiments were carried out in 100-mL
polyethylene flasks by shaking 0.1 g modified sepiolite
with various amounts of stock metal solutions at constant
pH and 25 0C, except those in which varying conditions
of temperature and pH were investigated. Each run was
repeated, at least twice. A preliminary experiment revealed
that about 24 h is required for metal ions to reach equilibrium concentration. The flasks were shaken mechanically
for 24 h at 25 0C. A thermostated shaker incubator was
used to keep the temperature constant. The pH of the solution was adjusted with NaOH or HNO3 solution by using
an Orion 920A pH-meter with a combined pH electrode.
The pH-meter was standardized with NBS buffers before
every measurement. At the end of the adsorption period,
the solution was centrifuged for 15 min at 5000 rpm. The
concentration of metal ions in the supernatant was determined by AAS (Unicam 929). Blanks without metal ions
were used for each series of experiments. The amounts of
metal ions adsorbed were calculated from the concentrations in solutions before and after adsorption.

q e = (C0 − Ce )

V
W

(2)

where qe is the amount of adsorbed metal ions on modified sepiolite at equilibrium (mol g-1); C0 and Ce are the
initial and equilibrium liquid-phase concentrations of metal
ions (mol L-1), respectively; V is the volume of metal ion
solution (L), and W is the mass of the modified sepiolite
sample used (g) [15].
RESULTS AND DISCUSSION
Characterization of surface grafting

Modification of the sepiolite surface with TMSPU was
investigated by FTIR, XRD and zeta potential.
FTIR Analysis: The hydroxyl groups on the oxide surface, resulting from hydrolysis, act as active sites in the

1383

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

grafting reaction. The grafting agents are supposed to attach to clay surfaces by chemical bonding and adsorption
to form a monomolecular layer or oligomer film on the clay
mineral surfaces [13]. However, the adsorbed organic layer
is often displaced by solvents or during compounding.
Chemical bonding gives rise to a solid linkage between
the coupling agent and the clay surfaces, thus improving the
properties of the polymer products [43]. Infrared spectrum
measurement based on the absorption band changes of functional groups in minerals can be used to determine if there
is a chemical bonding. In Figures 1-4, the differences that
have been observed in the vibration frequencies of the
FTIR spectrum of TMSPU-added sepiolite are considered
as the indicators of the interaction between the modifying
molecule and sepiolite particles. The adsorption of a polar
or a nonpolar molecule perturbs the stretching vibrations
of Si–OH groups of external surface and causes shifting
to lower wave-number [44]. On the other hand, the perturbation observed on the zeolitic and bound water vibrations
of sepiolite indicates that some of the organosilane molecules enter the interior channels and replace zeolitic water
molecules. The frequency shifts may indicate the formation
of new H-bonds between bound/zeolitic water and organosilane molecules, whereas weakening in intensity of
the m(OH) vibration of the zeolitic water is the indication
that modifier molecules replace a part of the zeolitic water
[45].

the one or two methoxy disappearance(s), and reaction style
of the sepiolite and modifier.

The method [12] used here can allow following the
changes on the modifier and sepiolite after modification.
Scanning the equal amount of the sepiolite as background,
and having the spectra of the modified sample, we get only
the modified compounds peaks appearing on the FTIR
spectra. Comparing those peaks obtained from pure and
modified peaks, we may assume the changes on the modifier during the modification. For instance, when the peaks
due to the methoxy group of the modifier disappear after
modification, we can clearly see the modification that happened between methoxy group and OH of the sepiolite.
Reduce in the methoxy peaks intensity may be attributed to

Indication of the modification can be observed from
the comparison of sepiolite (a), modifier (b) and modified
sepiolite samples (c) in FTIR spectrum (Figure 2). While
sepiolite gives intense peaks at the O-H region, it is difficult to see the urea N-H stretching due to the overlap of
large O-H stretching at 3100-3650 cm-1. But as mentioned
above, the propyl chain C-H can easily be seen at 2944 cm-1.
Other indication for the modifications is the carbonyl group
of the urea. The peaks (1655 and 1604 cm-1) can also clearly
be found in the modified sepiolite spectrum (Figure 2c).
The peak at 2842 cm-1 (Figure 2b) assumed to be the C-H

Sepiolite contains four different types of water molecules: (i) hygroscopic, (ii) zeolitic, (iii) bound, and (iv)
hydroxyl water [46]. In sepiolite, the most probable binding sites on the sepiolite surface are surface hydroxyls and
Lewis acidic centers [45]. FTIR spectra of the original sepiolite samples are shown in Figure 1a. The Mg3OH band at
3762–3578 cm-1 characterized by weak bonding strength
is ascribed to the presence of OH groups in the octahedral
sheet, and the OH stretching vibration in the external surface of sepiolite. On the other hand, the 3430 and 1660 cm-1
bands are, respectively, assigned to the OH stretching, representing the zeolitic water in the channels and bound water
coordinated to magnesium in the octahedral sheet. The band
at 1453 cm-1 developed due to the hydroxyl bending vibration again reflects the presence of bound water. The Si–
O coordination bands at 1208 and 1016 cm-1 represent the
stretching of Si–O in the Si–O–Si groups of the tetrahedral sheet [47].
The modifier, TMSPU, shows very clear FTIR spectra
due to the carbonyl group (1657 and 1606 cm-1) and NH
(3348 cm-1) bonds in the urea. The C-H stretching at the
propyl groups (2943-2842 cm-1) is also a good indication
for the modification, since the sepiolite does not have any
peaks around this region (Figure 1b).
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FIGURE 1 - FTIR (KBr) spectra of the sepiolite (a) and modifier (b) used for modification.

FIGURE 2 - The FTIR spectra of the sepiolite (a), modifier (b) and modified sepiolite (c) in KBr.

stretching for the methoxy group. Disappearance of the
related peak after the modification may be attributed to the
loss of the methoxy group as methanol.
To support the above assumption, the direct mixture
of the sepiolite and modifier was also investigated. In the
physical absorption case, the FTIR spectrum of the modified structure and the mechanical mixture should give the
same spectra. When the modifier has any change during
the modification, this change may be observed in the difference between the modified and mechanical mixture. As
can be seen from Figure 3, while the mechanical mixture
shows the same peaks of the modifier and sepiolite, the
modified sample has differences in both, especially disappearance of the methoxy group and change in the surface
of the sepiolite.

The mechanical mixture clearly shows that the methoxy groups of the modifier are still on the molecule without any change. The peak due to the methoxy C-H at 2842
cm-1 in the modifier spectra in KBr (Figure 4a) was observed at 2847 cm-1 with a little shift in the mechanical
mixture spectra (Figure 4d), which was not observed in the
modified sample (Figure 4c), being a good indication of the
surface reaction.
Abundance of the Si-OH in the sepiolite gives very
intense peaks for Si-O and O-H bond stretching. Due to
these intense peaks in the case of less modification, it is
difficult to observe the peaks arise from the modifier. Having a background, as sepiolite omits the peaks arising from
it, only the modifier peaks will appear more clearly as shown
in Figure 4e.
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FIGURE 3 - The infrared absorption spectra of the modifier (a), sepiolite before modification (b), after modification with TMSPU (c), mechanical mixture of sepiolite, and modifier (d).

FIGURE 4 - The infrared absorption spectra of the modifier (a), sepiolite before modification (b), after modification
with (TMSPU) (c), mechanical mixture of sepiolite and modifier (d) and modified sepiolite with the sepiolite-background (e).

According to the explanation above, the reaction between hydroxyl groups of sepiolite and methoxy group of
modifier can be written as follows:

(3)
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a.) Sepiolite
b.) Modified sepiolite

FIGURE 5 - XRD patterns of the sepiolite and modified sepiolite.

XRD Analysis: XRD analysis can also provide an important information about the modification of sepiolite by
TMSPU. The XRD patterns of the sepiolite before and
after grafting are shown in Figure 5. As seen in Figure 5,
XRD pattern of sepiolite is affected by modification with
TMSPU, as observed by the change in some peaks. It is
clear that there is a bonding interaction between sepiolite
and TMSPU, since the intensity of some peaks has especially changed in the position range of 20-40 in the XRD
pattern of TMSPU-modified sepiolite.
Zeta potential

FIGURE 6 - The variation of zeta potential with equilibrium pH
of the modified sepiolite suspensions in the presence of metal ions.

0
0

Zeta potential (mV)

Interfacial interaction between an adsorbent and a metal
ion through an adsorption process from aqueous solution is
a phenomenon of central importance and of great technological and scientific interest, because of its application in
commercial processes. In addition, adsorption is a process
of considerable complexity and an interesting challenge in
understanding the solution and interfacial behaviour of suspensions. Therefore, it is necessary to investigate the electrokinetic properties of adsorbent suspensions. The study of
zeta potential can also lead to a better knowledge of the
double-layer region, especially for ionic solids [48]. The
variation of zeta potential of the modified sepiolite with
the different initial metal concentrations and equilibrium
pH are shown in Figures 6 and 7, respectively. As can be
seen, the zeta potential values of the modified sepiolite are
negative. This has shown that a bonding interaction between the active sites on sepiolite and the modifier occurred, and that sepiolite surface was modified. We previously found that sepiolite had an isoelectrical point (iep)
at pH 6.6 [48]. The iep of a mineral represents the sum of all
interactions occurring at the mineral/water interface, e.g., H+
and OH− adsorption, distribution of dissolved lattice ions, if
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FIGURE 7 - The variation of zeta potential with initial
metal concentration of the modified sepiolite suspensions.
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present, or hydrolytic reactions of H+ and OH− with the
dissolved lattice ions at the interface. The iep also indicates that at this point (or pH) there is no charge at the
surface; that is, the total positive charges are equal to the
total negative ones. Comparing with our previous results,
we can say that some changes occur on the sepiolite surface by modification due to not observing the isoelectrical
point in the pH range studied. For a cation to be a potentialdetermining ion (pdi), it should render the surface more
positive with an increase in the concentration of the cation.
As seen in Figure 7, the surface is, at first, more negatively
charged, and then the negative charge decreases as the concentration of electrolyte increases. It can be said that these
cations adsorb specifically, and are capable of causing a
charge reversal at high electrolyte concentrations.
Adsorption equilibrium

The adsorption of metal ions on the modified sepiolite by TMSPU from aqueous solutions has been investigated as a function of pH and temperature.
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FIGURE 8 - The adsorption isotherm
curves of metal ions on modified sepiolite.
Adsorption isotherm: Figure 8 shows the isotherm plots
for the adsorption of metal ions, such as Fe(III), Mn(II),
Co(II), Cu(II), Zn(II) and Cd(II), from aqueous solutions
on the modified sepiolite by TMSPU. The adsorption capacity of the modified sepiolite is higher for Fe(III) and Mn(II)
than for the other ions. This may be a result of i) specific
interaction between metal ions and the chromophore group
(amine) of modifier agent, and ii) the specific adsorption of
metal ions at active sites on the unmodified sepiolite. In
addition to that, acidic characters of Fe(III) and Mn(II) (hard
acids) are more than the other ions, such as Co(II), Cu(II),
Zn(II) and Cd(II) (relatively hard acids). Owing to the presence of acids harder than Co(II), Cu(II), Zn(II) and Cd(II),
the Co(II), Cu(II), Zn(II) and Cd(II) ions are less adsorbed
on the TMSPU-modified sepiolite. The reaction between the
modified sepiolite and metal ions can generally be given as
follows:

1388

S e p i o l i t e

Fresenius Environmental Bulletin

S e p i o l i t e

© by PSP Volume 16 – No 11a. 2007

(4)

inflection point suggests an on-set of a change in the mechanism for metal removal. Beyond pH 4.0, therefore, ionexchange-mechanism becomes masked by pre-cipitation
and adsorption of hydrolyzed species [55]. Strong removal
of metal ions coincides with the pH condition where a
small fraction of the corresponding metal hy-droxide
species is formed in the aqueous phase [49]. For example,
Stumm and Morgan [56] reported that Cd speciates to
CdOH+ after pH 8, Cd(OH)2 after pH 9 and Cd(OH)3- after
pH 11. Therefore, Cd+2 ions precipitate at higher pH values than those of other metals. If at high pH values, both
ion exchange and metal hydroxide precipitation jointly contribute to metal removal from solution.
0.00035

0.00028

-1

qe (mol g )

