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PHENOTYPIC AND MOLECULAR CHARACTERIZATION
OF LUMINOUS BACTERIA ISOLATED FROM IZMIR GULF
IN TURKEY: Vibrio harveyi TEM O5 AND TEM S1 STRAINS
Esra Ersoy Omeroglu1, Ismail Karaboz1, Atakan Sukatar2, Atac Uzel1*, Murat Sayan3 and Tamer Sanlidag4
1

Ege University, Faculty of Science, Department of Biology, Basic and Industrial Microbiology Section, 35100 Bornova-Izmir, Turkey
2
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ABSTRACT
Luminous bacteria were isolated from invertebrates
and coastal seawater samples in the summer season 2004,
from Izmir Gulf in Turkey. The seawater samples were concentrated by using 0.22-µ pore-sized nitrocellulose membrane filters. The concentrated seawater samples and intestinal contents of Holothuria tubulosa were inoculated on
Seawater Complete (SWC) and BOSS media. The agar
plates were incubated at 25 °C for 48 h. After incubation,
bioluminescent bacteria were isolated in a dark room, then
purified and stored on a suitable medium. Bioluminescent
isolates were identified with a polyphasic approach by using
morphological, cultural, biochemical and molecular characteristics, in addition to 16SrDNA sequencing. Finally,
the bioluminescent marine bacteria isolated from intestinal
contents of H. tubulosa and seawater samples were identified as Vibrio harveyi TEM S1 and TEM O5 strains, respectively.

Members of the genus Vibrio are common in marine
environments. Free-living and symbiotic-living Vibrio species could be isolated from seawaters, fishes and invertebrates [1, 3, 4].
Identification of luminous isolates was based on a traditionally phenotypic approach in the past, but molecular
techniques were also used recently [1, 2, 4-6]. Caccamo et
al. [7] also reported a polyphasic approach to characterize
marine luminous bacteria.
In this paper, we report on the polyphasic identification and characterization of two luminous Vibrio harveyi
strains isolated from intestinal contents of Holothuria
tubulosa and coastal seawaters of Izmir Gulf in Turkey.

MATERIALS AND METHODS
KEYWORDS: Bioluminescence, luminous bacteria, Vibrio harveyi, 16SrDNA sequencing, Izmir Gulf.

INTRODUCTION
The marine luminous bacteria are microorganisms of
great interest because of their ability to emit visible light,
and their ubiquity in the marine environment as planktonic
or free-living, saprophytic, light organ- and gut-symbiotic
ones[1-4].
Marine luminous bacteria species known thus far are
representatives of the genera Vibrio and Photobacterium
(Vibrionaceae) and Shewanella (Alteromonadaceae), within the subdivision of the γ-Proteobacteria [1, 4].

Sample collection and isolation of bacteria

1 L seawater was collected from coastal waters of Izmir Gulf (0-20 m depth; 38o25.78ʹ′ N, 27o 08.05ʹ′E and
38o22.06ʹ′N, 29o49.78ʹ′E). Invertebrate samples were obtained
from intestinal contents of H. tubulosa. The seawater sample was filtered by using 0.22-µ pore size nitrocellulose
membrane filters, and then the filters were placed on SWC
medium (containing (g/L): peptone 5.0, yeast extract 3.0,
glycerol 3.0, agar 15.0, CaCO3 1.0), prepared with natural
seawater diluted to 70% or 75% with distilled water to
minimize precipitation, and BOSS medium (containing
(g/L): NaCl 30.0, glycerol 1.0, peptone 10.0, beef extract
3.0 and agar 15.0 with final pH 7.3) [1, 8]. The intestinal
contents of H. tubulosa were obtained by aseptic techniques [1], and swap samples were streaked onto the same
media.
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Microscopy

The morphologies and gram-reactions of the isolates
were determined by light microscopy [9, 10]. Determination of the dimensions of the cells was performed by negative-staining as described by Atlas et al. [10]. In addition, flagellum-staining and PHB-staining were carried
out [9, 10].
Phenotypic characterization

The isolates were examined for morphological, cultural, biochemical and physiological characteristics according to Sneath et al. [4]. Enzymatic activities and carbohydrate fermentations were tested traditionally, and by using
the miniaturized kits API 20E and API 20NE (Biomerieux).
Gas from glucose was detected in Yeast Extract Broth. The
ability to grow at 4, 20, 30, 35 and 40 °C was determined
in SWC agar. Carbon utilization as sole or principal source
of carbon and energy was determined in Basal Medium Agar
(Tris aminomethane, 6.1-12.1g; NH4Cl, 1.0g; K2HPO4.3H2O,
0.075g; FeSO4.7H2O, 0.028g; agar, 15.0g; distilled water,
1000 ml; pH 7.5), by adding each time different carbon
sources at 2 g/L concentrations [4].

conditions for 16S rDNA reactions were 1 cycle of denaturation for 5 min at 94 °C; 30 amplification cycles
consisting of denaturation (94 °C for 30 s), primer annealing (49 °C for 30 s), primer extension (72 °C for 90
s), and a final extension of 7 min at 72 °C.
16S rDNA amplicons of TEM O5 and TEM S1 were
bidirectionally sequenced on an ABI 3100 automated sequencer (Applied Biosystems, Foster City, Calif.). Cycle
sequencing conditions for all reactions involved 40-60 ng
of template DNA, 3.2 pmol of primer, 4 µl of Big Dye
(Applied Biosystems), and water to a final volume of 20 µl.
16S rDNA reactions were primed with primers FC27 (5’AGAGTTTGATCCTGGCTCAG-3) and RC1492 (5’TACGGCTACCTTGTTACGACTT-3’). The following internal primers were used to ensure overlapping sequences
for analysis of 16S rDNA sequences: F514 (5’GTGCCAGCAGCCGCGGTAA-3’) and F1114 (5’GCAACGAGCGCAACCC-3) and the reverse primers
R530 (5’-CCGCGGCTGCTGGCACGTA-3’) and R936
(5’-GTGCGGGCCCCCGTCAATT-3’).
RESULTS

Emission spectra measurements

Emission spectra of the isolates were measured by using a Bausch and Lomb f/ 4.5 Spectrometer.
DNA extraction

High-molecular weight genomic DNA was purified
from isolates grown on SWC agar plates using the guanidium thiocyanate method described by Pitcher et al. [11].
Briefly, bacterial cells (25–50 µl pellet volume in a microcentrifuge tube) cultured on a SWC agar were treated with
100 µl of a solution of lysosyme (2 mg/ml in sucrose 25%,
50 mM Tris/HCl, pH 8.0). After incubation for 10 min at
20 °C, cells were dissolved by addition of 200 µl of 5 M
guanidine isothiocyanate, 0.1 M EDTA, pH 7.0, and 150 µl
of ammonium acetate was added to the clarified solution.
The lysate was emulsified with an equal volume of chloroform:isoamyl alcohol (24:1, v/v), and the phases were
separated by centrifugation at 10,000 g for 2 min. The aqueous phase was then transferred to an Eppendorf tube, and
the DNA was precipitated by addition of 0.54 volumes of
propan-2-ol, collected by centrifugation, and washed twice
in 70% (v/v) ethanol. The final pellet was vacuum-dried and
resuspended in TE buffer (10 mM Tris/HCl, pH 8.0, 1 mM
EDTA). The genomic DNA was quantified and assessed for
integrity by agarose gel electrophoresis.
Sequencing of 16S rDNA and phylogenetic tree construction

All PCR reactions were performed with a Gene Amp
PCR system (Applied Biosystems). PCRs were performed
in 50-µl mixtures containing (concentrations are final) 1x
PCR buffer, 1.5 mM MgCl2, 200 µM (each) deoxynucleoside triphosphate, 1 µM (each) primer, 1.25 U of Taq polymerase, and 50-500 ng of genomic DNA template. PCR
®

SWC medium was found to be more reliable for isolating luminous bacteria than BOSS medium. The luminous colonies were more bright and remarkable in SWC
medium and, therefore, this medium was used for subculturing, DNA isolation and maintenance of the isolates. All
strains consisted of motile, rod-shaped Gram-negative cells,
1.5-2.5 µ long and 0.6-0.8 µm wide. After one-night incubation, entire cells appeared refractive because of PHB
(polyhydroxybutyrate) accumulation. Characteristics of V.
harveyi TEM O5 and TEM S1 strains are shown in Tables 1
and 2. These isolates are facultative anaerobic chemoorganotrophs having both respiratory and fermentative types
of metabolism. Cytochrome oxidase is positive. Acids are
produced from D-glucose, but gas is not produced. Nitrate
is reduced to nitrite. The following compounds were utilized as sole carbon and energy sources: D-glucose, Dmannose, D-galactose, glycerol, maltose, cellobiose, acetate, pyruvate and mannitol, whereas D-xylose, N-acetylglucosamine, L-arabinose, L-serine, and DL-alanine were
not utilized.
Maximum emission was determined at λmax= 475 nm, for
both Vibrio harveyi isolates, TEM O5 and TEM S1.
Sequence files in Abi format were transformed to Fasta
format by using Chromas Pro v1.22 (Technelysium Pty
Ltd.). Nucleotide sequences of several taxonomic species
were downloaded from NCBI Gene Bank. Bio Edit sequence alignment editor v7.0.1 (Isis Pharmaceutical Inc.)
was used for Multiple Sequence Alignments [12]. Maximum sequence differences were set as 0.75, and neighbour
joining tree method was used with Mega v2.1 for phylogenetic tree constructions [13]. The phylogenetic trees for
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TABLE 2 - Carbon utilization of luminous strains

Vibrio harveyi TEM O5 and TEM S1 are shown in Figures 1 and 2, respectively.

Characteristics
TABLE 1 - Characteristics of luminous strains.
Characteristics
Flagellation: 1-3 polar flagella
Straight rods
PHB accumulation
Growth at:
4 °C
20 °C
30 °C
35 °C
40 °C
Gram reaction
Production of:
Lipase
Amylase
Gelatinase
Gas from D-Glucose
Reduction of NO3- to NO2Luminescence
Oxidase
Arginin dihydrolase
Production of indole
+, positive; -, negative

Glycerol
N-acetylglucosamine
L-arabinose
Maltose
D-mannitol
D-galactose
D-mannose
Acetate
Cellobiose
L-serine
DL-alanin
L-proline
Pyruvate
D-xylose
+, positive; -, negative

Strains
TEM 05
+
+
+

TEM S1
+
+
+

+
+
+
-

+
+
+
-

+
+
+
+
+
+
+

+
+
+
+
+
+
+

Strains
TEM 05
Utilization of
+
+
+
+
+
+
+
+
+
-

TEM S1
+
+
+
+
+
+
+
+
+
-

Nucleotide sequence accession numbers

The 16S rDNA sequences of Vibrio harveyi strains
TEM O5 and S1 determined in this study have been deposited in the GenBank nucleotide sequence database under accession numbers DQ842241 and DQ842240, respectively.

FIGURE 1 - Phylogeny of V. harveyii TEM O5 neighbour joining
tree analysis using Mega v2.1 (strain with the prefix O5:f27 isolated
from H. tubulosa).

DISCUSSION
Results obtained from phenotypic characterization
tests (Tables 1 and 2) enabled us to classify the two luminous isolates analyzed in this work into the family Vibrionaceae. Presence of sheathed polar flagella, utilization of mannitol, cellobiose and maltose production of
lipase, gelatinase and amylase excluded their belonging to
the genus Photobacterium. Negative growth at 4 °C, positive growth at 35 °C, negative gas production from D-glucose, negative pigmentation, utilization of pyruvate and
acetate, and production of lipase also excluded the other
luminous species of Vibrio.

FIGURE 2 - Phylogeny of V. harveyii TEM S1 neighbour joining
tree analysis using Mega v2.1 (strain with the prefix S1:f27 isolated
from sea water in Izmir Gulf)

The bioluminescent isolates were identified as Vibrio
harveyi strains using the data obtained from phenotypic
characterization, as well as that of sequence analysis of
the 16S rDNA’s. A combination of phenotypic and molecular techniques provided rapid and reliable identification of luminous bacterial strains isolated from marine environment. The bioluminescent spectrum shifts from bluegreen (490-505 nm) to blue (470-475 nm) in luminous
Vibrio strains. The V. harveyi TEM O5 and TEM S1 strains
also showed blue emissions ((λmax= 475 nm).
Recently, bioluminescent bacteria have been utilized
in biotechnological applications, as indicators or biosen-

509

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

sors [1, 4]. These luminous V. harveyi isolates may be
useful for some biotechnological applications defined in
following reports [1, 2, 5, 15-23]. Ulitzur [24] used the
bioluminescent strains of Photobacterium leiognathi for
the determination of polymyxin B in milk samples. The
bioluminescent strains can also be used for monitoring
metal pollution [25].
In this study, we isolated and identified a luminous
marine bacterium which emits blue light, Vibrio harveyi,
from seawater and an invertebrate sample (H. tubulosa)
from Turkey. Vibrio harveyi TEM O5 and TEM S1 strains
have been deposited in TEM culture collection of Biology
Department, Faculty of Science, Ege University, Turkey.
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ORGANOCHLORINE INSECTICIDE CONTAMINATION
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ABSTRACT
The pollution of organochlorine insecticides in drinking water poses risks for humans. Turkey is a candidate
country for the European Community and should, therefore, perform pesticide residue analyses in the near future,
including that of organochlorine residues in drinking water.
In 2005, bottled water samples were collected from local
markets and market chains in Aydin, Turkey, and analyzed
qualitatively and quantitatively using gas chromatography/
mass spectrometry. The maximum median concentration of
endrin aldehyde among organochlorine insecticides reached
3.8 ng/l, and the residue of organochlorines did not exceed
the maximum residue limit of the European Community.
The banned organochlorines (DDTs, aldrin, endrin, BHC,
heptachlor) were still found in bottled drinking water, thus
requiring more effective treatment to remove them before
filling the bottles. Turkey also needs more effective monitoring and control studies concerning the bottled water
industry.

of water was supplied by municipalities or state hydraulic
works for use. The potential groundwater reserve for drinking/ domestic use was 14 billion m3.
Water pollution has increased very sharply, and water
sources are still limited in terms of their drinking quality,
and it is expected that Turkey will have a drinking water
problem until 2030 [3]. Therefore, the only remaining solution is to protect and keep the water sources clean.
Under some hydrogeological conditions, notably where
fractured bedrock is close to the surface and/or the water
table is extremely shallow, the use of a standard on-site
sanitation unit results in a high risk of nearby groundwater
circus contamination by microorganisms. This has been the
proven pathway of pathogen transmissions in numerous
disease outbreaks. It happens most often in densely populated settlements, but can also occur in more urban settings where individual houses have both private shallow
wells and septic tanks without appropriate sitting controls.
Because of the insufficient water treatment, lack of discoloration, and the low quality of ground or tap water, Turkish people tend to consume bottled water, especially when
being concerned with safety and aesthetic aspects (e.g.
taste, smell, and discoloration).

KEYWORDS:
organochlorines, bottled water, residue, insecticides.

INTRODUCTION
Groundwater is accessible, safe, and often the only
source of drinking water. Large amounts of groundwater are
also used for irrigation, as well as commercial and industrial supplies [1]. Most cities evolved from small settlements, and in the industrial economies this evaluation took
place over centuries, but in the developing world, urban
growth rates are unparalleled in human history. From
1927 to 2000, the population of Turkey grew from 13.6 to
67.8 million [1], and some Latin American and Asian cities
have recorded similar growth rates in just a few decades [2].
In Turkey, 75% of the population is served by the
drinking water network [3], and only 26.9% of that water is
served by water treatment plants. In 2002, 5003 million m3

The main issues with groundwater are quality problems. These problems can occur in the urban environment,
except in the case of those related to the intensification of
agricultural cultivation. Moreover, some problems related to
agriculture can occur with city margins horticulture and/ or
wastewater irrigation schemes.
Organochlorine insecticides have been used very intensively in agriculture. After 1978, they were banned from
use and production. The use of some of them in the 1970s
is listed in Table 1 [4].
Many countries, including Turkey, banned the use
of most organochlorines, due to their lipophilic nature
[5]. Endosulfan is the only one that is still used in many
countries, including Turkey. Organochlorine insecticides
have been identified in groundwater, surface water, and
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aquatic biotas in Turkey [6-9]. Their occurrence may prove
harmful for human consumption. Furthermore, the use of
on-site sanitation to serve densely populated areas can
result in an excessive load of nitrogen to the subsurface,
and can cause widespread groundwater pollution problems
owing to nitrate, or, more rarely, because of ammonium.
The main factors that determine the severity of such pollution are the levels of no consumptive per capita water
use, the natural infiltration rate, and the proportion of the
gross nitrogen load that will be ledged to groundwater as
nitrite. The objective of this study was to determine organochlorine residues in bottled water samples to show their
quality for consumption.
TABLE 1 - Organochlorine usage
amounts for different years in Turkey [4].
Pesticides
DDT (powder)
DDT + BHC (powder)
Heptachlor (WP)
Lindane (WP)
40% Aldrin (WP)

1976 (tons)
1889.7
689.4
31.6
96.6
9.4

1977 (tonnes)
538.35
714.6
172.95
70.25
9.52

24 SPE system, which was conditioned using a flow of
1 ml/min, pre-cleaned with 3x3 ml hexane:acetone and 3 ml
methanol, and flushed with 3 ml distilled water. One-liter
water samples were drawn through the conditioned octadecyl column, while the vacuum was controlled at 400 mbar.
The study was carried out twice during 2005, with 4 replicates.
The recovery rates of the clean-up method are listed
in Table 2. Chlorinated insecticides were determined qualitatively and quantitatively using a Varian GC (3800 series) with an electron capture detector 63Ni-ECD (30 m x
0.25 mm x 0.25 µm DB 1702 column, carrier gas 1 ml/ min
He 5.0 with 75 psi pressure, and make-up gas N with ECD
quality).
The temperature of the injector was 250 °C and that of
ECD 300 °C. The oven temperature program was started at
180 °C, held for 1 min, and then increased by 4 °C/min to
290 °C. The injection volume was 2 µl (splitless mode).
Calibration was based on the peak areas given by the external standards used in the study.