Effect of pH: The pH is an important parameter controlling the permeability through changes in the amount and
charge of active sites on the edges of clay mineral particles and, hence, flocculation [49]. Because of the protonation and deprotonation of the acidic and basic groups of the
modifier agent, its adsorption behavior for metal ions is influenced by the pH value, which affects the surface structure
of sorbents, the formation of metal hydroxides, and the interaction between sorbents and metal ions [50]. Therefore,
the pH dependence of adsorption for metal ions was investigated in detail. The adsorption of the metal ions on the
modified sepiolite from aqueous solutions was studied over
the equilibrium pH range 2-7 for a fixed adsorbent dose of
1 g L-1 at 25 0C (Figure 9). This figure shows that the adsorption behavior of metal ions is sensitive to pH changes. The experiments were carried out for pH values below
that pH where the chemical precipitation of metal hydroxides occurs, which has been estimated as pHs 5.5; 9.8; 9.1;
7.7; 8.9 and 9.3 at 1.07x10-3, 9.10x10-4, 1.35x10-3,
1.10x10-3, 1.07x10-3 and 6.20x10-4 mol L-1 for Fe(III),
Mn(II), Co(II), Cu(II), Zn(II) and Cd(II), respectively. In
these conditions, metal removal can be related to the adsorption process. The inhibition of metal adsorption with
a decrease in pH has been observed by several authors for
different sorbents [51]. The increase in the metal removal,
as the pH increases, can be explained on the basis of a
decrease in competition be-tween proton and metal species for the surface sites, and by the decrease in positive
surface charge, which results in a lower coulombic repulsion of the sorbing metal [52]. This decrease can be due to
protonation of the nitrogen atom in the modified sepiolite,
especially in the low initial pH value [53]. In the range of
pHs studied, it was observed that the adsorption capacities increased with increasing pH, reaching plateau values around pH 4.5 for Cu(II) and Zn(II) metal ions; and
up to pH 6.5 for Mn(II) and pH 7.0 for Cd(II) metal ions.
On the other hand, for Fe(III) and Co(II), it was found
that maximum adsorption occurred a pH 4. As the pH
increases, the ion exchange sites become increasingly
ionized and the metal ions become adsorbed. In this case,
the ion-exchange process for Mn(II), Cu(II), Zn(II) and
Cd(II) is the major mechanism for removal of metals from
solution. These observations are in line with earlier findings of Lafferty and Hobday [54]. At pH 4.0 for Co(II) and
Fe(III), there was an inflection point. The pres-ence of the
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FIGURE 9
Effect of pH to the adsorption of metal ions on modified sepiolite.
Effect of temperature: In the temperature range of 25–
55 °C, the adsorption capacity of the modified sepiolite
for the metal ions, such as Fe(III), Mn(II), Co(II), Cu(II),
Zn(II) and Cd(II), at constant concentration was determined.
The results of the studies of the influence of temperature
on cation adsorption are presented in Figure 10, in terms of
amount of metal removed versus temperature. It can be seen
that temperature has an effect on adsorption. The results
indicate that the distribution ratio increased with increase
of solution temperature. This shows that the adsorption is
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an endothermic and a chemical adsorption process [53].
The effect is stronger for Fe(III) than for the others.
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FIGURE 10 - Effect of temperature on the
adsorption of metal ions on modified sepiolite.
Effect of competeting metal ions: The amount of adsorption of different heavy metals can vary, and differences
can be shown for different clay minerals. In order to examine the effect of the competing metals, adsorption experiments were conducted by the constant concentration of metal ions and summarized in Table 3. As seen from Table 3,
the modified sepiolite adsorbed more Fe(III) and Mn(II)
according to the other metals. When the initial concentrations of Fe(III) and Mn(II) were 1.07x10-3 mol L -1 and
9.1x10-4 mol L-1, the removal percentages are 16 and 14 %,
respectively. On the other hand, the removal percentages
of the other metals by the modified sepiolite are very low,
being between 1-2 %. This result shows that there is a
stronger interaction between metals, such as Fe(III) and
Mn(II), and the amine group of the modifier. Again, the
more adsorption of Fe(III) ions may be due to the specifice adsorption of iron ions at the active sites on the unmodified sepiolite surface Universally consistent rules of
metal selectivity cannot be given, as it depends on a number of factors such as the following: i) the chemical nature
of the reactive surface groups, ii) the level of adsorption
(adsorbate/adsorbent ratio), iii) the pH at which adsorption is measured, iv) the ionic strength of the solution in
which adsorption is measured (determines the intensity of
competition by other cations for the bonding sites), and v)
the presence of soluble ligands that could complex the free
metal [57].

pH

C0 (mol L-1)

Ksp

Fe(III)

4

1.07x10-3

Mn(II)
Co(II)
Cu(II)
Zn(II)

6
4
6
5.5

9.10x10-4
1.35x10-3
1.10 x10-3
1.07x10-3

1.6 x10-39

(OH-)
(mol L-1)
3.46 x10-

qe
(mol g-1)
1.75 x10-4

1.6x10-13
1.3x10-15
4.8x10-20
3.0x10-16

6.84 x10-5
1.37 x10-5
4.57 x10-7
8.43 x10-6

1.27 x10-4
2.65 x10-5
1.85 x10-5
1.86 x10-5

10

2.08 x10-5 8.36 x10-6

Ce

(5)

where qe is the amount adsorbed on the modified sepiolite (mol g-1), Ce is the equilibrium concentration of the
adsorbate ions (mol L-1), and qm and K are Langmuir constants related to maximum adsorption capacity (monolayer
capacity) and energy of adsorption, respectively [58]. When
Ce/qe is plotted against Ce, a straight line with slope 1/qm
and intercept 1/qmK is obtained (figure not given). The
values for the Langmuir variables, qm and K, and correleaction coefficients are shown in Table 4.
Freundlich isotherm: The adsorption for metal ions has
also been analyzed using the logarithmic form of the
Freundlich isotherm as shown below:

ln q e = ln K F +

1
ln C e
n

(6)

where KF and n are Freundlich constants related to adsorption capacity and adsorption intensity, respectively.
When lnqe is plotted against the lnCe, a straight line with
slope 1/n and intercept lnKF is obtained (Figure 11). The
results reflect the satisfaction of the Freundlich isotherm
model for the adsorption of metal ions. The intercept of the
line, lnKF, is roughly an indicator of the adsorption capacity and the slope, 1/n, is an indication of adsorption intensity [58]. The values obtained for the Freundlich variables
for the adsorption of metal ions are given in Table 4.

TABLE 3 - Some values belonging to
metal ions r competing for adsorption.
Metals

5.5x10-15

T: 25 C and pH:3
Adsorption models

0
30

6.20x10-4

Langmuir isotherm: Langmuir's isotherm model assumes uniform energies of adsorption onto the surface,
and no transmigration of adsorbate in the plane of the surface. The linear form of the Langmuir isotherm is represented by the following equation:

0.00007

25

7

0

The metal adsorption data for the modified sepiolite
have been analyzed using the Langmuir and Freundlich
models, to evaluate the mechanistic parameters associated
with the adsorption process.
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FIGURE 11 - Freundlich isotherm plots for Figure 7.
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TABLE 4 - Isotherm parameters for the adsorption of metal ions on the modified sepiolite.
Metal ions
Mn
Cu
Fe
Zn
Co
Cd

Temperature
(0C)
25
25
25
25
25
25

pH
4.0
4.0
3.0
4.0
4.0
4.0

qm (mol g-1)
3.58x10–4
4.96x10–5
8.84x10–5
7.17x10–5
1.33x10–4
4.35x10–5

Langmuir isotherm
K (L mol-1)
1597.4
10834.8
6103.4
1726.2
797.9
2202.5

CONCLUSIONS

R2
0.8824
0.9893
0.9646
0.9937
0.9540
0.9723

R2
0.9866
0.9916
0.9966
0.9920
0.9942
0.9998

Freundlich isotherm
n
KF
1.14
1.3785 x10-1
3.65
2.9923 x10-4
2.19
1.9623 x10-3
1.51
4.8387 x10-3
1.39
8.4668 x10-3
1.57
3.0380 x10-3
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DECOLORIZATION OF INDIGO CARMINE BY
CRUDE BILIRUBIN OXIDASE FROM Myrothecium sp.
Youxun Liu, Xiaoyu Zhang*, Keliang Yan, Hongxun Wang and Hangjun Wu
School of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, P.R. China

SUMMARY
In this study, the crude filtrate from Myrothecium sp.,
at its maximum bilirubin oxidase (BOD) activity, was found
to have an efficient decolorizing ability towards indigo carmine, a highly toxic indigoid class of dye. Maximum BOD
synthesis was detected in 5-days old cultures. After 140 min
of incubation, the decolorization by the crude enzyme was
81% at pH 7.0. SDS polyacrylamide gel electrophoresis
(PAGE) showed that the crude enzymes contained two main
proteins. On the other hand, when native-PAGE was stained
with BOD substrates (bilirubin and ABTS) or the dye indigo
carmine, it showed a single BOD activity zone or a single
decolorized zone. These results demonstrated that BOD was
the major enzyme of the crude ones involved in dye decolorization. The optimum pH and temperature for enzymatic
decolorization were determined to be 4.5 and 40 °C, respectively. Interestingly, the crude BOD decolorized indigo
carmine in a broad pH range between 4-9. The UV-visible
spectrophotometric analysis demonstrated the decolorization and degradation of indigo carmine by BOD. The results suggest that BOD has a potential application to remove dyes from effluents.

In order to solve this problem, physical and chemical
processes of color removal have been used. However, synthetic dyes are resistant to conventional wastewater treatments. Nowadays, enzymatic processes have been a procedure of choice for the removal of organic compounds from
wastewater, and so, a useful tool for protecting the environment [3,4]. In particular, enzyme-based methods are effective processes for the removal of colors from waste effluents and present some interesting properties, such as low
energy requirements, easy process control and minimal environmental impact [5].

KEYWORDS:
bilirubin oxidase; decolorization; indigo carmine; Myrothecium sp.

Bilirubin oxidase (BOD) (EC 1.3.3.5, from Myrothecium verrucaria) catalyzes the oxidation of bilirubin noncolored corresponding substances at pH 7.8 in vitro [6]. It
has a molar mass of 63 kDa and is a multicopper oxidase
containing type 1, type 2, and type 3 coppers (in the ratio
1:1:2), similar to laccase that can transform a large number
of phenolic and non-phenolic aromatic compounds [7]. It
has been reported that BOD can catalyze the oxidation of
some typical laccase substrates, such as 2,2’-azinobis(3ethylbenzthiazolin-6-sulfonate)(ABTS) as well as syringaldazine, and exhibits a high catalytic activity near neutral pH
[8]. BOD has been widely used to determine the total
bilirubin in serum in the field of clinical medicine, but
there are few reports that bilirubin oxidases are able to
decolorize dyestuffs [6]. Therefore, this work was aimed at
studying its dye decolorization capacity.

INTRODUCTION
Dyes have found broad application in various industries (plastics, paper, textile and cosmetics), in order to color
their products. Dyes are lost up to 10-15% during the
dyeing process and disposed out in the textile effluents with
a substantial spent of water [1]. Unfortunately, a very small
dye amount in water is highly visible and can be toxic to
life in water, because many dyes made from known carcinogens and their breakdown products are toxic and/or mutagenic [2]. It has been reported that dye wastewaters have
been one of the main sources of severe pollution problems
worldwide [1, 3]. Hence, the removal of color from process
or waste effluents becomes of fundamental importance to
the environment.

Oxidoreductive enzymes, such as peroxidases and polyphenol oxidases, are used in the degradation/removal of
aromatic pollutants from various dye effluents [5]. These
enzymes can act on a broad range of substrates and catalyze the degradation/removal of dyes present at very low
concentrations in dye effluents [4, 5]. Much information is
available on the use of enzymes (laccases, manganese, lignin peroxidases) of the lignolytic system from white rot
fungi in wastewater treatment [5], but there is little information on the decolorization ability of other oxidoreductive
enzymes from different sources.

The dye used in biodegradation studies is the industrially important dye, indigo carmine (IUPAC name 3,3’dioxo-2,2’-bis-indolyden-5,5’-disulfonic acid disodium salt),
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that is frequently used as textile-coloring agent (blue jeans
and other blue denim products) [9]. The dye indigo carmine
is considered to belong to a highly toxic indigoid class of
dyes, and its touch can cause skin and eye irritations to
human beings [9, 10]. Therefore, we used indigo carmine
as a representative dye for enzymatic decolorization. In
view of the high volume of the effluents generated from
dyeing units, the use of purified enzymes is not economical. Alternatively, using the crude BOD would be costeffective for the color removal from dye effluents.
In the present work, decolorization of indigo carmine
by crude BOD from Myrothecium sp., one of the best BOD
producers, was investigated. We also determined that BOD
was the only enzyme responsible for decolorization of indigo carmine in the crude filtrate. In addition, the effects of
environmental parameters (temperature, pH) on decolorization were examined. To the best of our knowledge, this is
the first report on the decolorizing ability of BOD towards
indigo carmine.
MATERIALS AND METHODS
Microorganism and culture

Myrothecium sp was isolated and identified by our
laboratory. The strain was maintained on PDA (potato
dextrose agar) medium slant. The slant was inoculated and
incubated at 28 °C for 7-8 days, then stored at 4 °C, and
periodically sub-cultured. For production of BOD, 200 ml
autoclaved PDB (potato dextrose broth) medium with an initial pH of 7.0 was prepared in a 500-ml flask, then 0.2 ml
spore suspension (108 spores/ml) from a slant culture was
inoculated, followed by 4-5 days incubation at 28 °C on a
rotary shaker (150 rpm).
Enzyme preparation

Culture broth was collected at the maximum BOD
activity, filtered, clarified by centrifugation at 8000g for
15 min, frozen, defrosted, and then filtered to remove the
precipitated polysaccharides. The clear supernatant was
used as enzyme source. The protein content of the crude
enzyme was isolated by stepwise precipitation with 30 and
80% ammonium sulphate. The precipitate obtained from
30% saturation was discarded, since no BOD activity was
found. However, complete BOD protein was precipitated
with 80% saturation. The precipitate was then dialyzed for
24 h against 10 mM phosphate buffer pH 7.0, filtered
through a 0.22-µm microfilter membrane and used for the
dye decolorization purpose.
Enzyme assays

The BOD activity was assayed as follows: 2.0 ml of
30 µM bilirubin dissolved in 0.2 M Tris-H2SO4 buffer (pH
8.4) was added to 0.2 ml of the enzyme solution, followed
by incubation at 37 °C. Measurement of the absorbance decrease of bilirubin was carried out at 440 nm with a Unico2000 spectrophotometer (USA). One unit was defined as the
amount of enzyme which oxidized 1 µM bilirubin/min [7].

Enzymatic dye decolorization

Reaction mixture contained 70 mg L−1 dye and 2 U.ml−1
crude BOD in a total volume of 3 ml in citrate-phosphate
buffer (pH 7.0). The reaction mixture was incubated at
28 °C in the dark, and dye decolorization was measured by
monitoring the decrease in absorbance maximum (indigo
carmine 610 nm) with a UV–VIS Spectrophotometer, and
expressed in terms of percentage. In parallel, control samples were maintained with heat inactivated enzyme. The
absorbance spectra of the dye, before and after decolorization, were scanned by a Varian CARY50 UV–VIS spectrophotometer (USA), and changes in its absorption spectrum
(200-800) were recorded.
Polyacrylamide gel electrophoresis

In order to identify whether BOD was the major enzyme of crude enzymes involved in dye decolorization, the
crude enzyme was subjected to polyacrylamide gel electrophoresis on native PAGE (10%). After separation of proteins on native PAGE, the gel was cut into strips, some
strips were incubated in 1 mM ABTS solution, or 0.25M
Na2CO3 solution with bilirubin for BOD activity detection.
The other gel strips were stained with indigo carmine solution at pH 7.0. After 1-h incubation, the dye solution was
discarded and gels were visualized for decolorization. Any
clear and coloured zones indicated the presence of the decolourizing activity of the enzyme. The molecular weight
and the number of the enzyme involved in decolorization
were evaluated by the separation of the crude proteins on
12% SDS-PAGE along with the standard protein marker.
Effects of pH and temperature on dye decolorization

The effect of pH on the enzymatic decolorization by
BOD (2 U.ml-1) was monitored with 70 mg L−1 dye concentration at different pHs ranging from 3 to 9 and 28 °C.
The pH of reaction mixture was adjusted by citrate-phosphate (3-7.5) and borate (8-9) buffers. To find out the effect
of temperature on the enzymatic decolorization by BOD
(2 U.ml-1), the reaction mixture was incubated between 20
and 60 °C with 10 °C increment at pH 4.5. The assays were
done twice in triplicate, and the experimental error was observed to be below 5%.
RESULTS AND DISCUSSION
Enzyme production

BOD production from Myrothecium sp. was carried
out using simple PDB media. The production of BOD
was monitored at time intervals from the crude enzyme
extracted from PDB culture. As shown in Fig. 1, the temporal enzyme activity study revealed that the maximum
activity (0.5 U.ml−1) of BOD was detected on 5th day, and
after that the enzyme level was decreased.
Dye decolorization by crude BOD

Culture broth was collected at the maximum BOD activity, and the crude enzyme from the culture broth pre-
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pared for enzymatic decolorization activity. The decolorization of indigo carmine by crude enzyme was increased
with increasing time. After 140 min of incubation, the
crude enzyme (2 U.ml−1) showed 81% decolorization, suggesting that the crude enzyme can decolorize the dye indigo
carmine.

and decolorized zone were at the same level on the gel
(Fig. 4). These results suggested that the enzymatic decolorization process was assisted only by BOD, not other enzymes such as laccase.

Enzyme activity (u/ml)
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FIGURE 1 - BOD enzyme activity from
PDB culture of Myrothecium sp. crude filtrate.

FIGURE 3 - Detection of molecular weight and the
number of proteins in crude enzyme on SDS-PAGE
(Lane 1. Crude enzyme. Lane 2. Protein marker).

Decolorization (%)
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FIGURE 2 - Enzymatic dye decolorization of
indigo carmine by crude enzyme (2 U.ml−1 )
at 28 °C; pH=7.0, 70 mg L−1 indigo carmine.
Gel electrophoresis

SDS-PAGE was conducted to detect the molecular
weight and the number of protein in crude enzyme, and
native PAGE was determined whether BOD was the major
enzyme of the crude enzyme involved in the indigo carmine
decolorization. SDS-PAGE showed that the crude enzyme
contained two main protein bands (A and B). The molecular weight of A protein was about 62 kDa, which is simlar
to a molecular size of BOD (63 kDa) from Myrothecium
verrucaria [7] (Fig. 3), indicating that A may be the BOD.
On the other hand, native PAGE showed a single enzyme
activity against BOD substrates bilirubin and ABTS, and
the gel strip stained with indigo carmine was also noticed
only a single band of decolorized zone. BOD activity zone

FIGURE 4 - Detection of BOD activity and decolorization activity
of crude enzyme on native PAGE (Lane1. A green band observed
after incubation in 1 mM ABTS solution; Lane2. A clear white
band of decolorized zone observed against yellow background
after incubation in 0.25M Na2CO3 solution with bilirubin; Lane 3.
Gel strip incubated with 100 mg L−1 indigo carmine).
Effects of pH and temperature

Effect of pH on dye decolorization by crude BOD was
determined at pHs 3-9 using citrate-phosphate (3-7.5) and
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borate (8-9) buffers. From Fig. 5 can be seen that no decolorization took place at pH 3-3.5, and a sharp increase in decolorization was observed from pH 3.5 to 4.5. More than
80% decolorization was obtained within about 70 min at
pH 4.5 (Fig. 5). Although the optimum pH for maximum
decolorization of the dye was about 4.5, the crude enzyme
showed good decolorization activity in a broad pH range
between 4-9, which is of great convenience, since it can be
used for dye wastewater treatment without previous pH adjustment.
Effect of temperature (20-60°C) on decolorization is
shown in Fig. 6. The decolorization rate increased at 2040 °C after 1 h of incubation. Indigo carmine was most decolorized (90%) at around 40 °C, above which the decolorization process decreased remarkably. The results indicated that the rate of BOD catalyzed decolorization of the
dye, and it increased with temperature up to a certain degree, above which the dye decolorization decreased due to
the fact that the rate of enzyme inactivation became faster
than the enzymatic catalysis rate at high temperature.
100

Decolorization (%)
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6

7

8

9

pH
FIGURE 5 - Effect of pH on decolorization of indigo carmine by crude BOD.

UV-visible spectrophotometric analysis

The ultraviolet and visible absorbance (200-800 nm) of
dye samples was monitored by a UV-VIS spectrophotometer to examine the biodegradation of indigo carmine by
BOD. It had been reported that the treatment of phenols
and aromatic amines by peroxidases and tyrosinases resulted in the formation of large insoluble aggregates [5,
11]. Podgornik et al. [12] found that decolorization of indigo carmine by MnP from Phanerochaete chrysosporium
resulted in a red product formation. However, the decolorization of the dye by BOD appeared without the formation of any precipitate. It suggested that the decolorization of indigo carmine took place via degradation of the
aromatic ring of the compounds, or by cleaving certain
functional groups.
As it can be seen from Fig. 7, two absorption peaks in
UV and visible regions (285 and 610nm) rapidly decreased
as function of time. The disappearance of absorption peak in
visible region was due to the breakdown of the chromophoric group present in the dyes. Diminution of the absorbance peak in UV region was related to the cleavage of
the aromatic group present in the original structure of the
dye [13]. It was also reported by Mielgo et al. [14] that
the remarkable diminution of the Orange II absorbance
peak in UV region could be attributed to the cleavage of the
aromatic group present in the original structure of the dye.
The figure evidently demonstrated decolorization and degradation of indigo carmine by BOD.
It has been documented that BOD and laccase consist
of one type-1 (T1) copper ion, which is presumably the
primary electron acceptor, and three additional copper
types: one type-2 (T2), and two type-3 (T3) copper ions
arranged in a trinuclear cluster. The T2/T3 copper sites are
those where the reduction of molecular oxygen occurs [7,
17]. The BOD may catalyze the oxidation of indigo carmine with the concomitant reduction of oxygen to water
resulting in decolorization and degradation of the dye.
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FIGURE 7 - UV–VIS absorbance spectra of indigo
carmine decolorization by crude BOD (Absorbance spectra
of the reaction mixture were scanned and recorded every 3 min).

FIGURE 6 - Effect of temperature on enzymatic decolorization of the dye by crude BOD.
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CONCLUSIONS
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SUMMARY

sistance and the high cost-benefit ratio of synthetic pesticides

Essential oil vapours from the plant species Origanum
acutidens L. (Lamiaceae) were tested for their toxicities
against the adults of Lasioderma serricorne F. (Coleoptera: Anobiidae) and Sitophilus granarius L. (Coleoptera:
Curculionidae), and third instar larvae of Ephestia kuehniella
Zell. (Lepidoptera: Pyralidae). The amounts of essential oil
applied were 2, 4, 6 and 8 µl in each of the desiccators with
4 L capacity, corresponding to 0.5, 1, 1.5 and 2 µl/L air. The
test essential oil achieved 100% mortality with a dose of
2 µl/L air within 96 h in all life stages tested. In general,
mortality increased with the doses of essential oil and exposure periods. Although the essential oil of O. acutidens
was found to be effective against all test insect species, E.
kuehniella, in general, was more sensitive against the oil
than both S. granarius and L. serricorne in all dose and exposure time variants. The results of the study suggest that
essential oil from this plant has a potential as control agent
against E. kuehniella, L. serricorne and S. granarius under
storage conditions.

KEYWORDS: Essential oil; insecticidal activity; Ephestia kuehniella;
Lasioderma serricorne; Sitophilus granaries.

INTRODUCTION
In stored grains, insect damage may account for 1040% of loss worldwide [1]. Therefore, different synthetic
insecticides have been used for the control of stored-product pests. But the number of confirmed insect species with
resistance against synthetic pesticides has continued to rise,
apart from risks associated with the use of these chemicals
[2-6]. The use of synthetic insecticides in agriculture as a
pest control method, in order to increase yields and protect stored products, may involve serious health hazards for
mammals. These insecticides are often associated with residues that are dangerous for the consumer and the environment [2-6]. In addition, the risk of developing insect re-

pushed the research towards investigating alternative insecticides. Therefore, in the current scenario, there is an urgent need to develop safer, environmentally friendlier and
efficient alternatives that have the potential to replace synthetic pesticides, and are convenient to use [3-6]. Natural
products are well-known to possess a range of biological
properties useful against insect pests [2-6]. The search for
natural compounds with pest-suppressing potential which
poses fewer risks to humans and the environment than existing conventional pesticides has continued [2-6].
In Turkey, aromatic plants are widely distributed and
there is a very rich and diversified flora, famous for nutritional and medicinal characteristics. These plants are used
for the production of cosmetics, perfumes, detergents, as
well as in pharmacology and food flavouring. In addition to
these rapidly evolving traditional sectors, a new industrial
application may develop in the field of plant protection.
Essential oils obtained from plants are under particular
investigation for their broad-spectrum pest control properties. They have been shown to possess insecticidal activity
as vapours [3-9], as contact insecticides [10]), as fumigants
for greenhouse pests [3, 6] and as fumigants for storedproduct pests [6-8, 10-15].
A total of 38 Origanum (Lamiaceae) species have been
described worldwide [16]. More than 75% of the Origanum
species are concentrated in the Eastern Mediterranean subregion [17], and 16 of them are considered as endemic in
Turkey [18]. These species have been used as a traditional
remedy to treat various ailments, such as whooping and
convulsive coughs, digestive disorders and menstrual problems, and they possess antispasmodic, carminative, expectorative, sedative, stimulant, tonic, antimicrobial, insecticidal, and aromatic activities [2, 16, 19-21].
Many Origanum species are of great importance in this
respect owing to their versatile uses as flavoring agents,
fragrances, and therapeutics [6, 20, 21]. Origanum
acutidens L. is an endemic, herbaceous, and perennial
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plant growing mainly in calcareous and non-calcareous
rocks, slopes, and screens (1000-3000 m) in Central Anatolia [21]. As far as our literature survey could ascertain, the
essential oil composition of O. acutidens was reported
previously [21], but no information was available for its
insecticidal potential. Therefore, we report here the insecticidal ac-tivities of essential oils from the herbal parts and
callus cultures of O. acutidens.
O. acutidens is now well established locally, and its
semi-procumbent form is quite different. It has small midgreen leaves on the flowering stems which radiate to about
10 inches, and have delicate mauve flowers peeping from
pale lime green bracts [2, 16, 17]. O. acutidens is with small
tubular pink flowers peeking out from stunning, pendant
pagodas of large and nearly luminous oval-shaped limegreen bracts, and this Turkish cliff dweller is highly ornamental [18]. Deliciously aromatic and used for a herbal
tea in its homeland, the rounded pale-green leaves embrace thin, arching stems in pairs. An arresting small-scale
vignette is created by planting long blooming O. acutidens
amid Thymus ‘Pink Chintz’s fine textured carpet [16-19,
22].
The objective of this study was to assess in more detail the potential of essential oils for control of stored products pests. Storehouses are closed spaces where essential
oil vapours can be applied as fumigants. The toxicity of
essential oil vapours obtained from O. acutidens against
Ephestia kuehniella Zell. (Lepidoptera: Pyralidae), Lasioderma serricorne F. (Coleoptera: Anobiidae) and Sitophilus granarius L. (Coleoptera: Curculionidae) was investigated in the present study.