1978 (tons)
553.8
638.4
290.86
21
7.3

MATERIALS AND METHODS
Reagent-grade (99.8% purity) chemicals, including
chlorinated insecticides, were supplied by Sigma Co. Ltd.
(Germany), and octadecyl cartridges for cleaning-up by
Supelco Co. Ltd. (Germany). The bottled water samples,
filled from groundwater sources mostly near agricultural
areas, were collected twice in 2005, 3 months apart, from
local markets and supermarket chains that can be found
everywhere in Turkey.
Solid phase extraction (SPE) is one of the most common techniques for the separation and enrichment of volatile organochlorine insecticides, and 500 mg/3 ml of volatile organochlorine insecticides were applied to a Varian

The confirmation of peaks was done by using GC/
MS/MS (Varian 2200, EI, ion trap MS detector). The capillary column was a factor four column, and the carrier gas
was He 5.0 with a flow-rate of 1 ml/min. Temperature
program and injection were selected as given above, maintaining the transfer line temperature at 270 °C.
RESULTS AND DISCUSSION
The recovery rates and the detection limits of the organochlorine insecticide are given in Table 2. Technical
BHC consisted of 55-70% α, 5-14% β, 10-13% γ, and 68% δ, respectively. Gamma-BHC is referred to as lindane,
and has been used intensively in many countries, whereas
α-BHC ranged between ND-1.5 ng/L in water samples.
More than 70% of samples did not contain any of it.

TABLE 2 - The recovery rates of organochlorine insecticides after solid phase extraction for measurements.
Compound
α-BHC
γ-BHC
β-BHC
Heptachlor
δ-BHC
Aldrin
Heptachlor epoxide
Endosulfan
4,4`-DDE
Dieldrin
Endrin
4,4`-DDD
Endosulfan II
Endrin aldehyde
Endosulfan sulfate
Methoxychlor

Recovery rate in
%
81
87
78
84
87
92
84
81
92
91
89
78
86
78
81
91

Standard deviation
%
8.1
7.4
9.2
8.1
8.2
8.1
8.6
11.2
10.6
12.1
8.6
9.3
9.8
8.7
11.1
12.4
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Limit of detection
ng/l
0.5
0.06
1.0
0.4
0.03
0.4
0.5
0.8
0.5
0.15
0.9
0.5
0.8
0.8
0.6
1.2
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TABLE 3 - Concentration of organochlorine insecticides in bottled water (min-max range, and median; ng/L).

α-BHC
γ-BHC
β-BHC
Heptachlor
δ-BHC
Aldrin
Heptachlor epoxide
Endosulfan
4,4`-DDE
Dieldrin
Endrin
4.4`-DDD
Endosulfan II
Endrin aldehyde
Endosulfan sulfate
Methoxychlor

I
ND-1.5
0.38
ND-11.9
2.98
ND-10.4
2.60
ND-10.2
2.55
ND-12.4
3.33
ND-11.9
3.28
ND-11.9
3.05
ND-10.6
2.78
ND-9.9
2.65
ND-8.9
2.38
ND-6.4
1.75
ND-8.5
2.58
ND-2.9
0.80
ND-13.8
3.90
ND-5.8
1.75
ND-7.1
1. 78

II

III

IV

V

VI

VII

ND

ND
ND-0.1
0.10

ND
ND-0.1
0.10

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND-0.3
0.30
0.3-0.6
0.90

ND

ND

ND
ND-0.1
0.10
ND-0.2
0.20

ND
ND-0.2
0.07
ND-1.0
0.47

ND
ND-0.6
0.60

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND-08
1.30

ND
ND-0.5
0.50

ND

ND

ND
ND-0.9
1.30
ND-08
0.80

ND
ND-0.2
0.20

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND
ND-0.7
1.50

ND
ND-0.6
0.60

ND
ND-0.6
0.55

ND
ND-0.9
0.30
ND-1.9
0.63

ND

ND

ND

ND

ND

ND

XIV
ND

ND
ND-0.4
0.17

ND
ND
ND

ND

ND

ND

ND
ND-0.4
0.20
ND-0.4
0.13
ND-0.7
0.30
ND-0.9
0.30
ND-0.6
0.33
ND-1
0.37
ND-1.5
0.70
ND-2.1
0.83

TABLE 3 - continued

α-BHC
γ-BHC
β-BHC
Heptachlor
δ-BHC

VIII
ND

IX
ND

X
ND

XI
ND

XII
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND-0.2
0.10

ND
ND-0.3
0.15

ND
ND-0.2
0.10

ND
ND-0.3
0.07

ND

XIII
ND
ND-0.3
0.10
ND
ND-0.3
0.10

ND

ND

ND

ND

ND

ND

ND

ND

ND-0.4
0.20

ND-0.5
0.50

ND-0.5
0.37

ND

ND-0.1
0.03

ND

ND

0.23

ND

ND

ND

ND

ND

ND

ND

ND
ND-1.2
0.60

ND
2.5-2.7
2.60

0.27
1.1-2.7
0.50

ND

ND

ND

ND

ND

ND

0.77

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND-0.8
ND
ND-1.5
1.87
ND-2.3
ND
ND-0.8
ND
ND-0.8
ND

ND

ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

Aldrin

ND
ND
ND

Heptachlor epoxide
0.3-0.5
0.27

Endosulfan
ND
ND-0.9
ND

4,4`-DDE

ND-0.5
0.17
ND-0.8
0.27
ND-1.1
0.37

Dieldrin
Endrin
4,4`-DDD
Endosulfan II
Endrin aldehyde
Endosulfan sulfate
Methoxychlor

The concentrations of γ-BHC, β-BHC, and δ-BHC
reached 11.9, 10.4, and 12.4 ng/<L, respectively, in the
water samples. In Red River, Vietnam, lindane concentra-

ND-0.8
0.27
ND-1.4
0.63
ND-2.3
0.77
ND-0.8
0.27
ND-0.8
0.27
ND-2
0.67
ND

tion reached 85.92 ng/L [10]. Aydin and Yurdun [11] reported a BHC concentration of 1.7 ng/L, including 0.077 ng/
L γ-BHC, in water-bodies of Turkey.
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Methoxychlor is used as an insecticide to protect vegetables, fruits, trees, fodder, cereals, farm animals, and pets
against a variety of pests. Although methoxychlor is poorly
soluble in water, it has been found in ground and drinking
water. Only 1 out of 71 groundwater samples from rural
areas contained methoxychlor at 0.09 µg/L, but concentrations upto 50 µg/L were detected in both surface and groundwater close to agricultural areas where it was applied. Drinking water from two rural areas in the USA were reported to
contain methoxychlor at concentrations of upto 312 and
100 µg/L [12].
Aldrin and dieldrin are highly effective insecticides for
soils, dwelling pests, and the protection of wooden structures against termites and wood-borers. Dieldrin has been
used against insects of public health importance [13]. In
soil, aldrin is removed by the oxidation of dieldrin and
evaporation. In temperate climates, only 75% is oxidized
within a year after application. The further disappearance of
dieldrin is very slow under these conditions, and its halflife is approx. 5 years [13].
The movement of soluble dieldrin through the soil is
extremely slow, indicating little potential for groundwater
contamination. Using a low pollution potential scenario, it
is estimated that it would take 2594 years for dieldrin to
travel to a 3-m depth, and even with a high pollution scenario, it would still last about 270 years to reach this depth
[14]. In this case, the contamination of drinking water with
aldrin and dieldrin is still expected in groundwater samples
of Turkey. Aldrin concentrations reached upto 11.9 ng/L,
and nearly all samples were contaminated with aldrin. Conversely, there was less dieldrin in bottled drinking water
in Turkey (Table 3).
Endrin is a foliar insecticide that acts against a wide
range of agricultural pests at doses of 0.2-0.5 kg active
material per ha. It has a broad spectrum of control, and is
particularly effective against Lepidoptera. It is used mainly
on cotton, but also against pests of rice, sugar cane, maize
and other crops. It is also used as a rodenticide [15]. The
endrin concentration of bottled drinking water samples
ranged from ND to 6.4 ng/L, and most samples were contaminated with this organochlorine insecticide (Table 3).
Endosulfan is a contact and stomach poison that has
been used to control insects, such as the Colorado potato
beetle, the flea beetle, the cabbageworm, the peach tree
borer, and the tarnished plant bug, as well as several species of aphids and leafhoppers. It is used in countries
throughout the world to control pests on fruits, vegetables,
tea and non-food crops, such as tobacco and cotton. It is
also used as a wood preservative and for the control of
home garden pests.
Endosulfan is still used in Turkey and expected to occur in high concentrations in water. Therefore, about 50%
of the bottled drinking water samples in this study were
contaminated with endosulfan. In contrast, the endosulfan II
concentration was lower and fewer samples were contami-

nated. Many studies showed that endosulfan occurred in
surface waters from different rivers. Turgut [8] found a
total endosulfan average concentration of 152 ng/L in surface water samples of Turkey. In Mexico, the levels reached
1.26 µg/L, being very high in water samples of Bay of
Dhuria [16].
In water, endosulfan undergoes hydrolysis to endosulfan diol. The rate of hydrolysis is influenced by water pH,
and also oxidative degradation occurs. At pHs 7 and 5, the
half-lives were 54 and 51 days, respectively [17].
DDT is a non-systemic contact insecticide with a broad
spectrum of activity. It was banned in Turkey in the late
1970s, and more recently, many countries have restricted
or banned it, with the exception of some countries in Asia.
DDT is still used in some countries for the control of vectors that transmit yellow fever, sleeping sickness, typhus,
malaria, and other insect-transmitted diseases. DDT and
its metabolites are readily adsorbed onto sediments and
soils, which can act as sinks and long-term sources of exposure. Because of its strong tendency to be adsorbed onto
surfaces, most DDT that enters the water is and remains
firmly attached to soil particles. If it finds its way into
water, it is gradually lost by adsorption onto surfaces [15].
It also decomposes to its main metabolites DDE and DDD,
which are in such cases more dangerous than DDT.
In a study of surface water in Turkey during 20002002, the highest level recorded for a 4,4`-DDT was 58 ng/
L [8]. Concentrations in Germany were lower, averaging
10 ng /L and never exceeding 1 µg/L. Within the GEMS
water network, DDT and average levels of its metabolites
were found in some rivers during 1979-1984 [18]. The concentrations of DDD and DDE in our study were very low
in comparison to previous ones carried out in Turkey [6-8,
19].
CONCLUSION
Most organochlorine insecticides were used very intensively in agriculture in Turkey, but banned more than
20 years ago. However, bottled water, which is filtered
before being filled and consumed, still contains many organochlorine residues. For that reason, bottled water
companies need more efficient water treatment systems,
and the government needs to monitor pesticide residues.
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ABSTRACT
Dissipation rates of the fungicides vinclozolin, chlorothalonil and hexaconazole, used in a few Sicilian greenhouse productions (autumn and spring aubergine and tomato), and the insecticide endosulphan, used on a field
covered crop (grape), were investigated by gas chromatography-electron capture detection (GC-ECD). Residues were
evaluated either on washed or not washed fruits. The used
extraction-cleanup and determination methods allowed the
assessment of pesticide dissipation in considered trials with
good recoveries, selectivity, sensitivity and repeatability.
Residue contents were found to be greater than expected,
probably because abiotic and biotic degradation processes
were reduced under the protected environment. The thermoclimatic difference between autumnal and spring growing
exerted a positive influence on degradation of pesticides.
Washing procedure induced a noteworthy reduction of
residue levels on aubergine and tomato, but not on grape.
Degradation rates of active ingredients were influenced by
initial concentrations. Higher levels of residues were measured in tomato compared to aubergine. Vinclozolin dissipation was lower than that of the other tested fungicides.
In these conditions, the use of active ingredients characterized by slower dissipation rates should be limited. Consequently, the safety period to elapse before harvesting
should be increased to minimize the risk of consumer exposure to expected pesticide residues.

KEYWORDS: pesticide residues, pesticide dissipation, protected
crops, grape, aubergine, tomato.

INTRODUCTION
The amounts of pesticide residues in agricultural products destined to human diet arouses great consumer interest. Moreover, monitoring of pesticide residues is a very
important activity for official laboratories in Europe. After
chemical treatments of plants or foodstuffs, active ingredi-

ents could be degraded or remained unchanged for a long
time. The fate of these molecules under common environmental conditions shows different pathways controlled by
temperature, humidity, and daylight intensity [1]. Yet, there
is no information available about their fate in particular
environmental conditions as greenhouse and field crops
grown under permanent covers (covered crops). In intensive cultivations, plastic tunnels or multiform greenhouses
are utilized in large production areas to improve growing
conditions of crops allowing higher yields and better quality, compared to open field productions [2, 3].	
  
Usually, crops’ protection is realized with plastic films
or glasses transparent to light. The UV-radiations’ range is
a small fraction of the total solar spectrum (6% of the global
radiation), and represents the highest energy region that can
cause pesticides’ photodegradation. Humidity level together
with high temperature inside greenhouses or under field
plastic coverings produces a potential aggressive environment for pesticide molecules. In Mediterranean areas (of
high irradiative load), an efficient air re-change is crucial in
order to decrease the inside temperature, and to remove
excessive humidity [4].
In Eastern Sicily (Italy), covered crops produce a wide
range of vegetables and fruits. These productions play a
very important role in agricultural export. Mediterranean
climate conditions, use of polyethylene coverings, highly
increased density of cultures, and their repeating on the
same soil surfaces, have notable effects on the development of diseases and viruses. For these reasons, farmers are
constrained to use a large variety of chemicals and pesticides, which must be controlled with great care in relationship to tolerance limits and quality of marketable products.
Basic chemical processes, such as volatilization, hydrolysis, photolysis, enzymatic transformation, oxidation
etc., can play an important role on pesticide degradation.
These processes can provoke a significant reduction of
pesticide concentrations. Moreover, other important factors
could determine the residues’ reduction, such as washing,
peeling or cooking prior to consumption. However, in some
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MATERIALS AND METHODS

cases, more toxic by-products can be formed during degradative processes.

Chemicals

Many methods have been developed for the determination of pesticides and their metabolites in vegetables
and fruits. Usually, in pesticide extractions, the solvents
largely used are acetone, ethyl acetate, acetonitrile, nhexane, and dichloromethane. Extraction phase is followed
by a filtration step, evaporation, and re-dissolution with
different solvents [5-7]. In spite of the large diffusion of
multi-residue methods developed taking advantage of wide
versatility of gas chromatography-mass spectrometry (GCMS) [7], gas chromatographic equipments furnished of
electron-capture detector (ECD) and flame-ionization detector (FID), or its nitrogen-phosphorus version (FID-NPD),
are normally used for residue analyses with high sensitivity according to different pesticide families [8-10].

Pesticide reference standards, certified for purity (95–
99 %), were purchased from Dr Ehrenstorfer (Augsburg,
Germany). Individual stock standard solutions were prepared by dissolving pesticides in n-hexane at concentrations depending on their solubility, and stored in the dark
at 4 °C. Individual and mixed working solutions were
obtained by diluting the stock solutions in the same solvent. Investigated pesticides are listed in Table 1, which is
also reporting their physical-chemical characteristics [1214]. Solvents (HPLC grade) and anhydrous sodium sulphate (99 %) were purchased from Baker (Deventer, Holland), but all other chemicals (analytical grade) from Merck
(Darmstadt, Germany).
Experimental plane

The aim of this study was to evaluate the dissipation
of active ingredients widely used for protection of fruits
and vegetables in three Sicilian covered crops, during two
different seasons. The fungicides vinclozolin, chlorothalonil, hexaconazole, and the insecticide endosulphan were
in-vestigated using an ECD-equipped gas chromatograph.
The vegetables surveyed were grapes, aubergines, and
tomatoes selected for their commercial importance in
Sicily. Moreover, the paper examines the effects of washing process with natural water on the levels of pesticide
residues.
Endosulphan is an organochlorine pesticide with insecticidal action and a wide range of applications. It is insoluble in water and does not possess systemic properties.
Commercial product is a mixture of two isomers, α and βendosulphan, both with insecticide action and high levels
of toxicity for vertebrates. Following aspersion on the crops,
endosulphan undergoes oxidation and forms endosulphan
sulphate, endosulphan lactone and endosulphan ether.
Chlorothalonil is a nitrochlorinated pesticide with a wide
range of action used as non-systemic component of fungicide mixtures to reduce risks of environmental impact by
systemic products. Hexaconazole is a triazole fungicide
used to control plant pathologies from filamentous fungi
(Ascomycetes and Basidiomycetes), and shows scarce toxicity in mammals. Vinclozolin is a dicarboximide fungicide
and shows systemic action when used in soil treatment, but
dicarboximide compounds are not toxic to mammals [11].

Experiments were carried out using two galvanized
iron greenhouses (surface 500 m2; max height 3.5 m)
placed in cultivated areas surrounding Vittoria town (Ragusa, Italy; 36° 57’ N, 14° 32’ E). Greenhouses were covered with a single 200-µm polyethylene plastic film, allowing lateral ventilation, and crops were irrigated by
lateral infiltration. ‘Woodo’ aubergine and ‘Rita’ tomato
cultivars were grown during autumn (tardy) and spring
(early). ‘Italia’ grape was grown in a vineyard of Mazzarrone (Catania, Italy; 37° 05’ N, 14° 33’ E), protected
with an awning from August up to the delay harvest (tardy). All the trials were carried out according to a random block scheme with three replicates and controls.
To observe the effects of elapsed time and environmental conditions on dissipation of pesticides, tests on
aubergine and tomato were performed during 4 weeks
starting from the third day after pesticide spraying. The
residues’ analyses were repeated in two different production periods, late autumn and late spring. Every three days,
after pesticidal treatments, aubergines, tomatoes, and grapefruits were sampled. Several samples were collected as
control before each treatment. Mixtures of technical formulations were used at rates and doses recommended by
the manufacturers (Table 2). Analytical determinations were
carried out on fruits and vegetables as soon as they were
sampled, and after a simple washing with running water.