Anatolia, and maintained in the Department of Plant Protection. S. granarius was reared on wheat, L. serricorne on
tobacco, and E. kuehniella on flour in separate insect cages.
The rearing materials were purchased from a local market
and stored in a freezer at –20 °C. Bioassays were performed
on adults of S. granarius and L. serricorne, and third instar
larvae of E. kuehniella. Insect rearing and all experimental procedures were carried out at 25±1 0C, 64±5 r.h,
and a day-length of 12 h.
Bioassays

To test the toxicity of essential oil vapours against
adults, desiccators with a capacity of 4 L were used as test
chambers. Adults of L. serricorne, S. granarius and third
instar larvae of E. kuehniella with wheat grain, tobacco and
flour, respectively, were placed in Petri dishes, which then
were transferred into the desiccators. Adults of L. serricorne, S. granarius and larvae of E. kuehniella in Petri
dishes were exposed separately to the essential oil vapours
of O. acutidens. Each replicate consisted of 20 insects,
and three replicates were used for each dose and exposure
time combination. The essential oil was applied with an
automatic pipette on a blotting paper strip (6 x 3 cm) attached to the underside of the Petri dishes. Initial tests were
performed to establish appropriate dose and exposure time
ranges. The amounts of essential oils applied were 4, 6 and
8 µl in each desiccator, corresponding to 1, 1.5 and 2 µl/L
air. No material was applied to the control desiccators. Exposure times were 24, 48, 72 and 96 h. Final mortality was
determined 5 days after exposure.
Data analysis

In order to calculate significant differences in toxicity
between doses and exposure times, two-way analysis of
variance (ANOVA) using the SPSS 11.0 software package at P < 0.01 and P < 0.05 levels was carried out.

MATERIAL AND METHODS
Plant material

O. acutidens plants at flowering stage were collected
from various localities of Erzurum province, Turkey in summer 2002. Taxonomic identification was made by botanists
from the Biology Department of Atatürk University (Erzurum, Turkey). The voucher specimens have been deposited at the herbarium of the Department of Plant Protection. Collected plant materials were dried in the shadow,
and leaves were separated from the stem and ground in a
grinder with a 2-mm diameter mesh.
Isolation of essential oil

The air-dried and ground aerial parts of plants were
submitted for 3 h to water-distillation using a Clevengertype apparatus (yield 1.85% v/w). The essential oil (EO)
fraction obtained was dried over anhydrous sodium sulphate and, after filtration, stored at 4 °C until evaluation
and analysis. The isolation was performed twice.
Insect materials

The insect species (S. granarius, L. serricorne and E.
kuehniella) were collected from a storehouse in Eastern

RESULTS
The essential oil vapours of O. acutidens were found
to be toxic against E. kuehniella, L. serricorne and S.
granarius. The statistical analysis of the data showed that
dose x exposure time interactions of the essential oil tested
were significant at P < 0.01 (Table 1).
The essential oil of O. acutidens was toxic for all insect species tested. But, in general, E. kuehniella was more
sensitive against the test essential oil than both S. granarius
and L. serricorne in all dose and exposure time variants
(Table 2, Figure 1).
The essential oil obtained from O. acutidens caused the
highest mortality at a dose of 2 µl/L air, and an exposure
time of 96 h (P < 0.01) in all tested insect species (Figure 1).
In general, mortality increased with increasing doses
of essential oil and exposure times (Figure 1). The mortal-
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ity rates of adults of S. granarius, L. serricorne and third
instar larvae of E. kuehniella at different exposure times
(24, 48, 72 and 96 h) are shown, respectively, in Fig. 1.
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TABLE 1 - The results of ANOVA belonging to dose and time interactions of O. acutidens essential
oil tested against adults of S. granarius and L. serricorne, and third instar larvae of E. kuehniella.
Sitophilus granarius
Df
Mean Sq.
3
12410.243
3
5725.521
9
611.169
32
7.813
48

Source
Dose
Time
DosexTime
Error
Total
**: (p<0.01)

F
1588.511**
732.867**
78.230**

Df
3
3
9
32
48

Ephestia kuehniella
Mean Sq.
F
15868.750
544.071**
3096.528
106.167**
257.639
8.833
29.167

Lasioderma serricorne
Mean Sq.
F
10195.139
932.127**
4642.361
424.444**
385.417
35.238**
10.938

Df
3
3
9
32
48

TABLE 2 - Mean percent mortality of adults of S. granarius and L. serricorne, and
third instar larvae of E. kuehniella exposed to vapours of O. acutidens essential oil.
S. granarius

E. kuehniella

L. serricorne

16.6±1.6
23.3±1.6
50.0±1.6
0.0±1.6
22.5±5.4d**
26.6±1.6
36.6±1.6
78.3±1.6
1.6±1.6
35.8±8.3c
51.6±1.6
73.3±1.6
93.3±1.6
5.0±1.6
55.8±9.9b
83.3±1.6
96.6±1.6
100.0±1.6
8.3±1.6
72.0±11.2a
46.5±5.1

23.3±3.1
56.6±3.1
73.3±3.1
0.0±3.1
38.3±8.6d
40.0±3.1
73.3±3.1
86.6±3.1
3.3±3.1
50.8±9.8c
66.6±3.1
83.3±3.1
100.0±3.1
10.0±3.1
65.0±10.2b
86.6±3.1
96.6±3.1
100.0±3.1
16.6±3.1
75.0±10.3a
57.2±5.1

13.3±1.9
23.3±1.9
45.0±1.9
0.0±1.9
20.4±5.0d
25.0±1.9
40.0±1.9
60.0±1.9
1.6±1.9
31.6±6.5c
43.3±1.9
66.6±1.9
88.3±1.9
5.0±1.9
50.8±9.3b
73.3±1.9
76.6±1.9
100.0±1.9
8.3±1.9
64.5±10.2a
41.8±4.6

Time (h)

Dose (µl/L air)
1
1.5
24
2
Cont.*
Mean ± SE
1
1.5
48
2
Cont.
Mean ± SE
1
1.5
72
2
Cont.
Mean ± SE
1
1.5
96
2
Cont.
Mean ± SE
Grand M.±SE

No material was applied to the controls.
Means within a column followed by the same lower-case letter were not significantly different (P < 0.01).
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FIGURE 1 - Mortality of adults of S. granarius and L. serricorne, and third instar larvae
of E. kuehniella exposed to different doses of the test essential oil at various exposure times.
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DISCUSSION
The development of natural or biological insecticides
will help to decrease the negative effects, such as residues,
resistance and environmental pollution of synthetic insecticides. On the other hand, bio-insecticides may be effective, selective, bio-degradable, associated with little or noresistance of the pest, and non-toxic to environment. In
Turkey, aromatic plants are widely distributed and there is
a very rich and diversified flora, famous for its nutritional
and medicinal characteristics. They are used for the production of cosmetics, perfumes, detergents, as well as in pharmacology and food flavouring. In addition to these rapidly
evolving traditional sectors, a new industrial application
may develop in the field of plant protection. The essential
oil composition of O. acutidens and its microbial toxicity
were reported previously [21, 22], but no information was
available for its insecticidal potential.
The mechanisms of toxic action of essential oils have
not been fully elucidated to date [23]. Studies on the mode
of action of essential oil treatments are of importance in
order to establish the spectrum of activity and to determine
their full commercial potential, thereby providing useful information on the appropriate formulation types [23]. Given
the scant knowledge of the mode of action of individual
essential oils as well as their mixtures, and of the lack of
experimental protocols for these physiological tests, much
more work has yet to be undertaken [23]. Although many
essential oil compounds have been shown to be toxic or
repellent to a range of insects, structure-activity studies in
individual insect species provide few insights into the exact
mode of action of these compounds. Many essential oils
tested are effective without direct contact [24], indicating
that delivery of them to target tissues occurs through a vapor
phase, perhaps through penetration via the respiratory system. It is interesting to note that not all insects are affected
by these terpenoids. For some insect species, they act as
allomones or they mimic insect pheromones representing
semiochemical communication between insect and plant,
where the evolution of chemical and physical defenses
against a diverse insect group by the plant co-evolved with
an ability of some insects to detoxify a wide range of plant
chemicals. Thus, the response to a given compound may be
subject to considerable modification by other factors (both
endogenous as well as exogenous, and there may be various
mechanisms by which the target responses are modulated,
such as the rate of excretion or inactivation of these compounds, changes in the target receptors for these compounds, or interactions with endogenous factors that may
overcome the target responses. In insects, like vertebrates
and other animals, the nerve impulse conducted in the axon
must cross a synapse in order to stimulate another neuron
or an effect or, e.g., the muscle [23]. In the synaptic connection transmission, a chemical which is stored in the
synaptic vesicles, is involved. The transmitter chemical attaches to a receptor site on the postsynaptic membrane,
thereby transferring a nerve impulse across the synaptic gap

[23]. The chemical transmitter may be of several types, but
is usually rapidly hydrolyzed and deactivated by appropriate enzymes. Within the insect systems, these include nervenerve interfaces that are commonly cholinergic utilizing
acetylcholine as neurotransmitter. This type of neurotransmitter is common with the vertebrate systems [23].
In this study, the essential oil obtained from O.
acutidens efficiently killed adults of S. granarius or L.
serricorne, and third instar larvae of E. kuehniella. The
insecticidal ac-tivity increased with increasing doses of the
essential oil tested (Fig. 1, Tables 1 and 2). Previous studies have shown that the toxicity of essential oils from
aromatic plants against insects is related to their main
components, which include γ-terpinene, pulegone, anethole, carvacrol, thymol, cymol, α-terpinene, linalool,
eugenol, methyl eugenol and methyl chavicol [2-5, 8, 16,
19, 20]. However, essential oils are very complex mixtures,
and the synergistic and an-tagonistic effect of one compound in minor and/or major percentages in the mixture
should be taken into account. Chemical composition
studies showed that thujene, α- pinene, camphene, sabinene, α-terpinene, γ-terpinene, p-cymene, carvacrol,
terpinen-4-ol, thymol acetate, thymol and methyl chavicol
are present at high levels in the essential oil of this plant
species tested in this study [16, 19, 22]. Carvacrol
(72.0%), p-cymene (7.5%) and γ-terpinene (5.3%) are the
major components of the essential oil [22]. Essential oils
of Origanum creticum L. and O. majorana (L.) were
studied for their insecticidal effects against Spodoptera
litura F. (Lepidoptera: Noctuidae) and Mayetiola destructor Say (Diptera: Cecidomyiidae), respectively [2]. The
first oil produced >90% larval mortality of S. litura at 24
h [2], the latter was the most toxic to adults of M. destructor [2].
Some compounds, which are aglycones and, therefore,
lipophilic constituents, are not as universal in occurrence in
higher plants as the more polar flavonoid glycosides, which
occur in vacuoles in the plant cells. However, surface flavonoids are common in Lamiaceae species. Their presence
is often correlated with the production of other lipophilic
secondary products, such as essential oil terpenes [25, 26].
These terpene-flavonoid mixtures appear to function as UV
screens, for heat reduction, as antimicrobial agents, or as
insect-feeding deterrents [27, 28]. The antispasmodic, carminative, sedative, stimulant and tonic properties of these
essential oils seem to account for their use in folk medicine.
They are also used as insect repellents, and dried leaves and
flowering tops are used to prepare a sedative 'tea' [29].
Our experiments revealed that a dose of 2 µl/L air of
O. acutidens essential oil caused 100% mortality in all insect species tested after 96-h exposure. The findings indicate that the essential oil from this plant has the potential
for use as a fumigant against stored-product pests. However,
further studies should be carried out to compare the cost and
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efficacy of this essential oil on a wide range of commercial stored-product pests.
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SUMMARY
Origanum onites L. and Thymbra spicata L. were collected in June-July 2004 in Denizli, Western Turkey. Essential oils from the leaves of these plants were extracted
using either Soxhlet or steam distillation. The components
of essential oils were removed from the steam distillate by
C18 solid phase extraction. Chemical compositions of the
essential oils were determined using two-dimensional gas
chromatography (GC-TOF/MS). Portions (1 mL) of aqueous extracts (differing between groups in types of plants
and extraction methods) were given orally to twenty-eight
anesthetized rabbits using feeding tubes, and their electrocardiography (ECG) and spirometric data recorded. The
possible effects of these extracts obtained by using two
different methods were evaluated by statistical analyses. According to the data obtained from the animal experiments,
administration of these plant extracts caused a decrease in
ventilation and heart rate. The common usage of thyme
water in public, and the purposes of consumption were
discussed in terms of public health.

KEYWORDS: Gas chromatography; heart rate; Origanum onites
L; Thymbra spicata L; ventilation frequency.

INTRODUCTION
Various industries are now looking for sources of alternative, more natural and environmentally friendly antimicrobial, antibiotic and crop protection agents. There are
many studies about plant-originating medical drugs used
for different purposes [1-4]. The possibility of utilizing
volatile oils is now being investigated. Although their biological activity has been known for centuries, their mode
of action was not fully understood. Generally, essential oils’
action is the result of the combined effect of both their ac-

tive and inactive compounds. These inactive compounds
might influence resorption, rate of reactions and bioavailability of the active compounds. To add to the complexity
of volatile oils, there is evidence that the time of harvest influences the oil composition and, consequently, the potency
of their biological activity [5]. Other factors, such as genotype, chemotype, geographical origin and environmental as
well as agronomic conditions, can all influence the composition of the final natural product.
The family Labiatae (syn. Lamiaceae) has numerous
species and aromatic plants, such as Thymus, Origanum,
Thymbra, Coridothymus and Satureja. In Turkey, these
plants are collectively known as “thyme” by local people
because of their similar smells. These are perennial and
herbaceous plants native to Europe and the Mediterranean.
Traditionally, thyme is used as a natural remedy for asthma,
indigestion, headache and rheumatism, whereas Origanum
species are used as powerful disinfectants, flavouring
agents, especially in perfumes and scenting soaps [6]. In
Turkey, thyme is boiled and drunk by local people mostly
as herbal tea, and “thyme water” or “thyme oil” are often
used. Essential oils have traditionally been obtained by
distillation. Usually, thyme essential oil is isolated from
the extract, and the water called “thyme water”.
Essential oils are generally obtained from the entire
aerial parts of the plant, and currently being extracted from
natural products either by hydro-distillation or solvent extraction [7]. The essential oils are used extensively in flavouring foods or perfumes, and in pharmaceuticals (having
antiseptic and antifungal properties). Herbs and spices are
important natural antioxidants, and their antioxidant activity has been attributed to the presence of polar phenolic
compounds and essential oils [8]. Tsimidou and Boskou [8]
concluded that among the herbs and spices extensively
studied, the plants obtained from the Lamiaceae (Labiatae)
family possess a significant antioxidant activity. Thyme oils
find wide use in dietary supplementation due to this anti-
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oxidant capacity [9]. Thyme oils also show high antimicrobial effects [10].
Dietary supplementation with thyme oil tended to maintain higher PUFA levels in rat liver, brain, kidney and heart
tissues [11]. Youdim and Deans [11] showed that there
were significant declines in the superoxide dismutase activities in the hearts and livers of old rats, although that of
their kidneys showed no decline. Liver glutathione peroxidase (GSHPx) activity was found to have increased
significantly in old rats, while a significant decrease was
observed in the kidney. Heart GSHPx activity was not
found to differ significantly between young and old rats.
There were also significant declines in the total antioxidant status in each liver, heart and kidney tissue examined.
We aimed to investigate the chemical components of
the two species Origanum onites L. and Thymbra spicata
L., and their possible cardiorespiratorial effects in rabbits.
MATERIALS AND METHODS
Materials

Thymbra spicata L. and Origanum onites L. were collected in June-July 2004 in Denizli, Western Turkey. A
token specimen was deposited in the Faculty of Arts and
Science, Department of Biology at the Pamukkale University in Denizli, Turkey according to the “Flora of Turkey” [12]. The leaves of Thymbra spicata L. and Origanum
onites L. were separated from the branches. Air-drying of
the leaves of both plants was performed in a shady place
at room temperature for 10 days. The air-dried leaves were
stored in polyethylene bags. Undecane (as an internal
standard) was provided by Aldrich (Gillingham, Dorset,
UK). Hexane was provided by Merck (Darmstadt, Germany). ODS-6 (C18) solid phase extraction (SPE) cartridges (500 mg/ unit) were purchased from Whatman
(Clifton, New Jersey, USA). Methanol was provided by
Carlo Erba (Val de Reuil, France).
Extraction

Two different methods were used to obtain the essential oils, steam distillation (SD) and Soxhlet extraction. The
essential oils were prepared from 2 g each of the air-dried
Thymbra spicata L. and Origanum onites L. by SD for 3 h,
or Soxhlet extraction with 50 mL n-hexane for 6 h. The
Soxhlet extracts were evaporated with nitrogen until reaching 0.5 mL in volume, and stored at 0-4 ˚C for subsequent
analysis.
Solid phase extraction (SPE)

Extracts produced by SD cannot be directly analyzed
by chromatography, and needed further extraction. Ozel
et al. [13] used a superheated aqueous extract to obtain
essential oils from Thymbra spicata L. According to this
method, end-capped ODS-6 (C18) SPE cartridges were

used to re-extract the analytes with hexane. The sample was
loaded onto a 0.5 g ODS-6 SPE cartridge, which had previously been washed with 6 mL of 50/50 (v/v) water/ methanol. The flow-rate through the cartridge was 2 mL.min-1.
Then, it was dried completely by means of a vacuum, and
essential oils were eluted with 5 mL of hexane using the
above flow-rate. The collected eluate was concentrated under a nitrogen stream to about 0.5 mL of volume. An appropriate amount of undecane was added into the concentrate
as internal standard. The mixture was directly injected into
the two-dimensional GC-TOF (Time of Flight)/MS.
Chromatographic analysis

Qualification and quantification were carried out using
two-dimensional GC-TOF/MS. The system consisted of
an HP 6890 (Agilent Technologies, Palo Alto, CA, USA)
gas chromatograph, equipped with two electronic pressurecontrolled split/splitless injectors and two columns with independent retention properties. 1 µl of sample was injected
using the splitless method. The first column was a non-polar BP1 (25 m x 0.32 mm i.d., 1 µm film thickness), and the
second column a BP20 (3 m x 0.1 mm i.d., 0.1 µm film
thickness). Both columns were purchased from SGE (Ringwood, Australia). Helium was used as carrier gas. The initial oven temperature was 60 ˚C for 3 min, and subsequently
ramped at 4 ˚C min-1 to 240 ˚C.
The two columns were coupled in an orthogonal manner using a fast switching (less than 80 ms actuation time)
10-port two-position valve with a 10-µl sampling loop.
Eluting analytes from the first column passed through the
sampling loop, which was actuated to produce a pulsed
injection to the second column every 4 s. The flow-rates
through the first and second columns were controlled independently at 4 mL min-1 and 2 mL min-1, respectively. Peak
identification was made using a Pegasus III reflectron timeof-flight mass spectrometer (Leco, Las Vegas, USA) with
electron impact ionization. The mass spectrometer used a
push plate frequency of 5 kHz, with transient spectra averaging to give unit resolved mass spectra between 45 and
350 amu at a rate of 50 spectra/second. The linear response
data from the 2D separation and detection system was transposed at the valve injection frequency (4 s) to give a twodimensional chromatogram, scaled by detector response
intensity. Undecane was used as internal standard for quantification. Percentage of total peak area was used for control purposes.
Animal experiments

Male Lepus europaeus (syn. Lepus capensis, Leporidae) were housed in separate cages with the dimensions
of 22 cm x 32 cm x 50 cm. The air temperature was maintained between 20 and 22 ˚C. Fresh water was available
ad libitum at all times. The rabbits (2 months, 250-350 g)
were divided into four groups (n=7 for each group), and
fed a standard laboratory pellet diet (Abalıoğlu Yem,
Denizli, Turkey). The assays were performed at the Experimental Physiology Laboratory of Pamukkale Univer-
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sity. The records were obtained using a Polygraph System
via a PC (AD Instruments, Australia). This system was
equipped with a bioamplifier (Power Lab/8SP, AD Instruments Dual BIO Amp/Simulator, AD Instruments, Australia) and a spirometer (AD Instruments Spirometer, AD Instruments, Australia). The electrocardiographs were obtained using the bioamplifier, and ventilation records were
obtained using the spirometer. All data were recorded on
the computer using a Chart V4 1.2 programme. Rabbits
were anesthetized using 35 mg/kg ketamine + 5 mg/kg xylazine (Alfasan Int. B.V., Holland), administered intramuscularly. During the experiment increments, 1/5 of the
initial dose of ketamine was injected roughly every hour to
maintain anaesthesia. When the rabbits were anesthetized,
in each a tracheostomy was performed. Cannulas were inserted into the trachea, and respiratory frequency and tidal
volume were measured using the spirometer. The ECG electrodes were placed on the upper and lower extremities, and
the heart-rate was obtained using the bioamplifier. After obtaining the control record, 1 mL of extract (chemical composition determined) was given orally to each anesthetized
rabbit using feeding tubes. The first group received Thymbra spicata L. extract obtained by Soxhlet extraction, the
second one that obtained by SD. Likewise, the third group
received Origanum onites L. Soxhlet extract, and the fourth

that from the same plant, but obtained by SD. It should be
noted that the steam distillate from each of the plants was
100 mL, and this was given straightly to the animals. However, the Soxhlet extracts contained hexane, and so had to
be evaporated with nitrogen and made up to 100 mL with
water, before giving to the animals. ECG and spirometric
data were recorded every 15 min for 120 min. Rabbits were
then sacrificed using high dosages of anesthesia. Tests of
significant differences between the groups were performed
using the Mann-Whitney U-test with the Minitab statistical package. The tests for significant differences between
the groups were performed using the Wilcoxon Paired Two
Sample Test with the SPSS 10.0 statistical package, taking p<0.05 as the limit of significance.
RESULTS
The 4 resulting extracts were directly injected into the
two-dimensional GC-TOF/MS for analysis, and 17 components were identified in the two oil samples from Thymbra
spicata L., but 32 components in those from Origanum
onites L. The identified components and their percentages
are listed in Table 1, in order of their elution from the BP1
and BP20 columns.

TABLE 1 - Percentage composition of the essential oils isolated from leaves, collected
during the flowering stage, from Origanum onites L. and Thymbra spicata L. (nd: not detected).
Components
Essential oil content
Tropilidene
α-Thujene
α-Pinene
Camphene
Sabinen
Myrcene
α-Phellandrene
α-Terpinene
Limonene
p-Cymene
β-Terpinene
o-Cymene
E-3-Caren-2-ol
Eucalyptol
Terpinolene
Undecane
Linalool
Trans-sabinene hydrate
Camphor
Linalyl acetate
Borneol
Terpinen-4-ol
Isoborneol
α-terpineol
Cis-piperitol
1-Carvone
Thymol
Carvacrol
2-Caren-10-al
Carvone
Caryophyllene
α-Bisabolene
Spathulenol
Caryophyllene oxide
Unknown

Soxhlet extraction
of Thymbra spicata L.
3.2
nd
0.15
0.98
0.36
0.23
nd
nd
0.22
0.18
3.69
0.37
nd
8.18
nd
nd
nd
nd
nd
nd
nd
nd
0.45
nd
nd
nd
0.26
1.97
74.47
nd
nd
nd
nd
0.15
0.38
7.96

SD of Thymbra spicata L.
3.4
nd
0.22
1.15
0.25
0.11
nd
nd
0.18
0.15
2.93
0.58
nd
7.51
nd
nd
nd
nd
nd
nd
nd
nd
0.39
nd
nd
nd
0.21
1.24
77.15
nd
nd
0.86
nd
0.37
0.82
5.88
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Soxhlet extraction
of Origanum onites L.
4.0
0.66
nd
0.25
0.30
nd
0.12
nd
0.14
0.28
nd
0.47
0.76
nd
0.21
nd
0.08
1.16
0.60
0.71
0.39
2.52
10.19
0.11
0.81
0.02
0.27
4.23
59.71
8.48
0.29
0.29
0.13
nd
0.05
6.77

SD of Origanum onites L.
3.5
0.81
0.08
0.37
0.29
nd
0.17
0.05
0.26
0.43
nd
0.64
0.84
nd
0.15
0.25
0.11
1.47
0.41
0.55
0.53
2.08
8.89
0.02
0.71
nd
0.34
4.36
62.06
8.31
0.36
0.18
0.15
nd
nd
5.13
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Table 1 shows that carvacrol represents the major constituent of the essential oils of Origanum onites (59.71; 62.06 %)
and Thymbra spicata L. leaves (74.47; 77.15 %). Linalool
(1.16; 1.47 %), borneol (2.52; 2.08 %), terpinen-4-ol
(10.19; 8.89 %), thymol (4.23; 4.36 %), 2-caren-10-al (8.48;
8.31 %) were found also in high levels in the essential oil of
Origanum onites L. leaves. Thymol re-presents only a small
amount of the constituents of the essential oil of Thymbra
spicata L. leaves (1.97; 1.24 %), whereas p-cymene (3.69;
2.93 %) and E-3-caren-2-ol (8.18; 7.51 %) were found in
higher levels than thymol in these leaves.

FREQUENCY

There was a significant difference in the effect on ventilation frequency produced by both Soxhlet and SD extraction of Thymbra spicata L. leaves (p=0.02). There was
also a significant difference in the effects on ventilation
frequency produced by the Soxhlet extracts of Origanum
onites and Thymbra spicata L. leaves (p=0.01). The SD
extract from Origanum onites did not show any significant
effect on either ventilation frequency or heart rate (p>0.05),
when compared with the others.

FREQUENCY

FREQUENCY

FREQUENCY

We investigated the possible effect of these extracts
on heart pulse and ventilation frequency. ECG and spirometric data obtained from physiological experiments were
evaluated statistically. As the experiments were carried out
on different rabbits, heart rate and ventilation frequency
(n=7) were converted to percentages and the control group
accepted as 100 for standardization of the data. These plant
extracts significantly (p<0.05) decreased ventilation frequency and heart rate. Soxhlet extraction of Origanum
onites leaves showed significant effects on heart rate, but
SD of Thymbra spicata L. leaves on ventilation frequency
from 15 min to 105 min (p<0.05), and they lost their ef-

fects at 120 min (p=0.06). SD of Origanum onites L. and
Thymbra spicata L. leaves and Soxhlet extraction of Thymbra spicata L. leaves showed significant effects on heart
rate during the experiments (p<0.05). Soxhlet extraction of
Thymbra spicata L. leaves did not show any significant
effect on ventilation frequency at 15 min (p=0.11), but
from 30-120 min (p<0.05) it did. Soxhlet extraction and SD
of Origanum onites L. leaves did not influence ventilation
frequency significantly (p>0.05), but the first method had
effects at 30 and 105 min, and SD at 75 and 105 min.
Standard deviations of heart-rate and ventilation frequency of the rabbits, after giving the plant extracts, are illustrated in Figure 1.