TABLE 1 - Physico-chemical characteristics of the investigated pesticides (ECOTOX database).
Active ingredient
Chlorothalonil
Endosulphan
Hexaconazole
Vinclozolin

Vapor pressure
(mPa)
< 1300
(40 °C)
0.83 (20 °C)
0.01 (20 °C)
< 10
(20 °C)

Water solubility
(mg L-1)
0.6 (25 °C)
0.32 (22 °C)
17
(20 °C)
1000
(20 °C)
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Log Koc

Log Kow

3.4
3.5
3.0
2.4

2.9
3.8
3.9
3.0

Soil half-time
(days)
30-70
5-25
47
21

Class
Fungicide
Insecticide
Fungicide
Fungicide
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TABLE 2 - Active ingredients and formulations used, safety times, application rates, and
maximum residue levels (MRL) permitted by European directions for selected cultivations.
Active ingredient

Commercial product

Chlorothalonil a
Endosulphan a
Hexaconazole b
Vinclozolin a,c

Daconil 75 WG
Sulfadan PB
Anvil
Ronilan

Title
(%)
75
32.9
2.9
50

Safety time
(days)
14
25
15
10

Application rate
3
2
0.7
0.8

kg ha-1
L ha-1
L ha-1
kg ha-1

MRL
(mg kg-1)
2
0.05
0.02
3d

a

active ingredient administered on aubergine and tomato
active ingredient administered on grape
vinclozolin use in Italian greenhouses has been banned from 1995
d
MRL for tomato: 0.05 mg kg-1
b
c

Sample preparation and extraction

Samples of grapes, aubergines and tomatoes were analyzed both washed and not-washed. Aubergines and tomatoes were sliced, and grapes were separated from the stalk.
50 g of samples were grinded with a Waring glass blender
in 175 ml of n-hexane for 2 min [15]. The mixture was
filtered through a cellulose filter on a layer of anhydrous
Na2SO4. Extracts were evaporated using a vacuum rotary
evaporator (40 °C), and the residual liquid phase was removed by blowing nitrogen gas over the sample for 2 min.
The dried residue was re-dissolved in 7 ml of cyclohexaneethyl acetate (1:1, v:v), filtered on 0.45 µm PTFE filter
(Millipore, Milford, MA, USA), purified using a GPC
equipment, and kept in the dark at -25 °C. For testing the
analytical method used and to determine the recovery tests,
many samples were prepared fortifying in triplicate or more
50 g of studied matrices (fruits or vegetables) with 175 ml
of solution at different concentrations of selected pesticides
in n-hexane and extracted following the procedure previously given.

increased by 25 °C min-1 up to 150 °C, then increased at a
rate of 2 °C min-1 up to 250 °C; injector temperature 250 °C;
carrier gas He (99.99 % purity); column flow-rate 2 ml min-1;
detector temperature 280 °C; make-up gas N2; injector
operating in the splitless mode (30 s); purge off time 1 min;
and injection volume 1 µl. Injections of 5 µl were used for
control purposes only in the case of concentrations close
to the limit of detection.
Chromatographic calibration curves were obtained by
injecting standard solutions of active ingredients and metabolites in n-hexane at concentration range 0.1-10 mg L-1;
linear response was found with correlation coefficients
≥ 0.9595. Pesticide standard solutions were re-injected
every 10 samples. Minimum quantifiable quantities were
estimated fixing to be acceptable a signal-to-noise ratio
of 10.
RESULTS
Analytical method

Gel permeation chromatography cleanup

A GPC equipment (DSCS Cleanup System Mod. 18LMLS, LabService Analytica, Italy) was used. Sample cleanup was performed injecting 1 ml of each sample into the
instrumental loop connected to a glass column (45 cm long;
1 cm i.d.) filled with 10 g of styrene-divinylbenzene copolymer (200-400 mesh). Operating conditions were mobile phase cyclohexane-ethyl acetate (1:1, v:v); flow rate,
2 ml min-1; dump cycle, 10 min; collect cycle, 10 min; and
wash cycle, 7 min [16]. Before the analytical determinations, samples were dried and redissolved for GC injection
with 1.5 ml of n-hexane.
GC-ECD

A Perkin Elmer Autosystem XL gas chromatograph
(Boston, MA, USA), equipped with a 63Ni electron-capture
detector (ECD) and a split-splitless injector, was used. The
capillary column was a fused-silica OV-1701 (30 m long,
0.53 mm i.d., 1 µm film thickness; stationary phase: 14%
cyanopropylphenyl and 86% methylsiloxane copolymer)
from Ohio Valley (Marietta, Ohio, USA). Operating conditions were as follows: initial temperature 50 °C (2 min),

The choice of n-hexane as extraction solvent, instead
of the generally used acetone, revealed a high recovery
effectiveness of pesticide molecules and their metabolites
with different chemical-physical properties. The GPC cleanup step was applied after extraction to remove lipids, polymers, pigments, and other high molecular weight compounds that can interfere with chromatographic determination of pesticides [17]. A mixture of non-halogenated
solvents (ethyl acetate-cyclohexane) was used as GPC
eluent, avoiding dichloromethane, which is generally considered to be more toxic. The effectiveness of the extraction-cleanup method used is reported in Table 3. The different values of recovery obtained are due to the nature of
vegetable matrix, and affinity of each pesticide with the
solvents used in the extraction-cleanup steps. Low recovery
values were particularly evident for hexaconazole (55 %)
extracted from grapes. All analytical data were corrected
taking into account recovery values.
Gas chromatography with ECD is the favorite technique for the determination of a majority of pesticides, being effective for analyzing compounds containing halogens.
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Chromatographic parameters are shown in Table 4. An excellent linearity was obtained for individual and mixed
standard solutions, and no interferences were observed during analyses of vegetable matrices (Fig. 1).
TABLE 3 - Extraction/cleanup recoveries of
pesticides and metabolites (means of 3-8 replicates).
Compound
Chlorothalonil
Endosulphan (α+β)
Endosulphan sulphate
Endosulphan lactone
Endosulphan ether
Hexaconazole
Vinclozolin
3,5-dichloroaniline

Grape
%

Aubergine
%
84±2
91±3
74±2
69±2
55±3

Tomato
%
87±3
89±4
77±3
73±3
58±3

85±2
84±3

87±3
88±4

repetitions performed for each sample, and the standard
deviation (± SD) of the data reflects the repeatability of
GC measurements. Performances of extraction-cleanup step
and chromatographic method employed were according to
Miliadis and Malatu [6].
Pesticide residues

55±2

There was a very good repeatability of retention for
all analyzed compounds, and relative standard deviations
(RSD) ranged from 0.2 to 0.6 %. Over a comprehensive
set of chromatographic runs, the within-day mean repeatability of chromatographic areas was about 1.3 % as RSD
for 10 replicated injections of authentic standard solutions.
The results quoted in this paper represent the mean of three

Samples were analyzed for residue molecules both notwashed and after a washing procedure with natural water
[18]. Though many authors have used solutions of acetic
acid and sodium chloride to evaluate the effect of washing
treatment on pesticide residue persistence [19], we preferred the use of natural water because this is the method
normally applied by consumers for vegetable and fruit cleaning. Pesticide dissipation is often expressed in terms of halflife, and influenced by vegetable matrix, application method,
and climatic conditions [20]. From chromatographic measurements of pesticide residues, it was possible to evaluate
the parameters of dissipation curves (Fig. 2) as reported in
Table 5. The best fit was reached using a linear equation,
which gave values of the determination coefficient (R2).

TABLE 4 - Retention times, capacity factors, linear response of calibration curves (R), repeatability and quantification limits (LOQ).
Compound

Absolute retention time (min)

Capacity factor (kc)

RSD a (%)

R

Chlorothalonil
26.8±0.12
12.2±0.02
0.99666
0.99881
35.1±0.09
16.3±0.02
α-Endosulphan
0.97989
43.1±0.09
20.3±0.03
β- Endosulphan
Endosulphan sulphate
48.9±0.10
23.1±0.01
0.95952
Endosulphan lactone
38.4±0.08
17.9±0.04
0.96986
Endosulphan ether
25.4±0.08
11.5±0.01
0.97018
Hexaconazole
39.8±0.10
18.6±0.03
0.98862
Vinclozolin
30.1±0.09
13.8±0.03
0.98997
3,5-Dichloroaniline
13.9±0.09
5.9±0.05
0.97078
a
within-day repeatability of chromatographic areas for 10 replicated injections of same standard concentration (1 mg L-1).

1.4e+6

(a.u.)

1.0e+6

Signal intensity

1.2e+6

8.0e+5
6.0e+5
4.0e+5
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FIGURE 1 - Control sample chromatograms of active ingredients and metabolites in grape and tomatoaubergine matrices: 1, hexaconazole; 2, chlorothalonil; 3, α-endosulphan; 4, β-endosulphan; 5, vinclozolin;
6, endosulphan sulphate; 7, endosulphan lactone; 8 endosulphan ether; 9, 3,5-dichloroaniline (a.u., arbitrary units).
10

w ashed

hexaconazole grape

not w ashed

9

Residues (mg kg-1)

8
7
6
5
4
3
2
1
0
3

6

11 15 18 21 24

27 31 38

Time (d)
10

chlorothalonil aubergine

10

autumn not w ashed

9

chlorothalonil tomato

spring w ashed

8

Residues (mg kg-1)

spring not w ashed

7
6
5
4
3

spring not w ashed

7
6
5
4
3

2

2

1

1

0

0

3

6

11 15 18 21 24

27 31 38

3

6

Time (d)
10

endosulphan aubergine

autumn w ashed

10

27 31 38

Residues (mg kg-1)

6
5
4
3

autumn w ashed
autumn not w ashed
spring w ashed

8

spring not w ashed

7

endosulphan tomato

9

spring w ashed

8

11 15 18 21 24
Time (d)

autumn not w ashed

9

Residues (mg kg-1)

autumn w ashed
autumn not w ashed

9

spring w ashed

8

Residues (mg kg-1)

autumn w ashed

spring not w ashed

7
6
5
4
3

2

2

1

1
0

0
3

6

11 15 18

3

21 24 27 31 38

6

11 15 18 21 24
Time (d)

Time (d)

522

27 31 38

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

autumn w ashed

vinclozolin aubergine

10

autumn w ashed

vinclozolin tomato

autumn not w ashed

9

spring w ashed

8

spring w ashed
spring not w ashed

8

spring not w ashed

Residues (mg kg-1)

Residues (mg kg-1)

10

autumn not w ashed

9

7
6
5
4
3

7
6
5
4
3

2

2

1

1

0

0

3

6

11 15 18 21 24

27 31 38

3

6

11 15

Time (d)

18 21

24 27 31

38

Time (d)

FIGURE 2 - Dissipation curves for each cultivation and pesticide during the two trial periods (autumn-spring).
TABLE 5 - Parameters of dissipation equations (C = C0 - kobs t) calculated on three replicates for
each trial (C, remaining residue; C0, initial residue (at t =0); kobs, rate of dissipation per day; t, time
in days; R2, coefficient of determination; t1/2, half-life (t1/2 = C0/2kobs); ε, standard error of estimate).
Pesticide

Crop
not washed

Chlorothalonil

aubergine

Chlorothalonil

tomato

Endosulphan

aubergine

Endosulphan

tomato

Hexaconazole

grape

Vinclozolin a

aubergine

Vinclozolin a

tomato

C0
ε
(mg kg-1)
3.18
0.11
4.50
0.12
4.93
0.12
5.71
0.13
5.91
0.13
5.81
0.13
8.35
0.14

Autumn
- kobs
ε
(mg kg-1d-1 10-2)
5.63
0.12
7.89
0.14
6.29
0.13
6.99
0.14
5.44
0.13
6.62
0.14
9.62
0.15

R

2

0.9860
0.9872
0.9931
0.9938
0.9773
0.9918
0.9949

t½
ε
(days)
28
1.4
29
1.4
39
1.2
41
1.2
54
1.6
42
1.3
43
1.3

C0
ε
(mg kg-1)
2.55
0.11
3.40
0.13
3.78
0.12
4.99
0.13

Spring
- kobs
ε
(mg kg-1d-1 10-2)
4.46
0.13
5.93
0.14
5.59
0.13
6.05
0.14

--

--

4.31
0.13
6.01
0.14

5.10
0.14
6.09
0.15

R2
0.9905
0.9929
0.9918
0.9940
-0.9926
0.9921

t½
ε
(days)
29
1.0
28
1.0
34
1.0
41
1.2
-42
1.2
49
1.3

washed
2.54
4.49
28
2.08
0.9843
0.08
0.09
1.3
0.08
3.57
6.30
28
2.77
Chlorothalonil
tomato
0.9855
0.09
0.12
1.3
0.08
3.97
4.95
40
3.32
b
Endosulphan
aubergine
0.9868
0.09
0.10
1.3
0.10
4.69
5.85
40
4.04
Endosulphanb
tomato
0.9920
0.11
0.12
1.2
0.12
5.53
6.02
46
Hexaconazole
grape
0.9808
-0.12
0.11
1.3
4.56
5.03
45
3.20
a
Vinclozolin
aubergine
0.9917
0.11
0.11
1.2
0.10
6.59
7.31
45
4.82
Vinclozolin a
tomato
0.9954
0.12
0.12
1.1
0.12
a
sum of vinclozolin and all metabolites containing the 3,5-dichloroaniline moiety, expressed as vinclozolin
b
sum of endosulphan (α+β), endosulphan sulphate, endosulphan lactone and endosulphan ether
Chlorothalonil

aubergine

higher than an exponential equation obtained by modification of an Arrhenius type equation (data not shown). The
linear response of the kinetic equations (zero order) entails
the independence of the dissipation rate from the initial
concentration of pesticides used.
Grape

Hexaconazole residues were found considerably higher
than EC-MRL (Maximum Residue Level permitted in the

3.83
0.09
5.00
0.10
5.14
0.12
5.10
0.13
-3.80
0.10
5.28
0.13

0.9908
0.9891
0.9815
0.9894
-0.9830
0.9892

27
1.0
28
1.3
32
1.3
40
1.3
-42
1.3
46
1.3

European Community) (0.02 mg kg-1) on both washed and
not-washed grapes throughout the entire examination period. The washing process averaged 7 % reduction of residue
level, meanwhile the half-life was shortened by ca 15 %
(Table 5). With washing treatment, the rate of dissipation
per day (kobs in Table 5) was increased by about 11 %.
Aubergine
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Chlorothalonil residues in aubergines collected in the
autumn and spring seasons, subjected to washing procedure, were found below the legal limit (2 mg kg-1), 12 and
2 days after the treatment, respectively. Not-washed aubergines reached the same level within 10 days after, in
both cases. With washing, the rates of dissipation per day
(kobs in Table 5) increased by about 20 % and 14 % for
autumn and spring crops, respectively. Half-lives were
estimated into a range of 27-29 days for both growing
seasons, and were not influenced by washing procedure.
In both seasons, endosulphan residues (evaluated as
sum of endosulphan (α+β), endosulphan sulphate, endosulphan lactone and endosulphan ether) maintained levels
much more higher than EC-MRL (0.05 mg kg-1) throughout the whole trials. The washing procedure reduced the
residues by an amount ranging between 12-19 %. At the
same time, this expedient augmented the dissipation rate
by ca 19 and 8 % for autumn and spring cultivations, respectively. Nonetheless, the residue levels resulted markedly lower in the spring trial. The half-lives were estimated to
be about 40 days for washed and not-washed samples of
autumnal crop, and ranged from 32 to 34 days for spring
growing.
After 31 days from autumnal treatment, vinclozolin
residues (evaluated as sum of vinclozolin and 3,5-dichloroaniline) showed values equal to the limit permitted
by European regulations (3 mg kg-1) for washed samples.
This limit was reached after 42 days by not-washed aubergines, a time equal to the half-life. In the spring experiment, the residue levels were equal to the EC-limit after 5
and 26 days after treatment for washed and not-washed
aubergines, respectively. In spite of no differences between
vinclozolin half-lives calculated for autumn and spring
aubergine, a noticeable reduction of dissipation rate was
observed in spring with respect to the autumn trial (Table 5).
Tomato

In the autumnal trial, 25 and 32 days after the last application (against 14 days prescribed in Table 2), chlorothalonil residues were found in quantities lower than ECMRL (2 mg kg-1) in washed and not-washed samples, respectively. Comparison of half-lives in Table 5 does not
reveal differences among all tomato trials with or without
washing. On the contrary, a reduction of dissipation rates
was observed in spring with regard to autumn testing.
Noteworthy differences were observed in dissipation
rates when endosulphan-treated samples were washed. Besides, in both seasons, the insecticide dissipation, either
natural or favored by washing, was not sufficient to reduce
residue level below the legal limit for the entire trial period.
In all examined cases, half-lives were about 40 days, remarkably higher than the value found by Zerouali et al.
[2] for tomato in greenhouse experiments.
At the end of both autumn and spring experiments,
vinclozolin residues did not decrease below the limit per-

mitted by European directions (0.05 mg kg-1), also when
washing procedures were applied. Half-lives were calculated in the range 43-49 days, considering all testing modalities, and were affected by the dissipation rates and initial
residue levels determined after the last treatment (‘C0’ values in Table 5).
Presence of the endosulphan metabolites (endosulphan
sulphate, endosulphan lactone and endosulphan ether) and
3,5-dichloroaniline in aubergine and tomato was found at
levels that did not reach 0.5 mg kg-1. Similar results were
found by Lorenzatti et al. [21] in immature soybeans of
Argentina croplands.
DISCUSSION
Pesticides, in addition to limiting quantitative losses
in production, play a significant role in the defence of the
aesthetic, nutritional and organoleptic characteristics of
fruits and vegetables, which together with other parameters
correspond to the basis of quality and food acceptance for
the consumers. On the other hand, information about the
dissipation of pesticides is indispensable to evaluate the
potential risk for environment and humans.
Described extraction-cleanup and determination methods satisfied the objective of the assessment of pesticide
dissipation in the considered trials with good recoveries,
selectivity, sensitivity and repeatability.
The linear performance of the dissipation kinetics (zero
order) implies that, during the observation time, the reduction of the residue levels is independent of the initial concentration of pesticides used. Considering that the duration of the experiments were established on the basis of
the marketing period, the linear behavior of dissipation
rate can depend on too high values of the initial concentration following the treatments (doses suggested by the
pesticide manufacturers). On the other hand, residue contents were found to be greater than expected, probably
because chemical and photochemical degradation and volatilization processes were reduced in protected environment. In our experiments, only the thermo-climatic difference between autumnal and spring growing exerted a
positive influence on degradation of pesticides.
Results of fungicide treatments on aubergine and tomato showed that (a) washing procedure induced a noteworthy reduction of residue levels, (b) higher levels of residues were measured in tomato compared to aubergine, (c)
values of residue concentrations at each experimental time
were influenced by initial concentrations of active ingredients (C = C0 - kobs t), and (d) vinclozolin dissipation was
lower than that of the other tested fungicides.
Worrying, due to its systemic properties, hexaconazole
residues on grape were not reduced by washing procedure,
and found considerably higher than EC-MRL. Similar results were obtained by Fernández-Cruz et al. [22] in field
trial studies performed with captan and fenitrothion on
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cauliflower, as well as by Ripley et al. [23] in comparative
studies on the persistence of 9 different pesticides used for
specialty vegetables.
Finally, data obtained on Sicilian vegetables cultivated
either in greenhouses or under covering systems showed
that in protected cultivations the use of active ingredients,
characterized by slower dissipation rates, should be limited. In such conditions, it seems that both the biotic and
abiotic degradation processes are noticeably reduced. Consequently, the safety period to elapse before harvesting
should be increased to minimize risk of consumer exposure
to the expected pesticide residues.
CONCLUSION
The present study assumes a great importance because in some situations the half-times registered in real
agronomical conditions (ex: chlorothalonil) are superior
to those indicated in the commercial formulations. This
means that the safety edge proclaimed does not offer
enough security that pesticide values are below the MRL.
As the inspection actions are made by sampling, some of
the products could reach the consumer at dangerous concentrations. Moreover, this study should be considered as
an alert concerning several situations in which the food
washing process is not satisfactory to eliminate the risk
coming from the presence of pesticides. Results underline
also that the safety period before the collection should be
increased for crops grown in closed environments (covered cultures, greenhouses), where the dissipation is slower.
In scientific literature, works considering the pesticides`
dissipation under these conditions scarcely appear.
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GASIFICATION CHARACTERISTICS OF
BIOMASS MICRON FUEL (BMF): STUDY ON STEAM
GASIFICATION FOR HYDROGEN-RICH GAS PRODUCTION
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ABSTRACT
Biomass micron fuel (BMF) was produced from several feedstocks (energy crops, agricultural wastes, forestry
residues etc.) by an efficient crushing process. BMF was a
powdery fuel with particle sizes averaged at 125 µm (maximal size 250 µm). The characteristics of BMF steam gasification in a fixed bed were studied in this paper. A series
of experiments were carried out to investigate the effects of
reactor temperature, steam to biomass ratio (S/B), particle
size and bed height of calcined dolomite, on the properties
of gas products, such as composition, gas yield, steam decomposition, low heating value (LHV), gasification efficiency, hydrogen proportion and carbon conversion efficiency. The fuel gas yields from naturally dried BMF varied between 0.59-1.70 Nm3/kg, and the gas LHV values
were between 8795-21113 kJ/Nm3. The results showed that
higher temperatures contributed to more hydrogen production, but if temperature was too high, the gas heating values
were decreased. The introduction of steam improved gas
quality. However, excessive steam would lower gasification temperature, and so degrade fuel gas quality. In the
present study, the optimal value of S/B was found to be
1.33. Meanwhile, a higher bed of calcined dolomite was
more favorable for higher hydrogen yield.