FIGURE 1
The effects of Soxhlet (a) and SD (b) extracts from Thymbra spicata L. leaves, as well as Soxhlet (c) and SD extracts (d) from Origanum
onites L. leaves on heart-rate and ventilation frequency (*p<0.05 as the limit of significance, according to Wilcoxon Paired Two Sample Test).
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DISCUSSION AND CONCLUSION
Generally, SD or hydrodistillation are used for extraction of plant materials, but Gu and Weng [14] used
Soxhlet extraction for Salvia plebeia R.Br. with ethyl
acetate. Other researchers have used continuous subcritical water extraction (CSWE) [13] for the extraction of
plants’ essential oils. The two methods (SD and Soxhlet
extraction), used in our study to obtain essential oils, were
among the common techniques and the composition of the
essential oils from both species was similar to that of other
studies [13, 15, 16].
Tüylü [16] reported that the essential oil of Origanum
onites L. possessed a hypotensive effect, but its mechanism of action was not investigated. They found that thyme
water decreased the rats’ blood pressure by about 20 mmHg. In our experiments, we found that most of the extracts
decreased the rabbits’ heart-rate and ventilation frequency.
In the cardiovascular system, calcium ion channels were
found to be very important [17]. It has also been found, especially if the L-type calcium ion channels are blocked, that
hypotensive effect occurs and the heart rate decreases [18].
In this study, thymol and carvacrol were found in the essential oils. Tüylü [16] reported that both antagonized the contractions of rat duodenum, which were induced using BaCl2
and acetylcholine. It was reported that thyme water inhibited the acetylcholine-induced contraction of stomach and
ileum, and, furthermore, depended on the dosage. Also, experiments with pure carvacrol showed that it inhibited rats’
ileum contractions significantly [16]. Like in the digestive
system, smooth muscles control the contractions of the
blood vessels. For this reason, carvacrol could cause vasodilatation, thus decreasing heart-rate and ventilation frequency.

Carvacrol was found to be the main component of the
essential oils of Origanum onites L. and Thymbra spicata
L. leaves. The SD and Soxhlet extraction methods used
were compared in terms of quality of the oil and efficiency.
Even low concentrations (0.02 g/mL) in the plant extracts,
obtained by both extraction methods from Thymbra spicata L. and Origanum onites L. leaves, significantly decreased heart pulse and ventilation frequency in rabbits.
Therefore, the same effects may be seen in the human respiratory and cardiovascular systems, since much higher
doses are used by local people against asthma, indigestion,
headache and rheumatism.
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It is possible that some components which were in the
extracts could affect the brain, heart, and ventilation centers. We know that vagal stimulation of the heart’s cholinergic receptors decreases the heart-rate [18]. It is possible that extract ingredients work in this way, to cause a
decrease in heart-rate. When the stimulation reached the
medulla, vagal stimulation affected the heart-rate. When the
vasoconstrictor stimulation increased, the contraction of
arterioles caused blood pressure to be increased. When the
vasomotor stimulation was decreased, vasodilatation occurred, and the blood pressure decreased [18]. Taking this
into consideration, we might assume that the extracts could
have decreased vasomotor stimulation rates, and vasodilatation may have occurred causing the decrease of blood
pressure and heart-rate.
The extract components could also affect the respiratory centers of the brain. Ventral respiration groups have
their own different neuron groups, which control extra inspirations and expirations. The pneumotaxic center helps to
determine the respiration rate and types [17]. Extract components may affect these centers, and ventilation frequency
could have, in turn, decreased.
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EFFECTS OF PERMETHRIN ON THE OVARY
IN Xiphophorus helleri (PISCES POECILIIDAE)
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Marmara University, Science Faculty, Biology Department, 34722 Göztepe, Istanbul, Turkey

SUMMARY
In this study, the effects of permethrin on the ovary of
swordtail fish (Xiphophorus helleri) were determined. The
fish were exposed to 25, 50 and 100 µg/L permethrin during 30 days. No evidence was found for any histopathological effect of permethrin on oogonium development in all
groups. In contrast, 50 and 100 µg/L permethrin inhibited
the vitellogenic, maturing and mature oocytes in ovary
tissue, and 100 µg/L permethrin were more toxic to vitellogenic oocytes than could be explained by an atretic mechanism of the other groups. Permethrin also caused clear behavioral changes in swordtail fish. The significance of these
observations for the application of oocyte dynamics to impact assessment in freshwater environment is discussed.

production is an important aspect of all living organisms
for the survival and continuity of race, the increasing environmental pollution acts as an inhibitor of the gonadal activities in fishes [12, 13]. Also several histological studies
indicated that pyrethroids caused pathological lesions on
different organs of many fishes [8, 9, 14-18]. Studies on gonad organization and oocyte development in freshwater fish
are limited. Therefore, the present study was designed to
determine the sublethal toxicity of permethrin on ovary
structure and development to Xiphophorus helleri, under
laboratory conditions.
MATERIALS AND METHODS

KEYWORDS: Synthetic pyrethroids, permethrin, ovary, oocyte,
Xiphophorus helleri.

INTRODUCTION
The contamination of water resources by a large number of chemicals including insecticides may affect non-target aquatic organisms, especially fish. They can be extremely hazardous to the health of ecosystems, even at very low
concentrations. Synthetic pyrethroids are broad spectrum
insecticides that have been introduced over the past two
decades for agricultural and domestic use. Pyrethroids, including permethrin, have been registered as “priority pollutants” by EPA [1]. Although normally applied to terrestrial systems, permethrin may enter surface waters as a re-sult
of overspray, spills, rain events or direct application for
aquatic insect control [2]. Permethrin is relatively of high
toxicity to fish and amphibians [3-5]. It is more toxic to
fishes at lower temperatures, and appears to be more toxic
to smaller fish than larger ones [6]. Also pyrethroids have
their greater sensitivity in the embryonic stages of fish [7].
However, sublethal effects of pyrethroids to fish include
damage to gills and behavioral changes [3, 8, 9].
Any change of the environment may affect reproductive physiology adversely, as ovaries perform duel function of producing eggs and steroids [10, 11]. Because re-

Permethrin in liquid phase (cis/trans isomers, 1000 µg/
mL in methanol) was purchased from Supelco (USA). A
stock solution of 200 mg/L was prepared in acetone (99.5%
purity, Merck, Darmstadt, Germany). Experimental concentrations were made by dissolving the stock solution in water.
Stock solution was kept in the dark and at 4 °C until use.
For this experiment, 40 adult female swordtail X.
helleri (1.78-2.42 g total body weight and 3.9-4.3 cm total
length) were obtained from a local commercial supplier.
Fish were brought to the laboratory within 20 min in plastic
bags with sufficient air.
Fish were kept in laboratory holding glass aquaria (20 x
30 x 40cm), supplied with aerated, non-chlorinated wellwater at 27.5±5 oC (pH 6.5, dissolved oxygen 7.6 mg/L,
total hardness 160 mg/L). They were fed once daily with
balanced fish food sticks. The bioassay was maintained on
natural photoperiod and whole test solution prepared with
tap water. The fish were acclimated to the laboratory conditions for at least a week, prior to the experiment.
The fish were divided into four groups and placed in
separate aquaria. Three experimental groups, each of 10 fish,
were exposed to sublethal concentrations of permethrin in
water (nominal concentrations of 25, 50 and 100 µg/L, as
Groups I, II and III, respectively). One group of 10 fish was
maintained in pesticide-free water to serve as control. Fish
were exposed to permethrin during 30 days.
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After each exposure, both experimental and control
fish were anesthetized with ice water and sacrificed after
30 days. After anesthetization, fish were measured to total
length, body weight and ovary mass. In the calculation of
Gonadosomatic index (GSI), the following formula was
employed.
GSI (%) Gonad weight (g) / Body weight (g) × 100
Immediately after decapitation, ovaries were removed
and transferred to 10% neutral formalin solution for 24 h
for fixation. The fixed tissues were dehydrated in an ascending series of ethyl alcohol, cleared in xylene and embedded
in paraffin wax. Tissue sections of 5 µm thickness were
stained with PAS technique [19]. Histological preparations
were randomly examined thrice, and results from each observation were then combined for final results.
Histopatological lesions were examined and photographed using an Olympus BH2 microscope with an image
analyzer system (Media Cybernetics, Silver Spring, MD).
The evaluations were made on oogonium, previtellogenic,
vitellogenic, maturing, and mature oocytes as different
phases of development of oocytes.

GSI data were analyzed with SPSS10.0 for Windows
using one-way analyses of variance (ANOVA). KruskalWallis H test was used to compare among the groups, and
Mann-Whitney U test was used to compare inside groups.
Differences between means were determined using Duncan’s multiple range test, in which the significance level
was defined as (p<0.05).
RESULTS
The changes in GSI of experimental fish are presented
in Fig. 1. It was observed that experimental swordtail fish
were affected by permethrin. The control GSI was higher
than the all treated–fish (groups I, II and III). Furthermore,
the fish treated with 100 µg/L permethrin produced lower
GSI values, with respect to control fish. Reduction of GSI
was determined to be significant in group III by following
group II and group I, which were approximately similar
compared to control and between both groups. GSI values
were not statistically different between control group and
groups I, II (P>0.05), but compared to control group and
group III, a statistically significant difference (P<0.05) was
observed (Table 1).

3
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FIGURE 1 - Changes in the gonadosomatic index (GSI) of X. helleri after exposure to different doses (25, 50 and
100 µg/L as group I, II and III, respectively) of permethrin for 30 days. The vertical bars in column indicate SEM.

undulated nuclear membranes had some nucleoli settled
near the nuclear membrane. In mature oocytes, yolk granules and cortical alveoli (8.75 µm in diameter) were contained.

TABLE 1 - Statistical analyses for GSI of
X. helleri exposed to permethrin and control fish.
Groups
Control
Group I (25 µg/L)
Group II (50 µg/L)
Group III (100 µg/L)

N
30
26
26
10

Means and standard errors
2.28±0.52b
2.09±0.33b
2.08±0.33b
0.50±0.37a

No histopathological and behavioral changes were observed in the ovary of control fish. The structural details of
ovary of control fish are shown in Fig. 2. The normal oogonia were small and spherical in shape, and about 0.18 µm
in diameter. Maturing oocytes (2.3 µm in diameter) with

The behavioral changes were observed at each permethrin concentration, especially in group III (100 µg/L). Histopathological results indicated that ovary was affected by
sublethal doses of permethrin as a retrogressive type. The
degree of histopathological lesions at 3 different doses of
permethrin are summarized in Table 2. These results of fish
exposed to different permethrin levels indicated changes,
as compared to controls.

1416

© by PSP Volume 16 – No 11a. 2007

Fresenius Environmental Bulletin

TABLE 2 - Summarized histopathological effects on the ovary of X. helleri exposed to permethrin and control fish.
Concentration
Reduction of
Reduction in numDays
(µg/L)
GSI
ber of oocytes
Control
30
25
30
+
50
30
+
+
100
30
+++
+++
None (-), mild (+), moderate (++) and severe (+++)

Development of interfollicular spaces
+
+
+++

Increase of
connective tissue
+
+
++

Atretic oocytes
+
+++

exposure to the permethrin produced necrosis and fibrosis
in connective tissue and dilation in blood vessels (Fig. 4).

FIGURE 2 - Ovary and oocyte structure of X. helleri in
control fish. Oogonium (O), previtellogenic oocyte (P)
and vitellogenic oocyte (V) are seen in the same section.
FIGURE 4 - Histopathological changes in connective tissue (C)
and blood vessels (arrows) of treated fish (50 µg/L permethrin).

FIGURE 3 - Histological changes in ovary lumen (L) and
interfollicular spaces (I) increased in 100 µg/L treated fish after
30 days. Some holes are determined in peritoneal wall (arrows).

The developments of oogonia and immature oocytes were
not affected by morphological changes, but their percentage
increased after treatment. At the end of 30 days, the peritoneal wall of the ovary was not affected by permethrin in
all concentrations, but there were some holes in group III
(Fig. 3). The ovigerous lamellae were ruptured in permethrin exposure groups (groups I, II and III). The prolonged

FIGURE 5 - Atretic follicle in 100 µg/L-treated
group III (Granulosa cells lyse the vitellogenic follicle).

A greater degree of histopathological changes was
marked in the ovary exposed to 100 µg/L permethrin. After
treatment, death was observed for some of experimental
fish at 96 h. Significant changes were determined in par-
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tial disruption of ovarian follicles and vacuolation in cytoplasm of germinal cells. Necrosis and absorption of yolk
were seen in this group, and atretic oocytes also distinguished widely in group III (Fig. 5).

view of these observations, the use of permethrin needs
attentive manipulation to avoid deleterious effects to the
fish population.

The ovarian follicles were separated due to the loss of
interfollicular connective tissue, and exhibited degenerative
changes in groups II and III. The numbers of mature and
maturing oocytes were reduced, and their yolk vesicles
showed disintegration.
DISCUSSION AND CONCLUSIONS
In this study, we determined that 25, 50 and 100 µg/L
permethrin affected the ovary of X. helleri, and the highest concentration was mostly effective. The observed behavioral changes were typical of neurotoxin toxicity in all
permethrin treated groups [19]. In the ovary tissues of fish
exposed to permethrin, decrease of GSI, significantly severe damage to the peritoneal wall, increase of lumen, reduction diameters of and percentages of various oocytes, increase of atretic follicles, vacuolation of cytoplasm in immature oocytes and disintegration of cortical alveoli, and
yolk globules in mature oocytes were observed. These deleterious effects of pesticides have been reported in earlier
studies, such as higher concentrations of pyrethroids arrested development of eggs and larvae [7], delayed maturity [20], abortion in Gambussia [21], and decrease in the
percentage of different stages of oocytes along with reduction in GSI [22-25]. Ovarian activity was decreased and
oocyte diameters of different fish were affected, when exposed to some chemicals [26, 27]. Similar changes were reported in arsenic exposed Colisa fasciatus [23]. Significant
changes by the chemicals were determined in the connective tissue of ovary [22, 26]. The sublethal Lebaycid concentrations have found atresia in 90% of the treated specimens of Tilapia leucosticte, and the ovary was filled with
atretic follicles [28]. In adult goldfish, high atrazine concentrations, both 100 and 1000 µg/L, induced elevated levels of
atresia in ovaries [29]. In this study, we determined artresia with vitellogenic follicles dramatically in group III.
Similar observations were reported in the ovaries of fish exposed to sublethal concentrations of endosulfan and carbofuran in Colisa [30, 31]. On the other hand, some of experimental fish died at 100 µg/L in this study. GonzalesDoncel et al. [15] previously reported this concentration of
permethrin (100 µg/L) in Medaka embryos as LC50 value
for 96 h [15].
All of histopathologic effects show that the fish in the
ovary tissue can be affected at tissue level by different concentration of permethrin. Our results emphasized that permethrin affects swordtail oocyte development and ovary at
high concentration (100 µg/L). Permethrin, however, is less
effective at low concentrations (25 and 50 µg/L), because it
does not leave residuals, and, therefore, its effect is not
time-dependent during further embryonic development. In
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SUMMARY
The Korbevačka River is located in the south−eastern
part of Serbia. This river is a main recipient of all kinds of
pollutants from the local Pb−Zn mine “Grot”. Determination of the eco-chemical status comprised complete physico−chemical analysis of river water like conductivity, pH,
BOD5, COD including heavy metals, such as: Pb, Zn, Cd,
Cr, Ni, Cu, Hg, As, Fe and Ba. Parallel to these investigations, the analysis of river sediments has been performed.
According to the standard values for physical and
chemical parameters specified by the Council Directive
75/440/EEC that are required of surface waters intended for
the abstraction of drinking water in Member States, the
water in the upper part of the Korbevačka River basin belongs to category A3, mainly because of the elevated values for Cu, Pb and COD.
The analysis of river sediments also showed that the
concentration of Cu, Pb, Cd and Zn are over the values
given by the Interim fresh-water sediment quality guidelines ISQG − Canadian sediment quality guidelines.
The correlation of the obtained results has proven the
connection between the contaminated sediments and polluted water. Although the concentrations of heavy metals in
sediments were quite high, due to neutral or slightly alkaline conditions in river water, the solubility of the mentioned heavy metals was partly prevented.

KEYWORDS: eco-chemical status, Korbevačka River, river water, sediment, heavy metals.

INTRODUCTION
The Korbevačka River with a river basin of 76.72 km2
is a right-side tributary of the South Morava River in the
region of Vranje valley at the south-eastern part of Serbia.
Its upper and middle flow belongs to mountainous region,
while its lower flow belongs to the Vranje valley where the

flow amplitudes are quite high and yearly river deposit
excides 107 000 m3 [1].
Out of three identified pollution sources of the Korbevačka River, namely, pollution originating from agricultural land, municipal wastewaters and industrial
wastewaters from lead-zinc mine “Grot”, the latest is
identified as the main one. Among the various contaminants, heavy metals were of particular concern due to their
environmental persistence, biogeochemical recycling and
ecological risks. Heavy metals in sediments occur in different geochemical forms, having variable mobility,
biological toxicity and chemical behavior [2]. In the
ecologically preserved water systems, metals usually
originate from sediments. Therefore, investigations concerning eco-chemical status of the river were based on
monitoring of chemical composition of water and sediment.
As water parameters temperature, pH, electrical conductivity, dissolved solids, consumption of KMnO4, COD,
BOD5, dissolved oxygen, content of ammonia and phenols,
content of ions (nitrite, nitrate, chloride, sulphate, hydrogen−sulphide, fluoride, cyanide, dissolved orthophosphate),
heavy metals (Fe, Cr, Ni, Cu, Zn, Pb, Hg, Cd, As and Ba),
detergents and mineral oil content were selected.
For sediments, total content and available heavy metals were selected to be main parameters in order to determine their mobility, bioavailability and toxicity.
Eco-chemical status of the Korbevačka River has not
been systematically investigated yet, so the results of our
investigations are mostly required for the purpose of environmental protection and conservation of healthy food
production. Obtained results serve as a good background
for further studies of surrounding aquatic systems.
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MATERIALS AND METHODS

troscopic method (AAS) (AWWA 3111(A-C)) and hydride technique (AAHT) (JUS ISO 11969:2000).

Water and sediment samples of the Korbevačka River
were taken from three carefully selected locations along this
river (Fig. 1). Locations are depicted as waste dump of the
Grot mine – upper flow (1), mouth of the Seleš stream to
the Korbevačka River − middle flow (2), and the Korbevačka River confluence to the South Morava River –
lower flow (3). Sampling was performed quarterly during
2003 – 2006 period.
Water sampling procedure was performed according
to the EPA [3], APHA [4] and ISO standards [5]. Temperature (3.060.30 JUS H.Z.1 106:1970) and pH (ISO
10523:1994) were measured in situ. Electrical conductivity (ISO 7888:1985), dissolved solids (EPA Method 160.2),
KMnO4 consumption (ISO 8467:1993), COD by K2Cr2O7
(JUS ISO 6060:1994), BOD5 (JUS ISO 5815:1994) and
dissolved oxygen (JUS ISO 5813:1994) were measured as
well. Ammonia and anions were measured applying
standard analytical methods (AWWA 4500), as well as
phenols (JUS ISO 6439:1997), detergents (ISO 78751:1984) and mineral oil content (ISO TR 11046:1994),
while heavy metals (Fe, Mn, Cr, Pb, Cd, Ni, Cu, Zn, Ba,
Hg and As) were determined by atomic absorption spec-

The composite samples of the river sediments were
collected at the same places where the water was sampled.
Samples I1 & II1 were taken from the sampling location (1),
samples I3 & II3 were taken from the sampling location (3),
while samples I2 & II2 were taken in the region of the sampling location (2), but from the locations where the river
flow was peaceful.
After sampling, sediments were, in the laboratory,
dried, ground, sieved (<2mm), shortened and prepared for
analysis. For sediment analysis on heavy metals, the samples were extracted in two stages: (1) extraction of 5g of
sample with 100 ml 0.1M HCl for 1h at 25 oC for available heavy metals, and (2) extraction of 5g of sample with
20 ml conc. HNO3 for 2 h and further treatment with 3 ml
30% H2O2 at 80 oC for 30 min, for total metal content.
After extraction, the solution was filtered (Whatman No.
40) in order to be separated from the sediment. Metal content was determined by AAS (Perkin Elmer 1100 B). Using
elemental analysis, the ashes content was determined (Elemental Analyzer Vario III).
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FIGURE 1 - Locations of water and sediment sampling.
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RESULTS

Water

Since the results of investigations were numerous, it
was decided that only relevant results should be presented
in this paper and only minimum, maximum and median
values of the corresponding data sets (Table 1). Although
arithmetic mean, geometric mean, median and standard
deviation values are common statistical values to describe
large data sets, in our case only median values are reasonably considered from statistical point of view [10]. Arithmetic mean value and standard deviation value are statistical
parameters, relevant only for analytical measurement sets
with normal (Gaussian) distribution. Since all our measurement sets have skewed distributions, median values are
the only remaining statistical parameters that give meaningful average concentrations, appropriate for the data sets as
used.

Mine and flotation facilities Grot started to work in
1974, and since then 4,600,000 t of Pb-Zn ore was excavated with average content of Pb-4.34%, Zn-4.45%, Cu0.15%, Cd-0.032% and Ag-17.7 g t-1. The chemical analysis of the ore representative samples showed that SiO2 and
Al2O3 content was approximately 62%, sulphide minerals
nearly 17%, iron oxides approximately 11%, and carbonates some 10%. Among sulphide minerals, the most
abundant were sphalerite 7%, pyrite 5%, galena 4%, sulphides of Cu, As, Sb, Cr, and other metals up to 1% [6].
Metal-rich wastes resulting from the mining and flotation activities are one of the most important potential
hazards to the environmental quality [7, 8]. Generally, soils
and waters of mining area show high contents of toxic metals as arsenic, lead, cadmium, etc. [9], therefore, the ecochemical status of the Korbevačka River is of great importance for south-eastern region of Serbia.

In Table 2, the results of anion content are presented,
but in Table 3 that of the cations.

TABLE 1 - Physico-chemical parameters of water samples from the Korbevačka River.
Parameters

Dissolved
Consumption
COD
solids
of KMnO4
(mgO2L-1)
Value
(mg/kg)
(mg/kg)
The Korbevačka River, the upper part of the river basin − sampling location No 1.
min
6.9
158
104
3.72
8.80
max
7.7
838
727
18.70
528
median
7.2
423
351
9.92
35.2
The Korbevačka River, the middle part of the river basin − sampling location No 2.
7.1
79
102
5.89
8.80
min
max
7.4
250
208
14.57
52.8
median
7.3
156
132
10.74
17.6
The Korbevačka River, the lower part of the river basin − sampling location No 3.
7.2
25
75
5.27
17.60
min
max
7.6
292
866
17.57
35.2
median
7.35
138.5
117
10.76
28
Council Directive 75/440/EEC concerning the quality required of surface water. for category A2
Interval
1000 G
5.5 − 9G
<30 G
G = guide
pH

Conductivity
(µScm-1)

BOD5
(mgO2 L-1)

O2
(mg/kg)

NH4
(mg/kg)

0.80
20
4.70

7.95
13.09
10.54

<DL
1.95
1.100

1.00
13.8
3.36

10.41
13.21
12.1

<DL
0.45
0.025

1.04
5.6
3.865

10.12
13.36
12.43

<DL
0.45
0.025

<5 G

+

1G

TABLE 2 - The concentration of anions in the sample water from the Korbevačka River.
Parameters

NO3
(mg/kg)
−

NO2
(mg/kg)
−

Cl
(mg/kg)
−

SO42
(mg/kg)
−

S2
(mg/kg)
−

F
(mg/kg)
−

Value
The Korbevačka Rive, the upper part of the river basin − sampling location No 1.
min
<DL
<DL
4
37.35
<DL
<DL
max
4
0.084
18
384
0.087
8
median
1
0.018
8
80
0.150
<DL
The Korbevačka Rive, the middle part of the river basin − sampling location No 2.
4
23.70
min
<DL
<DL
<DL
<DL
max
0.9
18
71.7
0.025
0.260
<DL
median
0.2
6
36.18
0.105
<DL
<DL
The Korbevačka River, the lower part of the river basin − sampling location No 3.
4
33.30
min
<DL
<DL
<DL
<DL
max
2
0.014
16
106.9
0.025
0.410
median
0.2
7
43.22
0.0085
0.135
<DL
Council Directive 75/440/EEC concerning the quality required of surface water. for category A2
Interval
50(I.O)
200(G)
150(G.I)
0.7-1.7(G)
G = guide; I = mandatory; O = exceptional climatic or geographical conditions
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CN
(mg/kg)

Dissolve
orthophosphate
(mg/kg)

Detergents
(diss.anionic)
(mg/kg)

<DL
0.259
<DL

<DL
0.76
0.15

<DL
0.6
0.15

<DL
0.029
<DL

<DL
0.22
<DL

<DL
0.18
0.045

<DL
0.015
<DL

<DL
<DL
<DL

<DL
0.18
0.065

0.05(I)

0.7(G)

0.2(G)

−
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TABLE 3 - The concentration of cations in the sample water from the Korbevačka River.
Parameters
Value

Fe
(mg/kg)

Total Cr
(mg/kg)

Ni
(mg/kg)

Cu
(mg/kg)

Zn
(mg/kg)

Pb
(mg/kg)

Hg
(mg/kg)

Cd
(mg/kg)

The Korbevačka River, the upper part of the river basin − sampling location No 1.
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.365
0.227
4.97
5.63
0.41
0.003
<DL
0.105
0.612
0.069
<DL
<DL
<DL
<DL
The Korbevačka River, the middle part of the river basin − sampling location No 2.
0.290
0.074
0.014
min
<DL
<DL
<DL
<DL
<DL
max
3.906
0.122
0.091
0.257
1.605
0.23
<DL
<DL
median
0.5785
0.0235
0.0145
0.146
0.0635
<DL
<DL
<DL
The Korbevačka River, the lower part of the river basin − sampling location No 3.
0.111
0.075
min
<DL
<DL
<DL
<DL
<DL
<DL
max
1.662
0.162
0.09
0.15
0.549
0.18
<DL
<DL
median
0.4375
0.0265
0.0125
0.1315
0.0455
<DL
<DL
<DL
Council Directive 75/440/EEC concerning the quality required of surface water. for category A2
Limit
1(G)
0.05(I)
0.05(G)
1(G)
0.05(I)
0.0005(G)
0.001(G)
G = guide; I = mandatory
min
max
median

0.200
9.594
0.942

As
(mg/kg)

Ba
(mg/kg)

<DL
<DL
<DL

<DL
<DL
<DL

<DL
<DL
<DL

<DL
<DL
<DL

<DL
<DL
<DL

<DL
<DL
<DL

0.05(I)

1(I)