KEYWORDS: Biomass micron fuel (BMF); gasification characteristics; hydrogen yield.

INTRODUCTION
The conversion of biomass into hydrogen-rich gas
provides a competitive means for producing energy and
chemicals from renewable sources [1]. Much work has
been done concerning biomass gasification [2-13]. Extensive experimental studies have shown that fluidized-bed/
steam-gasification processes (with or without O2 added)
were also capable of producing a middle heating value
(MHV, 10–16 MJ/ Nm3) gas with 30–60 vol.% H2 content.

The technology of biomass gasification seemed to have a
feasible application, and has been developed actively for
industrial applications. However, biomass materials are
generally bulky and low in density, while the amount
needed for biomass to run a gasifier is massive. Thus, a
proper biomass pretreatment method is essential, in order
to use biomass energy efficiently. It was reported that particle size of biomass fuel is an important factor that affects
efficiency of thermo-chemical conversion [14-16]. Bridgeman et al. [14] described the influence of particle size
(<90 µm and 90-600 µm) on the analytical and chemical
properties of two energy crops, and suggested that pretreatment by milling is one route that might be used routinely as a feedstock quality improvement strategy in integrated biomass conversion process. Under this background,
biomass micron fuel (BMF) was produced from several
feedstocks (energy crops, agricultural wastes, forestry residues etc.) by an efficient crushing process. A demonstrational line for BMF production of 4 tons/day from corn
stalk has been run for 2 years in Zibo city, Shandong province, China.
The use of calcined dolomite as a catalyst in biomass
gasification has attracted much attention because it is inexpensive and abundant, and can significantly reduce the
tar content of the product gas from a gasifier. In order to
understand the feasibility of BMF steam gasification, and
then promote the utilization of gasifying BMF for energy
production, detailed experiments were conducted to investigate the factors affecting gasification efficiency, including temperature, steam to biomass ratio (S/B), particle size
and bed height of calcined dolomite used as catalyst in
this study.
MATERIALS AND METHODS
Feed materials

The crushing process, used to produce BMF, mainly
included coarse crushing unit, fine crushing unit, fan, cy-
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clone collector and pocket collector. In producing BMF,
the fan worked at first, followed by the fine and coarse
crusher. Generally, the majority of raw biomass materials
were firstly crushed in the coarse crusher to generate coarse
particles with sizes less than 5 mm. They were then automatically directed sequentially into the fine crusher, cyclone collector and pocket collector, due to driving force
from the fan and rotation of crushers. After crushing process, the BMF was made and collected in the cyclone and
pocket collector.
The BMF from leaves of phoenix tree (BMFLPT),
with average particle size of 125 µm and maximal size of
250 µm, was tested by proximate and elemental analysis
using the standard methods described in ASTM-84 (American Society for Testing Materials-84). The results are shown
in Table 1. The formula of CH1.4O0.6 was calculated from
the ultimate analysis of BMFLPT.
Calcined dolomites with particle sizes of 5–10 and
10-15 mm were used as catalyst in the tests, and contained
about 30.5 wt.% CaO, 20.2 wt.% MgO and 45 wt.% CO2,
together with other minor mineral impurities, such as trace
minerals SiO2, Fe2O3 and Al2O3.
TABLE 1 - Proximate and ultimate analysis
of the BMF from leaves of phoenix trees (BMFLPT).
Proximate analysis
(wt. %)
Higher heating value (kJ/kg)
Moisture content
Volatile matter
Fixed carbon
Ash

19.496
10.00
62.44
17.16
9.95

Ultimate analysis
(wt. %)
C
H
O
N
S

42.540
4.884
31.352
1.072
0.202

viding, (iv) gas metering, cleaning and sampling, (v) temperature control, (vi) gas offline analysis (Fig. 1). The reactor was constructed from a stainless steel pipe and heated
by a 6-kw electric heater (a tiptop work temperature of
1000 ℃). The total height of the reactor was 1400 mm,
with an inner diameter of 80 mm. The biomass throughput
for this reactor was experimentally determined and ranged
between 0.2-2.0 kg/h. At the top of the reactor, the biomass
was fed by a variable speed metering motor. The steam of
140 ℃ was produced in a generator, and its mass flowrate was measured by a steam flow-meter. The produced
gas flow left the reactor at the bottom and passed through
a cyclone for clearing.
Experimental procedure

The BMFLPT feed-rate was determined over a range
of screw speeds prior to testing. To ensure the reliability
of testing data, the overall mass balance calculation was
performed for the test. At the start-up of each experimental run, the BMFLPT was added to the hopper, a
certain amount of catalyst was placed in the reactor, the
gasification stove and steam generator were turned on,
and the controllers were set at the selected operating temperatures. After bed temperature reached the desired level
and remained steady, the screw feeder and valve of steamgenerator were turned on and adjusted to the desired
rotation speed and flow-rate, respectively. Then, the test
began, and typically, after 5 min, a stable state was reached.
Normally, each experiment was repeated two times, and
the results showed a good agreement. To assess the gasification performance, the following variables were defined
and determined as follows:

Facility

The experimental set-up consisted of 6 main parts: (i)
an electric reactor, (ii) biomass feeding, (iii) steam pro-

The gas yield, GY (Nm3/kg):

GY =product gas(Nm3)/dry biomass (kg)

(1)

FIGURE 1 - Schematic diagram of biomass micron fuel (BMF) steam gasification (1. steam generator, 2. valve, 3. pressure-meter, 4. flow-meter,
5. screw feeder, 6. fixed bed reactor, 7. thermocouple, 8. catalyst, 9. electric furnace, 10. temperature controller, 11. cyclone, 12. condensation
pipe, 13. bottle for condensate, 14. filtration tower containing fibre balls, 15. gas-meter, 16. water-sealed bottle, 17. gas sample bag).
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Carbon conversion efficiency,

Sampling and gas analysis

η c (%):

12(CO2 + CO + CH 4 + 2C n H m )
η c＝
GY × 100%
22.4 ×（298 / 273）× C

(2)

where CO2, CO, CH4, CnHm (including C2H2, C2H4,
C2H6) are the gas concentrations in vol.%, and C is the
carbon content in the ultimate analysis of BMFLPT.
Low heating value (LHV) of dry product gas (kJ/Nm3):
LHV =
(30.0CO+25.7 H2+85.4 CH4+151.3 CnHm)×4.2 (kJ/Nm3) (3)

After separating the char carried in the gas product using the cyclone, the gas passed through a condensation pipe
and a filtration tower containing fibre-balls for drying and
cleaning purpose. The dried and pre-cleaned gas was sampled using gas bags, and analyzed using a gas chromatograph (Model GC-2010, SHIMADZU, Japan), equipped
with a GS-Carbon plot column (30 m×0.530 mm×3 µm)
and using helium as carrier gas, to detect the composition
of H2, O2, N2, CH4 ,CO, CO2, C2H2, C2H4 and C2H6 in the
produced gases.

where CO, H2, etc. are the gas concentrations of the
product gas.

Effect of reactor temperature

The gasification efficiency, η g (%):

ηg =

LHV × G y
low heating value of BMFLPT

(4)

× 100%

Steam decomposition, SD (%):
SD =

18 H 2
× Gy
22.4 × (S / B＋M / 100)

(5)

where S/B is steam to biomass ratio, and M is the total
moisture content in the feed.
The following reactions might occur in the process:
CH4＋H2O (g) ＝ CO＋3 H2－206 kJ

(6)

CH4＋2 H2O (g) ＝ CO2＋4 H2－165 kJ

(7)

C＋H2O (g) ＝ CO＋H2－131 kJ

(8)

C＋2 H2O (g) ＝ CO2＋2 H2－75 kJ

(9)

CO＋H2O (g) ＝ CO2＋H2－44 kJ

(10)

C＋CO2＝2 CO－172 kJ

(11)

Gas composition (vol.%)

RESULTS AND DISCUSSION

Temperature is crucial for the overall biomass gasification process. In the present work, reactor temperature was
varied from 700 to 900 ℃ in 50 ℃ increments. The effects
of temperature on gasification performance were studied,
and the results are presented in Table 2 and Fig. 2. From
Fig. 2, it can be seen that H2 concentration increased with
TABLE 2 - Experimental results of
using different reactor temperature.
Reactor temperature
700
750
800
850
900
(°C)
Gas yield (Nm3/kg
0.59
0.68
0.96
1.20
1.68
biomass)
Gas LHV (kJ/Nm3)
21113 19321 16658 13362 10752
Carbon conversion
53.95
58.28
75.68
84.24
99.87
efficiency (%)
Steam decomposition
6.86
9.80
17.04
26.34
45.65
(SD) (%)
Gasification efficiency
68.64
72.40
88.12
88.35
99.54
(%)
Hydrogen yield
0.12
0.17
0.30
0.47
0.81
(Nm3/kg biomass)
Biomass feed rate: 0.3 kg/h; steam rate: 0.4 kg/h; calcined dolomite
particle size: 10-15 mm; bed height of calcined dolomite:700 mm; S/B:
1.33；fuel size: ＜250 µm.

60
H2
CO
CO2
CH4
C 2H 4
C 2H 2
C 2H 6

50
40
30
20
10
0
700

750

800

850

900

Temperature (°C)
FIGURE 2 - Experimental results of temperature on gas composition.
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temperature and the content of CH4 showed an opposite
trend. According to Le Chatelier’s principle [2], higher
temperatures favored the reactants in exothermic and the
products in endothermic reactions. Therefore, the endothermic reactions (6)-(11) were strengthened with increasing temperature, which resulted in an increase of H2 concentration and a decrease of CH4 level. The content of CO
and CO2 was mainly determined by reactions (8)-(11). In
the temperature range of 700-850 ℃, the equation (11) resulted in a decrease of CO2, with temperatures over 850 ℃,
and reaction (10) was strengthened and CO content decreased sharply. So, a higher temperature was not favorable for CO production. As shown in Fig. 2, CO-content
was higher than that of CO2 below 850 ℃. As a result, the
gas LHV decreased with a decrease of CO and CH4 contents, as indicated in Table 2. Therefore, it could be inferred
that a higher temperature was more favorable for hydrogen
yield. C2H4 and C2H6 concentrations exhibited a downward
trend with increasing temperature. Lv et al. [2] found the
same trend, which can be attributed to a higher temperature
providing more favorable conditions for thermal cracking
and steam reforming. As temperature increased, more carbon and steam can be converted by reactions (8) and (11).
Then, carbon conversion efficiency, steam decomposition
and gasification efficiency increased with temperature (see
Table 2). It can also be found that the content of C2H4 was
more than those of C2H6 and C2H2 (Fig. 2).

are presented in Table 3 and Fig. 3. It is evident from
Table 3, that the introduction of steam from S/B 0 to 1.33
improved gas yield, hydrogen yield, gasification efficiency
and carbon conversion efficiency. But over the S/B range
1.33-2.67, all the mentioned parameters exhibited decreasing trends, attributed to excessive quantity of low- temperature steam lowered reaction temperature and then gas quality. As shown in Fig. 3, in the S/B range from 0 to 2.67,
CO concentration decreased and that of CO 2 increased
because of steam introduction. The contents of CH4, C2H2,
C2H6 and C2H4 varied only little. The optimal S/B ratio
was shown to be 1.33 (Fig. 3).

Table 2 showed that gas yield increased from 0.59 to
1.68 Nm3/kg BMFLPT, and hydrogen yield from 0.12 to
0.81 Nm3/kg BMFLPT in the temperature range. The product gas LHV decreased as temperature increased, and a
maximal value of 21113 kJ/ Nm3 was attained at 700 ℃.

Effect of particle size of calcined dolomite

Effect of steam to biomass ratio (S/B)

In these tests, the steam rate was varied from 0 to 0.8 kg/
h, while keeping all other conditions constant. The results

TABLE 3 - Experimental results of different S/B ratios.
Steam (kg/h)
0
0.2
0.4
0.6
0.8
S/B
0
0.67
1.33
2.0
2.67
Gas yield
1.43
1.53
1.68
1.57
1.37
(Nm3/kg biomass)
Gas LHV (kJ/Nm3)
11821 11308 10752
9841
8795
Carbon conversion
98.77
99.46
99.87
94.95
90.00
efficiency (%)
Gasification efficien93.15
95.34
99.54
85.14
66.40
cy (%)
Steam decomposition
—
70.00
45.65
28.58
17.13
(SD) (%)
Hydrogen yield
0.57
0.67
0.81
0.75
0.59
(Nm3/kg biomass)
Biomass feed rate: 0.3 kg/h; temperature:900 °C; calcined dolomite
particle size: 10-15 mm; bed height of calcined dolomite:700 mm; fuel
size: ＜250 µm.

Particle size of catalysts reported was mostly less
than 5 mm [13], but bigger particle size of calcined dolomite was used in the tests to determine the efficiency of
gasification. The experimental results with two fractions
of particle sizes (5-10 mm and 10-15 mm) hardly varied,
and clearly showed that they had little effects on biomass
gasification when their diameter was more than 5 mm
(Table 4, Fig. 4).

Gas composition (vol.%)

60
H2
CO
CO2
CH4
C 2H 4
C 2H 2
C 2H 6

50
40
30
20
10
0
0

0.67

1.33

2

2.67

S/B
FIGURE 3 - Experimental results of S/B ratios on gas composition.
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Effects of bed height of calcined dolomite

TABLE 4 - Experimental results of
different particle sizes of calcined dolomite.
Particle size of calcined dolomite (mm)
5-10
10-15
Gas yield (Nm3/kg biomass)
1.68
1.68
Gas LHV (kJ/Nm3)
10795
10752
Carbon conversion efficiency (%)
96.52
99.87
Gasification efficiency (%)
99.93
99.54
Steam decomposition (SD) (%)
47.28
45.65
Hydrogen yield (Nm3/kg biomass)
0.84
0.81
Biomass feed rate: 0.3 kg/h; steam rate: 0.4 kg/h; temperature: 900 °C; bed
height of calcined dolomite: 700 mm; S/B: 1.33; fuel size: 250 µm.

Catalysis of calcined dolomite depended on reaction
temperature, its particle size, as well as gas/solid contact
time. The bed height of calcined dolomite was varied to
change the contact time. The bed heights used in the tests
were 550, 700 and 850 mm, respectively.
Results in Table 5 and Fig. 5 show that H2 content increased, but those of CO and CO2 decreased with the increase of dolomite bed height. Gas yield increased slightly
with bed height, as well as steam decomposition and hydrogen yield. Carbon conversion and gasification efficiencies firstly increased, but then decreased with bed height,
for which the best value was 700 mm. Gas LHV and contents of the others (CH4, C2H4, C2H2 and C2H6) scarcely
varied.
CONCLUSIONS

FIGURE 4 - Experimental results of
particle size of calcined dolomite on gas composition.

TABLE 5 - Experimental results of bed height of calcined dolomite.
Bed height of calcined dolomite (mm)
550
700
850
Gas yield (Nm3/kg biomass)
1.58
1.68
1.70
Gas LHV (kJ/Nm3)
10875
10795
10667
Carbon conversion efficiency (%)
96.39
96.52
95.43
Gasification efficiency (%)
94.69
99.93
99.92
Steam decomposition (SD)(%)
41.74
47.28
48.93
Hydrogen yield (Nm3/kg biomass)
0.74
0.84
0.87
Biomass feed rate: 0.3 kg/h; steam rate: 0.4 kg/h; temperature: 900°C;
particle size of calcined dolomite: 5-10 mm; S/B: 1.33; fuel size: <250 µm.

Parametric tests, by varying the temperature, steam to
biomass ratio (S/B), particle size and bed height of calcined
dolomite as catalyst, have been performed to determine their
effects on product gas composition, gas yields, gas LHV,
carbon conversion efficiency, steam decomposition and hydrogen yield. Over the range of operating conditions tested,
gas yield varied between 0.59-1.70 Nm3/kg BMF; gas
LHV between 8795-21113 kJ/Nm3; carbon conversion efficiency between 53.95-99.87%, and steam decomposition
between 6.86-70%. Temperature was the most important
factor in this process. Higher temperatures favored hydrogen production and gas yield, but did not favor the heating value of gas products. Too high temperatures lowered
the gas heating value. This experimental study has confirmed that the introduction of steam to biomass gasification is favorable for improving product gas quality. However, excessive steam would lower gasification temperature,
thus degrading product gas quality. In the present study, the
optimal value of S/B was found to be 1.33. Increasing bed
height of calcined dolomite favored hydrogen production
and gas yield, but too high beds decreased gas LHV, gasification efficiency and carbon conversion efficiency. Calcined dolomite with particle size >5 mm had little effect
on biomass gasification performance.
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ABSTRACT

via rivers [2–4]. These studies have shown that the types
of major

We calculated the fluxes of major dioxin congeners
and TEQs from four major rivers in Miyagi Prefecture into
Sendai Bay, over the period 1999–2002. The relative magnitude of the annual averages of daily fluxes of 1,3,6,8- and
1,3,7,9-TeCDD were in the following order: Kyu-Kitakami
River > Naruse River > Abukuma River > Natori River. The
flux from the Kyu-Kitakami River to Sendai Bay accounted
for 49-84% of the total flux from the four rivers. The annual fluxes of major dioxin congeners tended to depend on
both the size of the land area covered by paddy fields in
the river catchments and the discharge rates of the rivers.
The highest fluxes calculated for Kyu-Kitakami, Abukuma,
Naruse, and Natori rivers were 690, 1100, 480, and 15 g/d,
respectively. These values are more than 10 times the averaged daily flux for each river. Total annual fluxes in toxicity equivalents (TEQs) for the four rivers were in the
range of 4.04-14.5 g WHO-TEQ/y, varying by a factor of
approx. 3 during the 4-years study period. Thus, we
believe, it is essential that studies of riverine fluxes of
dioxins to the sea span several years.

KEYWORDS:
dioxin flux, river, Miyagi Prefecture, Sendai Bay.

dioxin congeners, that are present, vary in different regions,
depending on the dioxin source. Because the point sources
of dioxins, as well as their concentrations and profiles vary
in different regions, it is necessary to estimate dioxin fluxes
independently in specific regions.
We investigated dioxin concentrations in sediments
from Sendai Bay off Miyagi Prefecture and in river waters
within the prefecture. The major dioxin congeners in the
sediments that we collected from Sendai Bay were 1,3,6,8and 1,3,7,9-TeCDD, and OCDD [5, 6]; these congeners
are commonly found as impurities in chlorinated pesticides,
such as chloronitrophen (CNP) and pentachlorophenol (PCP)
[11, 12].
Principal components analysis has shown that more
than 90% of PCDD/F concentrations in river waters collected from Miyagi Prefecture come from CNP and PCP
sources [13]. More CNP is shipped into Miyagi Prefecture
more than into any other prefecture in Japan, and shipments
of PCP into Myagi Prefecture are the sixth-highest of all
Japanese prefectures [7, 8]. As part of a program to estimate
dioxin flux into Sendai Bay over the last several decades,
we estimated the annual flux of major dioxin congeners discharged from the terrestrial environment into Sendai Bay
by four major rivers.

INTRODUCTION

MATERIALS AND METHODS

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and coplanar polychlorinated biphenyls (Co-PCBs), released into the terrestrial environment, can reach the marine environment, where they
accumulate in marine organisms, such as fish and invertebrates, and can then accumulate in humans who have eaten
seafood [1]. Numerous risk-assessment investigations have
estimated the flux of these pollutants from the land to the sea

Calculation of annual fluxes of 1,3,6,8- and 1,3,7,9-TeCDD
and of OCDD, and flux toxicity equivalents (TEQs)

The daily 1,3,6,8- and 1,3,7,9-TeCDD flux u (g/d)
from each river was calculated as follows:
u = w × x ..........

(1)

where w is 1,3,6,8- and 1,3,7,9-TeCDD concentration
calculated from the relationship between water flow-rate
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(m3/s) and 1,3,6,8- and 1,3,7,9-TeCDD concentration (pg/L)

in each river (Table 1); and x is the daily flow-rate (m3/d).

TABLE 1 - Linear relationships between dioxin concentrations and river discharges.
dioxin type
1,3,6,8-, and
1,3,7,9-TeCDD

river name

linear equation

r2

N

prediction limit

log Y = 1.81x log X - 2.09
0,76 4 log Y = 1.81 x log X - 2.09 + (0.31 x (1+1/4+(log X-2.48)2/0.85))1/2 x 0.82
Y = 2.36 X - 215
0,98 4 Y = 2.36 X - 215 + (40343 x (1+1/4+(X-508)2/1148205))1/2 x 0.82
Naruse
log Y = 0.82 x l og X + 0.85
0,94 4 log Y = 0.82 x l og X + 0.85 + (0.054 x (1+1/4+(log X-2.16)2/2.55))1/2 x 0.82
Y = 1.94 X + 56.1
0,99 4 Y = 1.94 X + 56.1 + (3519 x (1+1/4+(X-584)2/2639577))1/2 x 0.82
Natori
log Y = 0.76 x l og X - 0.25
0,92 4 log Y = 0.76 x l og X - 0.25 + (0.063 x (1+1/4+(log X-1.72)2/3.46))1/2 x 0.82
Y = 0.288 X + 16.6
0,98 4 Y = 0.288 X + 16.6 + (314 x (1+1/4+(X-260)2/522436))1/2 x 0.82
Abukuma
log Y = 1.22 x l og X - 1.19
0,94 4 log Y = 1.22 x l og X - 1.19 + (0.11 x (1+1/4+(log X-2.64)2/3.1))1/2 x 0.82
Y = 0.409 X - 23.8
0,99 4 Y = 0.409 X - 23.8 + (2469 x (1+1/4+(X-2081)2/33990748))1/2 x 0.82
OCDD
Kyu-Kitakami
log Y = 1.76 x l og X - 2.15
0,7
4 log Y = 1.76 x l og X - 2.15 + (0.61 x (1+1/4+(log X-2.48)2/0.85))1/2 x 0.82
Y = 1.25 X - 18.6
0,9
4 Y = 1.25 X - 18.6 + (75084 x (1+1/4+(X-508)2/1148205))1/2 x 0.82
Naruse
log Y = 0.77 x l og X + 0.53
0,93 4 log Y = 0.77 x l og X + 0.53 + (0.11 x (1+1/4+(log X-2.16)2/2.55))1/2 x 0.82
Y = 0.575 X + 41.7
0,99 4 Y = 0.575 X + 41.7 + (3025 x (1+1/4+(X-584)2/2639577))1/2 x 0.82
Natori
log Y = 0.81 x l og X + 0.17
0,96 4 log Y = 0.81 x l og X + 0.17 + (0.03 x (1+1/4+(log X-1.72)2/3.46))1/2 x 0.82
Y = 0.36 X + 13.0
0,99 4 Y = 0.36 X + 13.0 + (138 x (1+1/4+(X-260)2/522436)1/2 x 0.82
Abukuma
log Y = 0.89 x l og X - 0.43
0,93 4 log Y = 0.89 x l og X - 0.43 + (0.15 x (1+1/4+(log X-2.64)2/3.1))1/2 x 0.82
Y = 0.109 X + 42.8
0,98 4 Y = 0.109 X + 42.8 + (2452 x (1+1/4+ (X-2081)2/33990748))1/2 x 0.82
TEQs
Kyu-Kitakami
log Y = 2.24 x l og X - 6.06
0,63 4
log Y = 2.24 x l og X - 6.06 + (0.9 x (1+1/4+(log X-2.48)2/0.85))1/2 x 0.82
Y = 0.0053 X - 0.451
0,97 4
Y = 0.0053 X - 0.451 + (0.4001 x (1+1/4+(X-508)2/1148205))1/2 x 0.82
Naruse
log Y = 1.11 x l og X - 2.8
0,84 4
log Y = 1.11 x l og X - 2.8 + (0.28 x (1+1/4+(log X-2.16)2/2.55))1/2 x 0.82
Y = 0.0038 X - 0.0001
0,99 4
Y = 0.0038 X - 0.0001 + (0.0187 x (1+1/4+(X-584)2/2639577))1/2 x 0.82
Natori
log Y = 1.05 x l og X - 3.03
0,97 4
log Y = 1.05 x l og X - 3.03 + (0.042 x (1+1/4+(log X-1.72)2/3.46))1/2 x 0.82
Y = 0.0016 X - 0.0156
0,99 4
Y = 0.0016 X - 0.0156 + (0.0003 x (1+1/4+(X-260)2/522436))1/2 x 0.82
Abukuma
log Y = 1.43 x l og X - 4.46
0,88 4
log Y = 1.43 x l og X - 4.46 + (0.3 x (1+1/4+(log X-2.64)2/3.1))1/2 x 0.82
Y = 0.0013 X - 0.116
0,99 4
Y = 0.0013 X - 0.116 + (0.0379 x (1+1/4+(X-2081)2/33990748))1/2 x 0.82
X = daily flow-rate,. Y = dioxin concentration. .Linear relationships were determined from data collected between July 2000 and February 2003 from near the river mouths [13].
Kyu-Kitakami

We used published data [13] to determine the linear
equations, and then compiled Table 1. We obtained the
daily flow-rate for each river during 1999–2002 from published data [9]. For each river, we used the daily flow-rate
data from the recording station nearest to Sendai Bay. To
determine daily 1,3,6,8- and 1,3,7,9-TeCDD levels for each
river, we used one of the two equations shown in Table 1.
Correlation coefficients for the real number equations were
higher than those for the logarithmic equations. When flowrates were high, the daily dioxin fluxes were calculated from
the real number equations. When the flow-rate was near
zero, the daily dioxin fluxes were calculated from the real
number equation plotted near the intercept. A negative intercept implies negative daily flux. However, daily fluxes
calculated from the logarithmic equations were always positive. We, therefore, used the following approach to determine which equation to use. When the discharge was less
than a node between the real number equation and the logarithmic equation, we used the logarithmic equation. Otherwise, we used the real number equation.
The annual 1,3,6,8- and 1,3,7,9-TeCDD flux y (g/y)
from each river to Sendai Bay was then calculated as
follows:
y = Σu ……….

(2)

where Σu is the sum of the daily 1,3,6,8- and 1,3,7,9TeCDD flux discharges from each river to the bay over 1
year (g/y).
The annual average daily 1,3,6,8- and 1,3,7,9-TeCDD
flux z (g/d) for each river was calculated as follows:

z = Σu / 365 ……….

(3)

The same approach was used to calculate annual average daily flux of OCDD and TEQ.
RESULTS AND DISCUSSION
Daily river discharge

Figure 1 shows the published daily river discharge rates
for Kyu-Kitakami, Abukuma, Naruse, and Natori rivers
during 1999–2002 [9]. The summed average daily discharge
of the four rivers was 526 m3/s in 1999, 510 m3/s in 2000,
357 m3/s in 2001, and 401 m3/s in 2002, and their relative
magnitudes were ordered as follows: 1999 > 2000 > 2002
> 2001. The individual average daily discharges of the KyuKitakami, Abukuma, Naruse, and Natori rivers ranged between 165-296 m3/s, 139-182 m3/s, 38-65 m3/s, and 1221 m3/s, respectively, and their relative magnitudes were
Kyu-Kitakami > Abukuma > Naruse > Natori. The average
daily discharge of the Kyu-Kitakami was highest in 2000,
and those of the Abukuma, Naruse, and Natori, as well as
the summed daily discharge of the four rivers, were highest
in 1999. The maximum average daily discharges of each
of the four rivers were all observed in 2002: 1900 m3/s for
the Kyu-Kitakami, 5700 m3/s for the Abukuma, 1700 m3/s
for the Naruse, and 740 m3/s for the Natori. A typhoon, that
struck Miyagi Prefecture on 11th July 2002 [10], greatly
increased the average annual discharge at that time.
Calculation of daily fluxes of 1,3,6,8- and
1,3,7,9-TeCDD in relation to river discharge
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We calculated the daily fluxes of 1,3,6,8- and 1,3,7,9TeCDD by using the relationship between their concen-

trations in river water and daily river discharge rates (Eqn. 1,
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FIGURE 1 - Daily discharge between 1999-2002 of the Kyu-Kitakami, Abukuma, Naruse, and
Natori rivers in Miyagi Prefecture, Japan [9]. Annual average daily discharges for each river are also shown.

Table 1). Contamination by 1,3,6,8- and 1,3,7,9-TeCDD,
which are thought to be impurities in CNP pesticides [11,
12], has been frequently detected in paddy soils, river waters and river sediments [13-15], and in sediments from
Sendai Bay [5, 6]. Daily fluxes of 1,3,6,8- and 1,3,7,9TeCDD in the four rivers for each of the years (1999–
2002) are shown in Figure 2. The annual average daily
fluxes of 1,3,6,8- and 1,3,7,9-TeCDD were calculated from
equations 2 and 3. For the Kyu-Kitakami, Abukuma, Naruse, and Natori rivers, they ranged from 3.0 to 14 g/d, 1.0
to 4.4 g/d, 0.7 to 2.9 g/d, and 0.021 to 0.11 g/d, respectively.
The relative magnitudes of the annual average daily fluxes
of the four rivers were Kyu-Kitakami > Naruse > Abukuma
> Natori. The annual average daily flux of these congeners
from the Kyu-Kitakami River into Sendai Bay accounted
for 49-84% of the total flux from the four rivers, whereas
that from the Natori River only accounted for 0.13-0.83%.
The Kyu-Kitakami River was, thus, the major source of
1,3,6,8- and 1,3,7,9-TeCDD discharged into Sendai Bay.
The daily fluxes of 1,3,6,8- and 1,3,7,9-TeCDD increased with increasing river discharge (Figs. 1 and 2).
Periods during which discharge was higher than the average daily discharge, accounted for 18-36% of the year; the
fluxes of 1,3,6,8- and 1,3,7,9-TeCDD during these periods

accounted for 49-97% of the total annual fluxes. The highest daily fluxes of 1,3,6,8- and 1,3,7,9-TeCDD from the
four rivers were observed in 2002. For the Kyu-Kitakami,
Abukuma, Naruse, and Natori rivers, they were approximately 690, 1100, 480, and 15 g/d, respectively. These
values were more than 10 times the average daily flux for
each river. Therefore, days of high water-flow contributed
greatly to the annual fluxes of 1,3,6,8- and 1,3,7,9-TeCDD
from these rivers into Sendai Bay. During periods of flooding and high discharge, high levels of dioxin are observed
in river samples [16] and a modeling study [4]. Our calculations of dioxin fluxes were consistent with those in these
previous reports. There is a good correlation between dioxin concentration and that of suspended solids [13, 17].
Particulate-phase dioxins are known to be in higher concentrations than dissolved dioxins, and discharge occurs
mainly in the particulate phase [4]. High concentrations of
chemicals at times of high river discharge are thought to
be the result of resuspension of river sediments [18]. We
consider that particulate dioxins, resuspended from sediments during periods of high flow-rate, are the main contributors to dioxin fluxes into Sendai Bay.
Estimation of annual fluxes of 1,3,6,8-, and
1,3,7,9-TeCDD and OCDD into Sendai Bay, and flux TEQs
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We calculated the annual fluxes of 1,3,6,8- and 1,3,7,9TeCDD and of OCDD into Sendai Bay from the four major
rivers, as well as the flux TEQs, by integrating the daily
flux (Fig. 2, Eqn. 2) for each year from 1999 to 2002 (Table 2). 1,3,6,8- and 1,3,7,9-TeCDD and OCDD are considered to be impurities found in chlorinated pesticides [11,
12]. These congeners are major sources of the dioxins in the
river waters of Miyagi Prefecture [13] and sediments of
Sendai Bay [5, 6].
The annual fluxes of 1,3,6,8- and 1,3,7,9-TeCDD and
OCDD ranged from 2100 to 8500 g/y for the KyuKitakami River, 580 to 2200 g/y for the Abukuma River,
360 to 1400 g/y for the Naruse River, and 15 to 87 g/y for
the Natori River, and their relative magnitudes were KyuKitakami > Abukuma > Naruse > Natori. The areas under
paddy field in the vicinity of the Kyu-Kitakami, Abukuma, Naruse, and Natori rivers between 1999-2002 were
approx. 147742, 70260, 42762, and 9510 ha, respectively.
For these four rivers, the annual river water discharge
ranged from 1900 to 3400 km3/y, 1600 to 2100 km3/y,
440 to 750 km3/y, and 140 to 240 km3/y, respectively.
The annual fluxes of 1,3,6,8- and 1,3,7,9-TeCDD and
OCDD were highest in the Kyu-Kitakami River, where
both the area of paddy fields and the water discharge were
greatest. In contrast, the annual fluxes of these contaminants were lowest in the Natori River, where both the area
of paddy fields and the water discharge were smallest.
These results suggest that the annual fluxes of 1,3,6,8-

and 1,3,7,9-TeCDD and OCDD are dependent on the land
area under paddy fields in the river catchments and, by
extrapolation, the amount of chlorinated pesticides (CNP
and PCP) used in the rice-growing areas.
The summed annual fluxes (in TEQs) for the four
rivers during 1999-2002 ranged from 4.04 to 14.5 g
WHO-TEQ/y. In previously published reports, the total
flux from 6 rivers into Tokyo Bay was 12.6 g-TEQ/y [4];
from the Kymijoki River to the Gulf of Finland, the value
was 44 g I-TEQ in 2001 [3]. Thus, the TEQs of the fluxes
into Sendai Bay and Tokyo Bay were similar, although
the major sources of the dioxins and the water discharges
for these two regions were different. The TEQ values for
the fluxes into Sendai Bay (calculated as WHO-TEQ)
were lower than for those into the Gulf of Finland (calculated as I-TEQ), although I-TEQ values are sometimes
slightly lower than WHO-TEQ values [19, 20].
1,3,6,8- or 1,3,7,9-TeCDD, as well as OCDD and
TEQ concentrations, were highest in the Kyu-Kitakami
River in 2000, but highest in the Naruse and Natori rivers
in 1999. In years when flow-rates were high, dioxin concentrations also tended to be high (Fig. 1). In the Abukuma River, major dioxin and TEQ levels were highest in
2002, despite the flow-rates being lower than in 1999. In
2002, the highest flow-rate of the study period was observed in the Abukuma River as a result of a typhoon
[10]. This suggests that typhoon-related high flow-rates
caused the high major dioxin and TEQ concentrations.
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FIGURE 2 - Daily fluxes between 1999-2002 of 1,3,6,8- and 1,3,7,9-TeCDD to Sendai Bay from the Kyu-Kitakami,
Abukuma, Naruse, and Natori rivers. Annual average daily fluxes of 1,3,6,8- and 1,3,7,9-TeCDD for each river are also shown.
TABLE 2 - Calculated annual flux of dioxins (g/year) from the Kyu-Kitakami, Abukuma, Naruse, and Natori rivers to Sendai Bay.
species

year

Kyu-Kitakami River

Abukuma River

Naruse River

Natori River

total

1,3,6,8-and 1,3,7,9-TeCDD

1999

4000
(2500, 5500)

1100
(930, 1300)

1100
(950, 1200)

40
(33, 49)

6200
(4400, 8000)

2000

5000
(3300, 6700)

520
(370, 660)

410
(240, 500)

7,6
(5.0, 12)

5900
(4000, 8000)

2001

1100
(350, 2100)

370
(260, 490)

260
(210, 330)

14
(10, 20)

1700
(820, 2900)

2002

2400
(1500, 2500)

1600
(1500, 1700)

860
(790, 950)

23
(19, 28)

4900
(3800, 6200)

1999

2900
(900, 4700)

480
(320, 700)

360
(270, 460)

46
(42, 52)

3800
(1500, 5900)

2000

3500
(1100, 5900)

280
(160, 460)

150
(100, 220)

7,7
(6.0, 10)

4000
(1400, 6600)

2001

1100
(130, 1700)

210
(120, 360)

100
(61, 160)

15
(13, 19)

1400
(320, 2200)

2002

1800
(700, 2600)

570
(440, 750)

280
(230, 360)

26
(23, 29)

2700
(1400, 3700)

1999

9,19
(4.43, 13.1)

3,3
(2.66, 3.93)

1,84
(1.59, 2.09)