TABLE 4 - The concentration of heavy metals in sediment samples (metals were extracted by 0.1 HCl).
Fe
Mn
Cr
Ni
Cu
Zn
Pb
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
The Korbevačka River, the upper part of the river basin
I1
6488.3
4136.9
5.0
9.1
681.2
1263.1
3475.5
II1
8504.3
2891.9
14.1
5.5
151.0
775.5
3214.3
The Korbevačka River, the middle part of the river basin
I2
1367.9
789.6
1.2
3.9
54.8
371.2
615.3
II2
2699.7
949.8
3.2
4.7
61.2
461.8
658.2
The Korbevačka River, the lower part of the river basin
I3
3001.0
416.1
4.4
6.2
30.8
314.1
400.1
II3
3452.3
824.5
5.7
3.9
57.9
566.6
710.8
Interim fresh water sediment quality guidelines. ISQG− Canadian sediment quality guidelines. 2002.
GV
37.3
35.7
123.0
35.0
GV = Guideline value
Sample

Hg
(mg/kg)

Cd
(mg/kg)

As
(mg/kg)

Ba
(mg/kg)

2.7
8.3

4.8
3.5

55.6
16.1

31.8
<DL

2.8
2.7

1.2
1.8

20.6
22.0

20.5
24.3

4.1
<DL

1.4
2.2

23.9
25.9

32.0
36.5

170.0

0.6

5900

TABLE 5 - The concentration of heavy metals in sediment samples (metals were extracted by concentrated HNO3 and 30 % H2O2).
Fe
Mn
Cr
Ni
Cu
Zn
Pb
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
The Korbevačka River, the upper part of the river basin
I1
26070.4
6035.6
25.2
40.4
859.9
3094.5
4340.0
II1
32244.8
5419.8
34.9
25.8
375.9
1894.0
7620.7
The Korbevačka River, the middle part of the river basin
I2
8565.6
1187.5
8.5
8.7
60.9
468.4
621.7
II2
11506.1
1396.9
10.7
11.8
85.7
954.3
862.9
The Korbevačka River, the lower part of the river basin
I3
9449.3
684.3
10.5
10.7
48.9
561.0
596.8
II3
12297.0
1157.1
15.4
13.4
84.9
951.6
719.4
Interim fresh water sediment quality guidelines. ISQG− Canadian sediment quality guidelines. 2002.
GV
37.3
35.7
123.0
35.0
GV = Guideline value
Sample

Hg
(mg/kg)
60.0
35.7

Cd
(mg/kg)
13.9
7.9

As
(mg/kg)
238.6
229.2

Ba
(mg/kg)
32.3
28.4

4.2
1.4

1.7
3.9

234.3
258.2

33.2
24.4

8.0
5.5

2.2
3.7

230.3
229.5

47.7
69.9

170.0

0.6

5900

DISCUSSION AND CONCLUSIONS

Sediments

The metal content of river sediments is presented in
Tables 4 and 5, with the results splitted with respect to the
extraction method and sampling locations.

The Korbevačka River has a pH value near natural to
slightly alkaline (7.20–7.35, Table 1) which was the usual
range in river waters. Values for electrical conductivity differ from 138.5 to 423 µScm-1 (Table 1), but still this variations fall within the boundaries for river water of category
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A2 specified by the Council Directive 75/440/EEC [11].
Results for suspended matter were the highest for the sampling location (1) – at the spot of pollution source, and the
lowest for the sampling location (3) downstream. The concentration of the total dissolved solids reveals the same
trend (from 117-351 mg/kg, Table 1). These changes were
expected.
The presence of anions in the Korbevačka River (Table 2) reveals domination of sulphates, and that is acceptable for surface waters [12]. However, the concentration of sulphates were over that allowed and reaching a
level of 384 mg/kg (Table 2) at sampling location (1),
due to the vicinity of Grot flotation facilities and waste
dump where sulphides are very quickly oxidized to sulphates in the oxidizing environments. Since for flotation
process cyanides were required, the concentration of
cyanides go over A2 category values [11] reaching 0.05
mg/kg at the same sampling location. The flotation process
also increases the content of orthophosphates and detergents, up to 0.76 mg/kg and 0.6 mg/kg, respectively (Table 2). The concentrations of other anions remain within
the range characteristically for category A2, given by the
Council Directive 75/440/EEC [11].

For following metals, Fe, Cr, Ni, Cu, Zn, Pb, Hg, Cd,
As and Ba (Table 3), which were determined in the Korbevačka River, Hg, As and Ba remained within the acceptable boundaries for category A2 [11,] independently
of place and time of sampling. Cations tightly related to
Grot ore, like Pb, Zn, Cu, Cd, Ni, Cr and Fe, were found
in river water, while some of them had concentrations
higher than allowed. The same behavior shows Fe, Cr and
Zn. Only Zn, at the mouth of the Korbevačka River, is
falling below the allowed value of 1 mg/kg for category
A2 [11]. The concentrations of Ni, Cu and Pb constantly
decrease along river flow, but at river-mouth Cu and Pb
still remain over the allowed values for category A2.
In Table 4, one can find average values for sediment
composite samples treated with 0.1 M HCl for decomposition of carbonates and bicarbonates. This has revealed that
Cu, Pb, Zn and Cd contents were higher than Canadian
sediment quality guidelines [13]. These cations originate
directly from the mine and flotation dump. At the same
time, the concentration of these elements is elevated in river
water, except for Cd. Decrease of their content in sediments
along river flow is followed by a decrease of the same
elements' contents in river water. Cadmium, due to its low

a) Relation between available and total metals (%):
I1 − 34.24; II1 − 43.76; I2 − 74.10; II2 − 47.15; I3 − 63.93; II3 − 60.27.

c) Relation between available and total metals (%):
I1 − 40.82; II1 − 40.95; I2 − 79.25; II2 − 48.39; I3 − 55.99; II3 − 59.54.

b) Relation between available and total metals (%):
I1 − 80.08; II1 − 42.18; I2 − 98.96; II2 − 76.28; I3 − 67.05; II3 − 98.80.

d) Relation between available and total metals (%):
I1 − 79.49; II1 − 40.17; I2 − 89.87; II2 − 71.38; I3 − 62.95; II3 − 68.19.

FIGURE 2 - Heavy metal concentrations in river sediments: a) Cd; b) Pb; c) Zn, and d) Cu.
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solubility, was found not to be problematic in river water,
but was present in elevated concentrations in sediments.
Chromium most probably originates from Grot ore [6] and,
therefore, it appears in water during flotation campaigns
(Table 3).

[6]

Arsenijević M. (1969) Prateći mikroelementi u galenitnim i
nekim drugim mineralima Pb-Zn ležišta Sase (Osogovo). Radovi Geoinstituta, knjiga 27, Beograd, 101-120.

[7]

Fergusson J. E. (1990) The Heavy Elements: Chemistry, Environmental Impact and Health Effects. Pergamon Press, Oxford.

In Table 5, one can find data on sediment metal content (average values for sediment composite) bound to Fe,
Mn oxides, and organic substances [14]. At the same time,
these results are assumed as total metal content in sediments. Since the organic content is quite low in sediment
samples (I1 – 6.75%; II1 – 8.16%; I2 – 3.41%; II2 – 4.16%;
I3 – 2.58%; II3 – 3.67%), it was concluded on the basis of
elemental analysis that most of the metals were extracted
with conc. HNO3 and 30% H2O2 from inorganic sediment
fractions. Hg and As are below guideline concentrations
for river sediment, while Fe, Mn, Ni and Ba attain border
values according to Canadian sediment quality guidelines
[13]. Metals that are related to Grot mine and ore Zn, Pb,
Cu and Cd, have the concentrations which are much higher
than foreseen in guideline document.

[8]

Larsen T. S., Kristensen J. A., Asmund G., Bjerregaard P.
(2001) Lead and zinc in sediments and biota from Maarmorilik, West Greenland: an assessment of the environmental impact of mining wastes on an Arctic fjord system. Environmental Pollution 114, 275-283.

[9]

Alloway B. J. (1995) Heavy Metals in Soils. Blackie Academic, London.

Correlation of the concentrations of available metals
and total metal content for those elements, which exceed the
Canadian guidelines [13] (Fig. 2), shows that Cu, Pb, Zn
and Cd originate from anthropogenic sources – mine and
flotation facilities. At the same time, this fact shows that the
mentioned cations were not built-in in the crystal matrix of
the river sediments. Although the concentrations of heavy
metals in sediment were quite high, due to neutral or
slightly alkaline conditions in river water, the solubility of
the mentioned heavy metals was partly prevented [15]. In
case any current equilibrium condition (pH, redox potential) changes, these sediments could become an additional
source of metals [16-17] for the Korbevačka River.

ACKGNOWLEDGEMENT
The authors would like to thank The Ministry of Science and Environmental Protection, Republic of Serbia, for
research grant that was partly used for our investigations.

[10] Dixon W. J., Massey F. J. (1983) Introduction to statistical
analysis. 4th ed.,. McGraw-Hill, New York.
[11] EEC (1975) Council Directive 75/440/EEC of 16 June 1975
concerning the quality required of surface water intended for
the abstraction of drinking water in Member States (OJ L
194, 25.7.75, p. 26).
[12] Markert B., Pedrozo F., Geller W., Friese K., Korhammer S.,
Bafficob G., Diaz M. and Wolfl S. (1997) A contribution to
the study of the heavy-metal and nutritional element status of
some southern Andes of Patagonia (Argentina). Sci. Total
Environ., 206, 1, 1-15.
[13] ISQG (2002) Interim fresh water sediment quality guidelines.
Canadian sediment quality guidelines, Environment Canada
[EC].
[14] Tessier A., Campbell P. G. C., Bisson M. (1979) Sequential
Extraction Procedure for the Speciation of Particulate Trace
Metals. Analytical Chemistry 51, 844-851.
[15] Brookins D.G. (1988) Eh-pH Diagrams for Geochemistry.
Springer-Verlag, Berlin, Heidelberg, New York, London, Paris,
Tokyo.
[16] Förstner U. (1989) Contamined sediments. In: Bhattacharji
S., Friedman G.M., Neugebauer H.J. and Seilacher A. (eds).
Lecture note in earth sciences. 21 Springer-Verlag, Berlin, 175.
[17] Zoumis T., Schmidt A., Grigorova L. and Calmano W.
(2001) Contaminants in sediment: remobilization and demobilization. Sci. Total. Environ. 266, 195-202.

Received: February 23, 2007
Accepted: April 23, 2007

REFERENCES
[1]

Gavrilović S. (1972) Inženjering o bujičnim tokovima i eroziji. Časopis “Izgradnja”, Beograd, 105-121.

[2]

Salomons W., Foerstner U. (1984) Metals in the Hydrocycle.
Springer, New York, pp. 350.

[3]

EPA (1983) Methods for Chemical Analysis of Water and
Wastes. EPA/600/4-79/020.

[4]

APHA-AWWA-WEF (1998) Standard Methods for the Examination Water and Wastewater. 20th Edition.

[5]

ISO 5667-3 (1995) Water quality – Sampling-Part 3: Guidance on the preservation and handling of samples.

1427

CORRESPONDING AUTHOR
Ljiljana Đorđević
Technical-Technological College
Filipa Filipovića 20
17 500 Vranje
SERBIA
E-mail: olgacvet@chem.bg.ac.yu
FEB/ Vol 16/ No 11a/ 2007 – pages 1412 - 1417

© by PSP Volume 16 – No 11a. 2007

FEB

Fresenius Environmental Bulletin

Press Releases

35th International Symposium
on Environmental Analytical Chemistry
ISEAC 35
Gdansk, Poland, June, 22-26, 2008

X Symposium
Series: Trace Elements in Environment
Trace Elements in the Food Chain
Koszalin, Poland, May 11 to 13, 2008
The X Symposium Trace Elements in the Food
Chain, which is to be held from May 11 to 13, 2008 in
Koszalin, Poland, is organized by the Commission of Analysis for Agriculture of the Polish Academy of Sciences, the
Committee of Analytical Chemistry of the Polish Academy
of Sciences, Technical University in Koszalin and a few
Polish Scientific Institutes. The language of the symposium will be Polish and English.
Trace elements in the environment, including the food
chain, significantly influence the ecological balance and
human health. A lot of information on both hazardous and
deficient quantities of many elements in the environment
and food has already been gathered. Completing the data,
discussing and comparing them with those from other countries will be a valuable contribution to the assessment of
the quality of the Polish environment.
The Organizing Committee is waiting for the registration card fulfilled and a two pages summary to be published in a book of abstracts till the end of January 2008.
There will be also a possibility to publish the paper in a
scientific journal under the conditions set by the editorial
board – details of the consultations in the matter will be
passed to you later.

Organized by the “International Association of Environmental Analytical Chemistry” in cooperation with
the Chemical Faculty of Gdañsk University of Technology
and Committee on Analytical Chemistry of the Polish
Academy of Sciences.
Aims and scope

The ISEAC 35 is organized by the International
Association of Environmental Analytical Chemistry
(IAEAC), the Committee on Analytical Chemistry of the
Polish Academy of Science (PAS), and the Chemical
Faculty of Gdañsk University of Technology (GUT).
This joint venture aims at bringing together a broad range
of scientists who develop and apply analytical techniques
to investigate the impact of man’s activities on different
environmental compartments. Developments in this field
of research will be illustrated through lectures, posters and
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together with novel applications of protocols.
The Symposium will include a number of invited lectures treating frontier topics of environmental analytical
chemistry, such as:
-

Miniaturized spectroscopic tools for environmental
survey analysis,

-

Remote sensing in marine research,

-

Xenobiotics in natural waters,

-

Sampling and sample handling for environmental analysis.
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