0,167
(0.160, 0.175)

14,5
(8.84, 19.3)

2000

11,5
(6.02, 17.0)

1,46
(0.963, 1.92)

0,662
(0.502, 0.83)

0,017
(0.014, 0.020)

13,7
(7.50, 19.8)

2001

2,58
(0.47, 3.79)

1,02
(0.649, 1.39)

0,391
(0.263, 0.528)

0,0429
(0.0384, 0.0478)

4,04
(1.42, 5.75)

2002

5,56
(3.02, 7.15)

4,87
(4.39, 5.38)

1,54
(1.38, 1.71)

0,0916
(0.0874, 0.0963)

12,1
(8.87, 14.3)

OCDD

TEQs

( , ) lower and upper value of prediction limit

The greatest interannual variability of flux (in TEQs)
over the period 1999–2002 was observed in the Naruse
River, where it ranged from 0.017 to 0.167 g WHO-TEQ/y,
whereas the least one of OCDD was observed in the Abukuma River, where it ranged from 210 to 570 g/y. Thus,
the annual fluxes of 1,3,6,8-, 1,3,7,9-TeCDD, OCDD and
the TEQs varied by factors ranging from approx. 3-10 in
individual rivers during the 4-years observation. Interannual variations in the summed fluxes of 1,3,6,8- and
1,3,7,9-TeCDD for the four rivers ranged between 17006200 g/y, and those of OCDD between 1400-4000 g/y.
Interannual variations in the summed TEQs of the four
rivers were from 4.04 to 14.5 g WHO-TEQ/y. Thus, the
summed fluxes of the major dioxin congeners and TEQs of
the four rivers varied by a factor of approx. 3 during the 4years study period. Our study shows that dioxin fluxes vary
considerably from year to year. Therefore, we consider it
to be essential that investigations of riverine fluxes of dioxins to the sea are carried out over a span of several years.
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EFFECTS OF PROLINE ON MAIZE
EMBRYOS CULTURED IN SALT STRESS
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ABSTRACT
Effects of NaCl (50, 100 and 150 mM), proline (2.5,
5 and 10 mM), and their combinations on growth and contents of chlorophyll, proline, soluble protein and polyphenol oxidase (PPO E.C. 1.10.3.1) activity of maize (Zea mays
cv. Merit) seedlings cultured in vitro were investigated.
NaCl decreased seedling growth, fresh weight and chlorophyll content, while soluble protein and proline contents
were increased. Proline added to control seedlings decreased
root length and fresh weight, but did not change shoot
length. Also proline increased chlorophyll, soluble protein
and proline contents. When proline was added into the medium of NaCl-treated seedlings, growth, chlorophyll, soluble protein and proline contents were increased, in comparison to seedlings treated only with NaCl. PPO activity
was increased by 5 mM proline treatment in all tissues of
the maize seedlings growing in the salt medium. The results
suggest that proline may play a role as an enzyme protector
under conditions of salt stress.

KEYWORDS: embryo culture, chlorophyll, maize, polyphenol oxidase, proline, salt, soluble protein.

INTRODUCTION
Salinity is one of the major stresses, which reduces
plant growth and yield. Plants are stressed in two ways
when exposed to conditions of high salt: 1. by an increased
osmotic potential of the rooting medium in response to a
high solute content, and 2. by the toxic effects of high concentrations of the ions. Salt stress results in a wide variety
of physiological and biochemical changes in plants. Among
these are accumulation of low-molecular-weight solutes,
such as proline, commonly referred to as compatible solutes, and changes in free polyamine levels. The physiological significance of these responses in higher plants is a
matter of controversy, because direct evidence for the role
of proline or polyamines during acclimation to stress conditions remains tenuous [1].

Proline accumulation in plants subjected to salt stress
has been indicated in several reports [2]. There are also
several reports on the role of proline in plant salt tolerance. Many researchers have ascribed a positive role to
proline under stress conditions. Possible functions of proline
include maintaining osmoregulation [3], stabilizing proteins [4], and protecting cell membrane and cytoplasmic
enzymes [5]. In light of the above, proline accumulation
has even been suggested as a measure of salt tolerance [6].
In comparison, some researchers claim that proline accumulation is a coincidental result of metabolic irregularities created by salt stress, and therefore it has no adaptive
value [7-8]. Hanson et al. [9] considered proline accumulation to be a symptom of damage. According to Stewart
and Lee [10], proline is an osmotic agent. Other researchers have suggested that proline degradation provides a
source of energy, and carbon and nitrogen sources for the
facilitated recovery of tissues following stress conditions
[11]. As well, proline is considered to play an important
role in the defense mechanisms of stressed cells, which can
ameliorate shifts in the redox potential by replenishing the
NADP+ supply. Thus, the physiological role of proline in
plants under salt stress is still uncertain.
To date, studies on salinity have focused predominantly on germination percentage and growth of seedlings
and plants. There are several studies on the effect of salinity on the enzymes involved in seed reserve mobilization,
such as amylase [12], protease [13], and RNAse [14]. A
number of oxidation systems other than the major oxidative phosphorylation chain within the mitochondria have
been reported in seeds and seedlings. Typically, these systems may either interfere with normal respiration, or they
may play a role in the recycling of reducing equivalents.
One important system, wherein some phenols are oxidized
to quinones, involves polyphenol oxidase [15]. This enzyme
has been studied in a number of plants in relation to diseases, wounding [16], hormonal regulation [17], enzymatic
browning [18], and germination [19]. However, data concerning its modulation under salt stress is lacking.
We have not encountered any report on the response
of PPO to NaCl and proline in maize seedlings. Therefore,
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the aim of this study was to research the effect of proline
on the growth of maize seedlings cultured in vitro under
saline conditions with respect to some biochemical parameters, such as chlorophyll and protein contents as well as
PPO activity.

was read at 520 nm against pure toluene as a zero blank.
The proline concentration was determined from a standard
curve and calculated on a fresh weight basis as follows:
[(µg proline/ml x ml toluene) / 115.5 µg/µmole]/ [(g samples)/5] =
µmoles proline/g of fresh weight material [22].

Determination of PPO activity

MATERIALS AND METHODS
Plant material and growth conditions

Seeds of maize (Zea mays cv. Merit) were surfacesterilized by soaking in 1 % sodium-hypochloride for 10 min
and washed with distilled water. Embryos of the seeds were
excised and transferred into glass jars containing sterile
Murashige and Skoog (1962 MS) medium, without hormones. The pH of the medium was adjusted to 5.7 with
KOH. Agar (0.6 %) and sucrose (3 %) were added. This
basal nutrient medium was modified by the addition of
NaCl (50, 100 and 150 mM), proline (2.5, 5 and 10 mM),
or a combination of them. The basal medium was used as
control. The embryos were grown for 7 days in a growth
chamber (temperature of 24 oC, photoperiod 14 h, irradiance of 222 µmol m-2 s-1 (400-700 nm) photon flux density). After 7 days, plants were harvested and lengths and
fresh masses of roots and shoots were recorded.
Determination of chlorophyll content

Chlorophyll (Chl) was extracted with 80% acetone from
leaves after sedimentation by centrifugation at 6,000 rpm for
15 min. Absorbance of the extracts was measured spectrophotometrically (Shimadzu UV 1208, Tokyo, Japan) at 645
and 663 nm. Arnon’s formula [20] was used for the estimation of chlorophyll a, b and total chlorophyll.
Determination of soluble protein content

Quantitative protein determination of the tissues was
carried out spectrophotometrically at 595 nm according to
Bradford’s method [21] after extraction in 0.05 M phosphate buffer (pH 6.5), with bovine serum albumin as a
standard.
Determination of proline content

0.5g of plant material was homogenized in 10 ml of
3% aqueous sulphosalicylic acid (Sigma St. Louis, MO,
U.S.A.) and the homogenate was filtered through a Whatman #2 filter paper. These filtrates typically reacted with
an acid-ninhydrin solution, which was prepared by warming 1.25g ninhydrin in 30 ml glacial acetic acid and 20 ml
6 M phosphoric acid, with agitation, until dissolved. Stored
at 4 oC, the reagent remains stable for 24 h. Two-milliliter
samples were incubated with 2 ml of reagent solution in a
test tube for 1 h at 100 oC, and the reaction was terminated in an ice-bath. The reaction mixture was extracted with
4 ml toluene and vortexed vigorously for 15-20 seconds
in a test tube. The toluene-solubilized chromophore
(upper phase) was separated from the aqueous phase via
aspiration, warmed to room temperature, and absorbance

Fresh tissue samples (0.5 g) from root, stem and leaf
of the seedlings were homogenized with 5 cm3 cold 0.05 M
sodium phosphate buffer (pH 6.5) for 2 min and filtered,
before being centrifuged at 20,000g for 15 min at 4 oC.
Then, the enzyme activities were immediately determined
spectrophotometrically as described by Jennings and Duffus [18]. 3,4-Dihydroxyphenylalanine (DOPA; 10 mM),
prepared in 0.1 M (pH 6.5) sodium phosphate buffer, was
used as a substrate. The reaction mixture containing 2.8 cm3
of substrate solution and 0.2 cm3 of crude extract was incubated at room temperature for 2 min. The absorbances of
the mixture were measured spectrophotometrically (Shimadzu UV 1208 spectrophotometer) at 420 nm. The mixture without crude extract served as a blank.

RESULTS AND DISCUSSION
All glycophytes showed a reduction in growth, with
regard to NaCl-induced stress. Lowered water potential
and impairment in metabolic processes by NaCl are ultimately responsible for the inhibition of the overall growth
[23]. In this study, growth was greatly affected, since rootshoot lengths and fresh weight decreased parallel with the
salt concentrations. Salt has a more negative effect on root
than shoot (Fig. 1). Chlorophyll a and b contents were
greatly reduced with decreasing water potential of the
growth medium by the addition of salt (Fig. 1). Similar
results reported that growth, chlorophyll content and mineral uptake are significantly reduced under abiotic stress
conditions [2, 24, 25]. NaCl increased the soluble protein
contents in the root, stem and leaf tissues (Fig. 2). Increasing soluble protein content induced by NaCl has been reported previously [26, 27], and proline addition has been
found to increase the soluble protein content in saline
medium [28]. Similar trends have been reported previously
in the sense that, with increasing NaCl concentrations, the
photosynthetic rate decreased and fresh mass and root
length of the regenerates declined. NaCl also induced the
formation of new proteins [29]. In the present study, proline
application caused reductions of root-shoot lengths and
fresh weight parallel to the proline concentrations and increased the chlorophyll, protein and proline content. Proline
displayed a more negative effect on root than on shoot
development. The negative effect of NaCl on elongation and
fresh mass of shoot in the maize seedlings was alleviated
in the combination of 150 mM NaCl + 10 mM proline
(Fig. 1). Other trials (50, 100 mM NaCl and 2.5 and 5 mM
proline) were not presented herein, because they did not
show a similar positive effect under salt stress conditions.
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FIGURE 1 - Effect of 10 mM proline (P), and 150 mM NaCl (S), and their combination (P+S) on length, fresh mass and
chlorophyll a + b contents of maize seedlings. Presented is the mean ± standard error for triplicate samples. Bars represent SE. (C- control).
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FIGURE 2 - Effect of 10 mM proline (P), and 150 mM NaCl (S), and their combination (P+S) on protein and proline
contents in maize seedlings. Presented is the mean ± standard error for triplicate samples. Bars represent SE. (C- control).

Organisms tolerate abiotic stresses by accumulating a
variety of cytosolutes, termed compatible solutes [30]. Proline is one of the compatible solutes, which accumulates substantially in stressed plants [31]. Proline, sugars and sucrose
facilitate osmotic adjustment during stress [32, 33], and
protect the native structure of macromolecules and membranes during extreme dehydration [34, 35]. Consequently,
proline represents an important parameter to measure the
stress tolerance capacity of the plants [31]. In our study,
the endogenous proline and soluble protein contents of the
maize seedlings were also increased by NaCl or proline
treatments (Fig. 2). Similar trends have been reported in
cases where exogenously applied proline has been easily
absorbed by roots and transported to stem and leave [36].
NaCl + proline combination ameliorated reductions of
root-shoot lengths and fresh weight, and increased chlorophyll, protein and proline content in salt media (Figs. 1
and 2). However, proline was seen to overcome salinity
stress at 10 mM concentration. Lower concentrations of

proline (2.5 and 5.0 mM; data not shown) were also examined in this study, but these concentrations were inadequate to overcome the effects of salt stress. One mechanism of salt tolerance involves an osmotic adjustment [37]
that implies a net increase of solutes, a compartmentation
of Na+ and Cl- ions inside the vacuole, and an accumulation of organic solutes in the cytosol. Among these solutes,
proline may constitute 50% or more of the amino acid
fraction, and 10-20% of the dry matter in several halophytes [38].
PPO is one of the major enzymes responsible for oxidation of phenolic compounds [39]. PPO activities had not
changed markedly in any tissues treated with NaCl, when
compared against control tissues. In 50 mM NaCl medium,
5 mM proline concentration increased the PPO activity,
whereas 10 mM proline did not alter the activity, in comparison to controls in all tissues. In 100 mM NaCl medium, 5 and 10 mM proline concentrations did not change
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the activity. In 150 mM NaCl medium, 5 and 10 mM proline concentrations decreased the PPO activity with respect
to controls in all tissues (Fig. 3). In another study conducted
on spinach, the PPO activity was increased by the exogenous application of praline, whereas it was decreased by
NaCl. PPO activities were also increased by the addition
of proline + NaCl [40]. In the present study, 5 mM proline
treatment increased PPO activity in all the tissues of the
maize seedlings growing in the presence of 50 mM NaCl
(Fig. 3). This result is in agreement with previous ones [4143], indicating that proline protects enzymes under saline
conditions of the salt stress. This protection may be in the
form of some structural modulations which keep them active under salt stress, or may be protecting the enzymes
against proteolytic degradation.
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ABSTRACT
Determination of cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), manganese (Mn), nickel
(Ni) and lead (Pb), and the effects of cooking on these metal
levels were determined by atomic absorption spectrophotometer in mussel samples (Mytillus galloprovincialis, n:30).
The samples were collected from Eminönü, İstanbul. The
concentrations of heavy metals were expressed as mg kg -1
wet weight of tissue. The results of cooked and un-cooked
mussel samples were statistically compared. With regard to
the un-cooked samples, decrease in Cu, Co, and Ni concentrations was very significant (P<0.01), whereas that of Cd,
Mn, and Cr was not significant (P>0.05). The decrease of
Pb and Fe values was also significant (P<0.05).

KEYWORDS: Mussel, Mytillus galloprovincialis, microwave cooking, heavy metals, trace elements.

INTRODUCTION
Environmental pollution represents a major problem
in both developed and underdeveloped countries. Aquatic
ecosystems may receive anthropogenic pollutants originating from various sources located at the catchment area
or at distant places. Many pollutants, including heavy metals, are toxic to aquatic organisms and cause their lethal or
sub-lethal deterioration. Mussels are worldwide recognized
as pollution bioindicators because they accumulate pollutants in their tissues at elevated levels in relation to pollutants biologically available in their aquatic environment. It
is well-known that molluscs accumulate organic and metallic pollutants at levels several orders of magnitude
above those observed in the field environment [1, 2].
Among molluscs, mussels are extensively used in environmental monitoring studies, such as the Mussel Watch
Program, as bio-indicators of heavy metal pollution [3-5].

Many ecological changes occur in water as a result of
human activities, including agricultural, industrial and municipal wastes [6]. Cd, Cu, and Pb are usually found in
agricultural and industrial liquid wastes discharged into
water resources [7-9]. These metals are toxic to aquatic life
at low concentrations, particularly in soft-water environments [10]. Such metals may be accumulated from water to
higher levels in seafood [11]. Many elements, which are
present in seafood, are essential for human life at low concentrations, but may be toxic at high concentrations. Therefore, most consumers regard any presence of these elements as a hazard to health [12]. Chromium, copper, and
nickel are considered to be essential trace nutrients [13],
whereas heavy metals, such as cadmium, cobalt, and lead,
are non-essential ones being toxic, even in traces. The consumption of seafood will impose health hazards on humans. Many metals and metallic compounds found in the
marine environment pose a risk to human health through
the consumption of seafood, wherein contaminant concentration and exposure are significant [14].
The population of the İstanbul metropolitan area rapidly increased after the industrial revolution since 1970
because of immigration from all undeveloped regions of
Turkey. Nowadays, as a result of the large population exceeding 10 millions, there are administrational, social and
economic, but also surface water impoundment pollution
problems in İstanbul.
In this study, the concentrations of heavy and trace
metals in Mytillus galloprovincialis mussel; including Cd,
Cr, Co, Cu, Fe, Mn, Ni and Pb, and the effects of microwave cooking on their levels were determined.
MATERIALS AND METHODS
Sampling

Mussels, M. galloprovincialis (Lamarck 1819), were
obtained from fishermen along Eminönü, İstanbul, at the
coast of Marmara Sea, northwestern Turkey.
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Samples were collected between May and June 2003.
Thirty specimens were placed in a glass tank and brought
to the laboratory. The wet weight (g), length (mm), width
(mm), and age of the samples were determined.
The same dissected mussel samples were divided into
two groups, (uncooked and cooked group), then stored in
an insulated box containing ice cubes and deep-freezed
(-20 0C) in the laboratory until analysis. The analyses were
done within one week.
Cooking of the mussel samples was carried out in a
microwave oven (2450 MHz, 10 min), within the temperature range recommended by the manufacturer.
Dry ashing

The mussel samples (ca. 1-2 g) were placed in a highform porcelain crucible, and furnace temperature was slowly
increased from room temperature to 100 oC within 2 h. The
samples were ashed at about 450 oC for one night, until a
white or grey ash residue was obtained. The residue was dissolved in a mixture of 4 ml HNO3 (65% v/v) and 8 ml perchloric acid (60% v/v) and filtrated through a Whatman
No. 42 filter paper. The solution was transferred to a 25-ml
volumetric flask and made up to volume [15]. A blank digest was carried out in the same way. All metals were determined against aqueous standards.
Analytical Procedure

Determinations of Cu, Cd, Fe and Mn were carried out
by AAS (Perkin Elmer 3110), and that of Co, Cr, Ni and Pb
by graphite furnace-AAS (Perkin Elmer AA800). Stock
standard solutions of Cd, Co, Cr, Cu, Fe, Mn, Ni and Pb
(1000 mg/L) were obtained from Merck (Darmstadt, Germany). The heavy metal analyses were recorded as means
± standard errors (S.E.) of triplicate measurements. The
concentrations of Cd, Cr, Co, Cu, Fe, Mn, Ni and Pb were
expressed as mg kg-1 wet weight of tissue. The following
wavelengths were used for the studied metals (nm): Cd
228.8, Co 224.8, Cr 257.9, Cu 240.7, Fe 248.3, Mn 279.5,
Ni 232.0, and Pb 283.3.

Reagents and Quality Assurance

All reagents used were of analytical grade (Merck).
Standard working solutions of the different elements analysed were prepared from the corresponding 1000 mg/L
Merck Titrisol solutions. Sample blanks were analyzed after
every 7-10 samples. Analytical blanks were run in the
same way as that of standard solutions prepared in the
same acidic matrix. Good laboratory practice (GLP) was
applied throughout experiments. For all elements, the blank
concentrations were lower than the respective detection
limits. The quality of the analytical data was checked by the
analysis of certified reference materials (mussel tissues
BCR CRM 278R) and comparison of the results with certified values. Replicate analyses of these reference materials
showed good accuracy, with recovery rates for metals between 88-104% for mussel samples. These standards (in
powder form) were prepared and analysed as the mussel
samples. Instruments were calibrated with standard solutions prepared from the commercial materials.
RESULTS
Immediately after collection, the length and weight of
the mussels was measured. Information on the length,
weight, and age (biometric data) are illustrated in Table 1.
The t-test results of metal levels (mg kg-1 wet weight in uncooked and cooked mussels from Eminönü, İstanbul) are
summarized in Table 2.
TABLE 1
Biometric data of Mytilus galloprovincialis (Lamarck, 1819).
Mussles (n =30)
Weight (g)
Length (mm)
Width (mm)
Age (years)

Mean
32.85
83.97
41.55
11.1

Range
22.07-47.27
73.04-96.77
36.63-49.77
8-14

TABLE 2 - The concentrations of the metals (mg kg-1 wet weight) in uncooked and cooked mussels from Eminönü, İstanbul.
Metals
Cu

Procedure
Mean
Un-cooked
0.04
Cooked
0.01
Cd
Un-cooked
0.29
Cooked
0.24
Fe
Un-cooked
0.79
Cooked
0.46
Mn
Un-cooked
0.09
Cooked
0.08
Cr
Un-cooked
0.33
Cooked
0.31
Co
Un-cooked
0.03
Cooked
0.01
Ni
Un-cooked
0.28
Cooked
0.07
Pb
Un-cooked
0.15
Cooked
0.13
* Values below the limit of detection were set to zero

Range
0.00*-0.11
0.00-0.05
0.13-0.45
0.12-0.36
0.50-4.80
0.50-1.67
0.00-0.34
0.00-0.21
0.00-0.86
0.00-1.76
0.00-0.21
0.00-0.04
0.00-2.21
0.00-0.19
0.03-0.50
0.00-0.33
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Standard Deviation
0.030
0.012
0.085
0.070
1.029
0.467
0.088
0.061
0.404
0.207
0.059
0.011
0.451
0.054
0.119
0.061

Standard Error
0,005
0,002
0,015
0,012
0,187
0,085
0,016
0,011
0,073
0,037
0,010
0,002
0,082
0,009
0,021
0,011
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The length, width and weight of mussel samples
ranged between 73.04-96.77 mm, 36.63-49.77mm and
22.07-47.27mm, respectively, and the age of them from 8
to 14. According to statistical analyses, there was a significant correlation between age and metal uptake (P<0.05),
and metal accumulation increased with age. In mussel
samples, Fe was the important element, whereas Cu, Mn,
and Co were found in lower levels.
The mean copper or cadmium concentrations of uncooked and cooked mussels were found to be 0.04 and
0.01 or 0.29 and 0.24 mg kg-1 wet weight, respectively.
Levels of iron and manganese (uncooked and cooked
mussels) ranged from 0.50 to 4.80 and 0.50 to 1.67, from
0.0 to 0.34 and 0.0 to 0.21 mg kg-1 wet weight, respectively.
The mean levels of chromium, cobalt, nickel and lead
of un-cooked/cooked mussels were found to be 0.33/0.31,
0.03/0.01, 0.28/0.07 and 0.15/0.13 mg kg-1 wet weight,
respectively.
DISCUSSION
The metal levels determined in the mussel samples
were significantly lower than those reported by other authors in samples from the Italian Sea [16, 17].
Mussel sample results were compared with international standards for Cr (1 µg/g fresh weight), Cd (2 µg/g
fresh weight), Cu (10-30 µg/g fresh weight) and Pb (1-6 µg/g
fresh weight) in molluscs/shellfish compiled by the Food
and Agricultural Organization (FAO) of the United Nations
[18], showing low concentrations in M. galloprovincialis.

tein content of the fish parts, hence heavy metals usually
bind with proteins.
Gökoğlu et al. [28] aimed to determine the effects of
different methods of cooking (frying, boiling, grilling,
baking and microwave-cooking) on the proximate composition and mineral contents of rainbow trouts. The change
in Fe after cooking was found to be insignificant (P>0.05),
but the decrease in Mn to be significant (P<0.05), for all
cooking methods used. The Cu content of fried fish (P<
0.05) increased significantly, whereas insignificant decreases
were observed in the other samples.
Atta et al. [29] determined the distribution of heavy
metals in Tilapia nilotica held in water containing extreme
concentrations of cadmium, copper, lead and zinc salts. The
influence of cooking on the concentrations of the metals
was also determined. Cooking is of limited value as a means
of reducing the heavy metal levels. The reduction depends
on cooking conditions (time, temperature and medium of
cooking). Therefore, it is possible to reduce the metals in
fish parts by choosing a suitable method of cooking.
Ersoy et al. [30] reported a significant Pb decrease (P<
0.05) in sea bass (Dicentrachus labrax) for baking and microwave cooking methods, with respect to the raw control.
Changes in Cr were found to be insignificant, similar to
the present study. Atta et al. [29] has also reported a Pb
decrease in Tilapia nilotica after baking.
In the present study, the decrease in Cu, Co, and Ni
was very significant (P<0.01) for cooked samples compared
to the un-cooked ones, whereas the decrease in Cd, Mn,
and Cr was not significant (P>0.05). The decrease in Pb
and Fe was also significant (P<0.05).

The high metal levels found in some mussels could be
correlated with various factors, such as presence of industrial areas, previous volcanic activity, and scarce exchange
of the waters due to the particular coastal configuration.
The Cu, Cd, Cr, Co, Ni and Pb concentrations of uncooked (raw) M. galloprovincialis mussels were found to
be 0.04, 0.29, 0.33, 0.03, 0.28 and 0.15 mg kg-1 wet weight.
Cu value is lower than those reported by Irato et al. [19],
Saavedra et al. [20], and Kljakovic-Gaspic et al. [21].
Cd and Pb values are lower than those of Odzak et al.
[22], Licata et al. [23], and Saavedre et al. [20], who found
also lower Ni and Cr levels.
Fe and Mn concentrations in mussel samples from the
Turkish coast of the Black Sea were determined in 19971998 by Topcuoğlu et al. [24], and also from coastal sites
along the Chinese Bohai Sea by Wang et al. [25], both being
higher than the levels in the present study.
The reduction in metal contents of the fish during
cooking may be related to their release as free salts with
the loss of water, possibly in association with soluble amino
acids and uncoagulated proteins [26]. Howarth and Sprague [27] found that the cooking process decreased the pro-
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ABSTRACT

continued use and usefulness of these traditional cures for
different cultures in the Southern African region.

Clay samples used by people of Southern Africa for
cosmetic and medicinal purposes were mineralogically
characterised to determine their mineral constituents, and
their effect on test microorganisms determined to elucidate their potential antimicrobial activities. Munsell Colour tests, X-ray diffractometry and scanning electron microscopy techniques were used in mineralogically characterising the samples. Standard microbiological techniques
were employed to determine the sensitivities of Staphylococcus aureus, Bacillus subtilis, Micrococcus luteus, Pseudomonas aeruginosa, Escherichia coli and Candida albicans to extracts of clay samples. Mineralogy results of the
clay samples depicted three main colours with their related
shades being yellow dominated by goethite, red consisting
of haematite, and white composed mainly of kaolinite, but
illite and montmorillonite being also present. Most of the
clays were not of a homogeneous single phase component
but often contained two or three clear different groups of
minerals. Morphologically, the Fe-rich minerals appeared
to be in two groups: the needle-like structures and fractured flakes with large areas of clear compacted platelets.
The aluminosilicate clays had colours ranging from yellowish to white. Some were Si-rich and consisted mainly
of quartz. Some of the clay samples clearly demonstrated
antimicrobial activities. The clays were grouped into six
broad groups according to their antimicrobial activity and
based on their colours (brown, red, yellow, white, pink, and
dark green/grey). The red and brown clays were moderately (++)-to-highly (+++) active against Gram+ and Grambacteria, but showed no anti-Candida activity. The yellow
clays showed no antimicrobial activity while the white, pink
and gray-green samples were highly active against both
Gram-positive and negative bacteria, and against Candida
sp. This calls for further investigation on the microbiology
of these clays used for cosmetic and medicinal purposes. If
health benefits are to be linked to such clays, they must be
further explored to understand the science supporting the

KEYWORDS: antibacterial, antifungal, antimicrobial agents, environmental health perspectives, goethite, haematite, kaolinite.

INTRODUCTION
Clay remains one of the most complicated natural raw
materials to define because of its very wide scope of uses
and applications [1]. From a geological point of view, clay
is both a rock term which refers to fine-grained earthy material composed largely of phyllosilicate minerals known as
clay minerals, as well as a particle size term used to categorize very fine particles usually <4 µm in size [2]. Clay
minerals could be classified based on their mineralogy and
industrial applications [3]. Clays could be amorphous or
crystalline. Crystalline clay minerals include the 1:1 clay
minerals (kaolinite, nacrite, dickite and halloysite), 2:1 clay
minerals (montmorillonite, vermiculite, sauconite,
nontronite, saponite, illite), the mixed layer type (chlorite), and the chain structure type (palygosrkite, sepiolite,
attapulgite) [2]. Clay usage and application date several
centuries back; evident from information traced back to 60
BC [4]. Technically, the use of any clay is dependent on
the type of clay minerals, clay particle morphology, clay
particle sizes and their distribution, clay chemistry, clay
physical properties, and clay technological properties [57]. In this context, clay is used as a size term, rock term and
general mineral term.
Clays are sold in open markets in many parts of Southern Africa for several applications including medicinal and
dermatological purposes, for use in various traditional or
cultural occasions, for utilisation in the pottery industry,
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and in the construction of mud houses to add colour and
decorations. Clays are used as indigenous active ingredients for the treatment of a wide range of ailments and diseases in African, South American, Native North American,
Carribean, and Asian traditional medicines. The practice of
geophagia is very common in many parts of Southern Africa, particularly amongst pregnant women and during famine. Animals also eat clays containing elements that kill
worms [8]. Clay poultices are sometimes the only alternative to major surgery and amputation in the cure of Buruli
ulcers caused by Mycobacterium ulcerans [8]. Several indications for the use of medicinal clays include cleansing
(skin and intestinal), detoxification (skin and intestinal),
emulsification (creams), adsorption (skin, intestinal, douche,
and mouthwash), adsorption (skin and poultice), and cation
exchange (skin, intestinal, mouthwash) [9]. Reports indicate
that the clays serve as detoxification agents and as nutrient
supplementation with mineral nutrients, such as calcium,
copper, iron, magnesium, manganese and zinc [10].
Focusing on some examples in Africa, the use of clay
in several cultural settings is widespread and varied [1].
Yorubas of Nigeria use clays as one of the active ingredients for the treatment of dysentery and cholera [11]. As
topical applications, the people of Mali used clay paste on
victims of smallpox during the pustular phase of the illness [11]. It is common practice for the Ibos of Nigeria to
use yellow clay for the celebration of a newborn child. The
Massai of Kenya use ochre from head to toe for the male
initiation ceremony, and men in Northern Africa beautify
their faces with ochre during the Geerwol festival [1]. In
Swaziland, the red ochre is used in traditional marriage
ceremonies to cement a marriage. In Southern Africa,
clayey materials are topically applied as facial masking for
the beautification of both males and females in several
cultural activities and also in the treatment of various ailments. Although practice of using clay for medicinal purposes and in cultural activities has been going on for several years, no studies have been performed on characterizing these materials which are suspected to contain clay
minerals. This work reports on mineralogical characteristics and antimicrobial activities of the clayey materials used
for facial masking and various ailments in Southern Africa.
The health benefits resulting from such usage are postulated.
MATERIALS AND METHODS
Samples and sampling

Samples of clayey materials used for facial masking
and medicinal purposes were purchased from shops and
open markets in three countries in the Southern African
region. Mineralogical and microbiological analyses were
carried out on the samples. Ninety-one different clay samples from clays, indigenously used for topical applications
were obtained from fourteen locations, seven from Botswana, two from South Africa, and six from Swaziland)

(Table 1). Most of the medicinal and cosmetic clays were
from Kanye, Kgwakgwe, Lobatse, Maun and Gaborone in
Botswana, and Mathangacha in Swaziland. In order to better
establish antimicrobial activities on clays, an additional set
of 12 samples was obtained from Gaborone, Botswana, for
antimicrobial activity tests and these were samples 91102. Whereas 91 samples were analysed for mineralogical
studies, 102 samples were screened for antimicrobial activity tests.
TABLE 1 - Source localities, geographic
coordinates and number of clay samples.
Source locality of
samples
Botswana
Kanye
Lobatse
Kgwakgwe
Maun
Jwaneng
Gaborone
Otse
South Africa
Durban
Johannesburg
Swaziland
Mbanbane
Mpembekati
Mahlaleni
Mankayane
Manzini
Mathangacha

Geographic coordinates

Number of
samples

25º 19’ E, 25º 00’S
25º 12’ E, 25º 41’ S
25º 11’ E, 25º 04’ S
24º 20’ E, 20º 05’ S
24º 30’ E, 25º 55’ S
25º 56’ E , 24º 40’ S
25º 30’ E, 24º 52’ S

18
16
13
8
12
6
2

31º 49’ E, 30º 01’ S
28º 02’ E, 26º 12’ S

2
2

30º 08’ E, 26º 18’S
31º 22’ E, 26º 26’S
31º 20’ E, 26º 29’ S
31º 03’ E, 26º 40’ S
31º 22’ E, 26º 29’ S
31º 06’ E, 26º 50’ S

2
1
3
1
1
6

Mineralogy

Mineralogical analyses performed on the samples included colour tests, minerals identification, particle morphology and microchemistry.
Colour test of samples

For the colour analysis and minerals` identification
tests, all samples were oven-dried at 105 °C. Samples were,
in general, in very fine powdery form. However, there were
a few coarse granular samples which were at first gently
crushed with an agate mortar and pestle to a fine powdery
texture.
Aggregates of the clay samples were separated to single particles using a mortar and pestle. With a spatula, the
samples were mounted on white cardboard sheets provided
by the Munsell Color Company Inc., MD 21218, USA. The
colour descriptions, which comprised the hue, value/ chroma
and colour of the mounted samples, were obtained by visually comparing them to those of standard soils recorded in
the Munsell Soil Color Book [12].
Clay minerals identification

X-ray diffractometry was the technique employed in
identifying the clay minerals contained in the clayey materials. Samples for X-ray diffractometry tests were mount-
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ed on the sample-holder with very little pressure, and later
scanned in the XRPD equipment. The minerals in the samples were identified using a Philips PW 3710 XRPD X-ray
diffractometer system, operated at 40 kV and 45 mA, having a Cu-Kα radiation and a graphite monochromator. A
PW 1877 Automated Powder Diffraction, X'PERT Data
Collector software package was employed to capture raw
data, and a Philips X'PERT Graphics & Identify software
package was used for qualitative identification and semiquantitative analyses of the minerals from both the data and
patterns obtained by scanning at a speed of 1° 2Ө/min.
Samples were scanned from 2° 2Ө to 90° 2Ө. The interpreted results were compared with data and patterns available in the Mineral Powder Diffraction File, data book
(International Center for Diffraction Data (ICDD) [13].
Semi-quantitative analysis of identified minerals was performed to establish their abundances through quantitative
measures (numbers) where trace = +, minor = ++, and
major = +++.
Particle morphology and microchemistry

The particle morphology of the samples was carried
out with the aid of a Philips XL30 Environmental Scanning Electron Microscope (ESEM). The powdered samples were placed on a 3-mm pin type stub with a carbon tab
on. The stubs for Energy Dispersive Analysis (EDS) were
given a thin C-cat in a SPI carbon coater to improve conductivity. The analysis was done on an EDAX system
equipped with a Super Ultra Thin Window (SUTW). Afterwards the samples were gold (Au)-coated in an SPI
sputter coater and viewed in High Vacuum mode (HVM).
The results were also compared with the Low Vacuum
mode (LVM) images to ensure that the shapes of the plates
were not deformed due to dehydration in the high vacuum.
Since there were no significant differences, the LVM was
used to analyze the samples.
Microchemistry for some selected samples was determined based on results from the microbiological tests.
The elemental analysis for micro-chemical characterization
of the minerals contained in the clay samples was done on
the ESEM with an EDAX Phoenix Ultra Thin Window
(UTW) energy dispersive analysis (EDS) system. The EDS
analysis was performed in a LVM taking into consideration
challenges associated with beam scattering during the
analysis. The stubs were coated with a thin carbon layer
and also examined in HVM. Artifacts related to the morphology in the clays were not evident in any of the two
vacuum operational modes (HVM for gold-coated samples
and LVM for uncoated ones). The vacuum gaseous compensation mode routine in the Phoenix software was engaged in the EDS analytical process.
Microbiological analysis
Test microorganisms

The test microorganisms used were Staphylococcus
aureus, Bacillus subtilis, Micrococcus luteus, Pseudomo-

nas aeruginosa, Escherichia coli and Candida albicans.
These microorganisms were chosen on the basis of their
ability to cause diseases or their hardiness. Cultures were
maintained on plate count agar (PCA- Oxoid, CM325)
slants with the exception of Candida albicans which was
kept on Sabouraud dextrose agar (SDA, Oxoid- CM41)
and sub-cultured onto nutrient broth for 18-24 h at 37 °C
for surface inoculation.
Preparation of aqueous clay extract

One gram of each clay sample was suspended in 5ml
of distilled water and mixed thoroughly. The clay particles
were allowed to settle, and the top liquid portion was used
for testing the antimicrobial activity.
Aqueous clay extract on test bacteria

In addition to the 91 clay samples used in the mineralogical characterization, 12 clay samples (total = 103)
were included in the screen for antimicrobial activity. The
additional samples were necessary because of the significance of the antimicrobial activity tests. Plate count agar
(PCA) was surface-inoculated with each of the five bacterial test microorganisms, and Sabouraud dextrose agar
(SDA) for Candida albicans to form a lawn of growth.
Wells in the plate were made by using sterile cork borers.
Immediately after surface inoculation, a 0.1 ml clay extract was applied into each well and incubated at 37 °C
without inverting the plate for 24 h at 37 °C. The zone of
clearance around the well was measured.

RESULTS
Mineralogical analyses
Colour of samples

A summary of the hue, value, chroma, and colour of
the samples is given in Table 2, and their colour abundances
presented in Figure 1. The clays were of three dominant
colours with their associated colour shades, and these are
yellow> red > white in order of increasing number of clay
samples. The yellow clays were the most abundantly found
throughout the region (Botswana, Swaziland and South
Africa). The next in abundance were the red clays, followed
by white, brown, greenish gray and pink ones. The red
clays were found in Botswana and Swaziland.
X-Ray Diffractometry

Figures 2, 3 and 4 are the X-ray diffractograms of representative samples of reddish, yellow and white clays. The
reddish clay consisted mainly of haematite, the yellow clay
of goethite, and the white one was made up primarily of
kaolinite. The following minerals were identified by XRD
to be contained in the clay samples: quartz, lepidolite,
haematite, goethite, muscovite, calcite, illite, kaolinite,
montmorillonite, annite, and chlorite, in varying levels of
abundances and frequencies (Figure 5).

553

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

TABLE 2 - Value, hue, chroma and colour of clay samples based on Munsell soil colour tests.
Sample No
S1
S2
S3
S4
S5
S6
S7A
S7B
S8A
S8B
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
S48
S49
S50
S51
S52
S53
S54
S55
S56
S57
S58
S59
S60
S61
S62
S63
S64
S65
S66
S67
S68
S69
S70
S71
S72
S73
S74
S75
S76
S77
S78
S79
S80
S81
S82
S83
S84
S85
S86
S87
S88
S89
S90
S91

Location where sample was obtained
Kanye, Botswana
Lobatse, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Lobatse, Botswana
Lobatse, Botswana
Lobatse, Botswana
Lobatse, Botswana
Lobatse, Botswana
Mbabane, Swaziland
Kanye, Botswana
Kanye, Botswana
Kanye, Botswana
Kanye, Botswana
Lobatse, Botswana
Lobatse, Botswana
Lobatse, Botswana
Maun, Botswana
Jwaneng, Botswana
Jwaneng, Botswana
Jwaneng, Botswana
Jwaneng, Botswana
Gaborone, Botswana
Gaborone, Botswana
Gaborone, Botswana
Maun, Botswana
Maun, Botswana
Jwaneng, Botswana
Kgwakgwe, Botswana
Kanye, Botswana
Lobatse, Botswana
Lobatse, Botswana
Lobatse, Botswana
Kanye, Botswana
Maun, Botswana
Maun, Botswana
Kanye, Botswana
Kanye, Botswana
Kanye, Botswana
Jwaneng, Botswana
Jwaneng, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Lobatse, Botswana
Gaborone, Botswana
Gaborone, Botswana
Gaborone, Botswana
Kanye, Botswana
Kanye, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Lobatse, Botswana
Durban, South Africa
Mbembekati, Swaziland
Manzini, Swaziland
Mankayane, Swaziland
Mhlaleni, Swaziland
Durban, South Africa
Mahlangatja, Swaziland
Mahlangatja, Swaziland
Mahlangatja, Swaziland
Mahlangatja, Swaziland
Mahlangatja, Swaziland
Mhlaleni, Swaziland
Mahlangatja, Swaziland
Mbabane, Swaziland
Johannesburg, South Africa
Mhlaleni, Swaziland
Jwaneng, Botswana
Jwaneng, Botswana
Jwaneng, Botswan a
Jwaneng, Botswana
Kanye, Botswana
Kanye, Botswana
Jwaneng, Botswana
Lobatse, Botswana
Kanye, Botswana
Maun, Botswana
Maun, Botswana
Maun, Botswana
Lobatse, Botswana
Kanye, Botswana
Kgwakgwe, Botswana
Kgwakgwe, Botswana
Kanye, Botswana
Otse, Botswana
Otse, Botswana
Kanye, Botswana
Kgwakgwe, Botswana
Johannesburg, South Africa

Hue
10YR
2.5YR
10YR
5YR
10YR
7.5 YR
10YR
7.5YR
5YR
10.YR
2.5Y
5YR
7.5 YR
5YR
10YR
5YR
7YR
5YR
5YR
10.YR
7.5 YR
2.5Y
5YR
10.YR
7.5 YR
5YR
10.YR
5YR
7.5YR
10.YR
5YR
7.5YR
5YR
10YR
5YR
10.YR
10.YR
5YR
5YR
2.5YR
10YR
5YR
5YR
10YR
7.5YR
7.5YR
7.5YR
5YR
5YR
10YR
10YR
10YR
5YR
2.5Y
2.5Y
2.5YR
10YR
10YR
10YR
2.5YR
10YR
2.5Y
5GY
2.5Y
2.5Y
10YR
2.5YR
5Y
5Y
5Y
2.5YR
10YR
5YR
5YR
7.5YR
10YR
5YR
10YR
7.5YR
10YR
10YR
2.5 YR
2.5YR
2.5YR
2.5YR
5YR
7.5YR
7.5YR
10YR
10YR
7.5YR
10YR
–

Value
6
4
5
5
7
5
8
8
4
5
8
4
5
5
7
7
6
5
5
8
5
7
5
6
5
4
5
5
8
7
3
7
6
7
6
8
7
5
5
6
6
3
8
7
6
7
6
3
3
6
8
5
6
8
7
5
8
7
8
4
8
7
5
8
8
8
5
6
8
8
4
7
5
6
6
7
5
7
6
7
8
4
5
6
4
6
5
6
7
7
5
7
–
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Chroma
8
6
8
6
8
8
4
2
4
8
8
4
8
8
8
3
8
6
8
2
6
8
6
8
8
6
8
8
2
8
3
8
6
8
6
8
8
6
6
6
8
4
1
6
2
8
4
4
4
8
1
8
8
3
8
8
1
8
1
8
1
5
1
1
1
8
8
3
8
1
8
8
8
8
6
6
8
8
6
8
8
4
8
2
8
6
8
4
8
8
8
8
–

Sample colour
Brownish yellow
Dark red
Yellowish brown
Yellowish red
Yellow
Strong brown
Very pale brown
Pinkish white
Reddish brown
Red
Yellow
Reddish brown
Strong brown
Yellowish red
Yellow
Pink
Reddish yellow
Yellowish red
Yellowish red
Very pale brown
Strong brown
Yellow
Yellowish red
Brownish yellow
Strong brown
Yellowish red
Yellowish brown
Yellowish red
Pinkish white
Yellow
Dark reddish brown
Reddish yellow
Reddish yellow
Yellow
Reddish yellow
Yellow
Yellow
Yellowish red
Yellowish red
Dark red
Brownish yellow
Dark reddish brown
White
Yellow
Pinkish gray
Reddish yellow
Light brown
Dark reddish brown
Dark reddish brown
Brownish yellow
White
Red
Reddish yellow
Pale yellow
Yellow
Red
White
Yellow
White
Dark red
White
Pale yellow
Greenish gray
White
White
Yellow
Dark red
Pale olive
Yellow
White
Dark red
Yellow
Yellowish red
Reddish yellow
Reddish yellow
Yellow
Yellowish red
Yellow
Reddish yellow
Yellow
Yellow
Dusky red
Red
Weak red
Dark red
Reddish yellow
Strong brown
Light brown
Yellow
Yellow
Strong brown
Yellow
Colour not included in the Munsell Soil Color Book
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colour of clay

FIGURE 1 - Frequency of occurrence of different colour shades of clay samples.

FIGURE 2 - X-ray powder diffractogram of a
representative sample of reddish clay (Q = quartz; and H = haematite).

FIGURE 3 - X-ray powder diffractogram of a representative sample of
yellow clay. It is monomineralic with all peaks being that of goethite.

FIGURE 4 - X-ray powder diffractogram of a representative sample
of white clay. It is monomineralic with all peaks being that of kaolinite.
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FIGURE 5
Summary of X-ray diffraction results of clay samples analysed (note: +++ = major, ++ = minor, + = trace, Q = quartz, L= lepidolite,
H = haematite, G = goethite, Gi = ginite, Mu = muscovite, C = calcite, I = illite, K = kaolinite, Mo = montmorillonite, A = annite, Cl=chlorite).

There were a few samples that contained ginite. Samples 55 from Mbembekati, Swaziland, 68 from Johannesburg, South Africa and 78 from Kanye, Botswana had
microcline in minor and trace quantities, and sample 68
also had halloysite-7Å as the kaolin mineral. Sample 60
from Mahlangatja, Swaziland consisted of poorly crystalline clayey material with no distinct peak identified. Halite was dominant in sample 66, which was from Mahlangatja, Swaziland with traces of biotite/annite. Sample
67 from Mbabane, Swaziland contained non-clay minerals, particularly sulfoborite.

needle like crystals of carbonate and cubic-like blocks of
rock salt. Sample 67 from Mbabane, Swaziland had

Micromorphology and microchemistry

The morphology of most of the clays fell into three
main categories. Reddish clays which contained haematite
and block-like particles detected to be rich in Fe, that were
embedded with booklets of kaolnite as could be depicted in
Figure 6. These clay samples microchemically consisted
of Fe, Al, and Si. The rest of the elements were trace elements, usually in very minute quantities. The yellow clays
also had two main types of particles based on particle shape.
These were needle-like particles that dominated (Figure 7)
and which were rich in Fe, as well as flake-like particles
which were rich in Al and Si. The flaky plates were compacted into a vermiform-like structure. Some of the Fe-rich
samples looked like needles and had a flaky structure with
scattered blocky particles identified to be quartz. The white
clays were dominated by pseudo-hexagonal and angular
particles (Figure 8). These particles were rich in Al and Si.
Other elements were present in trace quantities.
There were, however, some samples which were of different morphology and micro-chemical composition. Sample 66 from Mahlangatja, Swaziland was dominated by
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FIGURE 6 - Scanning electron photomicrograph
of a representative red clay sample depicting iron-rich
blocks being haematite, and alumino silicate booklets of kaolinite.

FIGURE 7 - Scanning electron photomicrograph of a representative yellow clay sample depicting iron-rich needles being goethite.
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FIGURE 8 - Scanning electron photomicrograph of a
representative white clay sample depicting pseudohexagonal alumino silicate structures of kaolinite.

rolled balls which were very rich in sulphur. Sample 91
obtained from Johannesburg, South Africa had two components which consisted of flakes/rounded bits between
larger rocky bits reflecting the same chemical composition
as the bulk chemical composition, namely, Si, S, Ca, Al
and Na; the second component consisted of chunky/rocky
bits very rich in Ca.
Sensitivities of the test microorganisms to clay extracts

The white and grayish green clays appeared to be the
most effective in inhibiting both Gram-negative and Grampositive bacteria. One of the red clays (sample 69 from
Mhlaleni, Swaziland) was more effective against Gramnegative bacteria, and the yellow and pink clays showed

no inhibitory activity towards all bacteria. Only the white
(samples 55 from Mbembekati, Swaziland, 68 from Johannesburg, South Africa and 95 from Gaborone, Botswana)
and gray/green (samples 66 from Mahlangatja, Swaziland,
as well as 101 and 102 from Gaborone, Botswana) clays
showed inhibitory activity against Candida albicans. (Table 3). The extent of the inhibition is shown for clay samples 55 from Mbembekati, Swaziland and 68 from Johannesburg, South Africa (which were the most effective antimicrobial clays) against Gram-positive Micrococcus luteus
and Staphylococcus aureu,s and against Gram-negative
Escherichia coli and Pseudomonus aeruginosa (Figures 9,
10 and 11). The antimicrobial activity was equally active
against Gram-positive and negative bacteria (Figures 9, 10
and 11). Clay extracts from samples 55 and 68 inhibited
the growth of the test microorganisms with zones of inhibition >20 mm in diameter (Table 3). Antifungal activity
against Candida albicans, a fungus associated with various mycoses was also demonstrated by the same clay extracts (Figure 12).
Seven out of 103 samples (6.8 %) appeared to have a
strong broad-spectrum activity, inhibiting growth of both
Gram-positive and negative bacteria (Table 3). In addition,
five of the same samples (4.9 %) inhibited the growth of
Candida albicans. However, strong inhibition on the growth
of C. albicans was only demonstrated by 55 from
Mbembekati, Swaziland, 68 from Johannesburg, South
Africa, and 95 from Gaborone, Botswana. None of the
yellow clays tested had any antimicrobial activity.

FIGURE 9 - Inhibition zones indicating antibacterial activity against Escherichia. coli (A), Micrococcus luteus (B),
Pseudomonus aeruginosa (C) and Staphylococcus aureus (D) by extract of clay samples 52 from Kgwakgwe, Botswana;
54 Durban, South Africa; 55 from Mbembekati, Swaziland; 64 from Mahlangatja, Swaziland; and 69 from Mhlaleni, Swaziland.
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FIGURE 10 - Inhibition zones indicating antibacterial activity against Escherichia. coli (A), Micrococcus luteus (B),
Pseudomonus aeruginosa (C) and Staphylococcus aureus (D) by extract of clay samples 65 and 69 from Mhlaleni,
Swaziland; 66 from Mahlangatja, Swaziland; 67 from Mbabane, Swaziland; and 68 from Johannesburg, South Africa.

FIGURE 11 - Zones of inhibition indicating antibacterial activity against Bacillus subtilis by extracts of
clay samples 52 from Kgwakgwe, Botswana; 54 from Durban, South Africa; 55 from Mbembekati, Swaziland;
64 from Mahlangatja, Swaziland and 69 from Mhlaleni, Swaziland (A), and samples 65 and 69 from Mhlaleni,
Swaziland; 66 from Mahlangatja, Swaziland, 67 from Mbabane, Swaziland, and 68 from Johannesburg, South Africa (B).

FIGURE 12 - Zones of inhibition showing antifungal activity against Candida albicans by extracts of clay
samples 55 from Mbembekati, Swaziland; 60, 63 and 66 from Mahlangatja, Swaziland (A), and samples
68 from Johannesburg, South Africa; 69 Mhlaleni, Swaziland; 94 and 95 from Gaborone, Botswana (B).
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TABLE 3
Distribution of antimicrobial activity of clay extract samples. Zones of inhibition: >20mm = (+++); 10-20 = (++); 0-10= (+/-); <0 = (-).
Colour of clay sample

Sample number

Brown

3,6,7a,8a,10,
11,18,19,23,
25,29,40,45,
46,47,85,86,
92,98
Red
2,4,8a,12,16,
17,21, 24, 26,
36, 37, 38, 50,
58,65,69, 71,
75, 80,81, 82,
83,103.
Yellow
1,5,9,13,15,20,
22,28,30,31,32,
33, 34, 39, 42, 44, 48, 51,
53, 56, 60, 64, 67,
70, 72, 73, 76,
77, 78, 79, 84,
87, 88, 90.
White
7b, 41, 49, 55,
57, 59, 62, 63,
68, 93, 94, 95,
99.
Pink
14,7b, 27.
Others (gray, green, olive)
43, 61, 66, 91,
96, 97, 100, 101, 102.

Anti-Gram –positive
activity
11(++)

Anti Gram- negative
activity
10 (+++)
11(+++)

Anti- Candida albicans
activity
-

69 (++)

69 (++).

-

-

-

-

55 (+++).
68 (+++).
95 (+++).

55 (+++).
68 (+++).
95 (+++).

55 (+++)
68 (+++).
95 (+++)

101 (+++).
102 (+++).

101 (+++)
102 (+++).

66 (+++).
101 (+++)
102 (+++).

DISCUSSION AND CONCLUSION
Mineralogical aspects

The colour, morphological description, microchemical and mineralogical compositions obtained for these clay
samples are in conformity with results of other researchers
working on clays [14-19]. The red/brown clays were dominated by haematite; yellow clays consisted mainly of goethite, white/gray clays consisted principally of kaolinite,
illite and montmorillonite; greenish clays were of chlorite,
and pinkish samples were quartz-dominated. Yellow, red
and white colours and the related colour shades are the preferred colours for clays used as facial masking, or for medicinal purposes, in Southern Africa. Whereas quartz is
quite dominant, it does not influence the colour of medicinal
and cosmetic clays used in Southern Africa. Goethite,
haematite, kaolinite, montmorillonite and illite are the principal colour-influencing minerals due to the elements contained in them. Both goethite and haematite are Fe-rich
minerals. Goethite is yellow due to the ionic state of Fe, and
haematite is red for the same reason. Kaolinite, montmorillonite and illite are white or whitish-like due to Al and Si
dominating their mineralogical structure. These elements
influence the colours of the clays.
Environmental health perspectives

Clays have been reported to cure a number of ailments
including the presence of parasites in the intestines, anemia
due to the iron content of the clays, allergies, acne, heartburn and indigestion [20]. For the studied clay samples, the
red/brown clays were rich in haematite but also had kao-

linite as revealed in their micromorphology in Figure 6.
Some of these types of tested red/brown clay samples, particularly samples 10 from Mbabane, Swaziland; 11 from
Kanye, Botswana, and 69 from Mhlaleni, Swaziland had
strong broad-spectrum activity within the anti-gram-positive
and anti-gram-negative inhibiting growth. The whitish
clays, and particularly samples 55 from Mbembekati, Swaziland; 68 from Johannesburg, South Africa; and 95 from
Gaborone, Botswana dominated by kaolinite, illite and
montmorillonite, also had strong broad-spectrum activity.
Strong broad-spectrum and anti C. albicans activities were
observed for grayish clays (samples 101 and 102 from Gaborone, Botswana); but pale olive clay from Mahlangatja,
Swaziland also showed anti C. albicans activity. The yellow goethitic and pinkish quartz and calcite samples had no
antimicrobial activity.
Possible reasons advanced for selective antimicrobial
activities could be the mineralogy and particle morphology
of the studied clays. The yellow clays consisting of needlelike shaped particles do not offer broad surface areas for
contact with and absorption of microorganisms. The whitish clays consisting mainly of kaolinite, montmorillonite
and illite with pseudo-hexagonal, vermiform and lath morphologies present broad surface areas for easy contact and
absorption of the microorganisms. Clay has similar size to
many microorganisms, and has a negative charge due to
oxides, oxyhydroxides and hydroxides. Mud from the Dead
Sea showed inhibitory activity to Propionibacterium acnes
and Candida albicans, but not to Escherichia coli and
Staphylococcus aureus [21] on microbial media. Our study
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clearly demonstrates antimicrobial activity against six
pathogens including C. albicans, S. aureus and E. coli by
some of the white clays, which are traditionally used for the
treatment of various ailments. Knowledge about the effectiveness of these clays has been passed down generations
through oral tradition without any scientific investigation
on their effectiveness. The effectiveness of some clays
ranges from the adsorptive smectitic clays, which combine and expel dissolved or suspended toxins, bacteria and
viruses to kaolinites and palygorskites used in soothing the
digestive system [4].
Clay chemistry associated with mineralogy also plays
a significant role in antimicrobial activity. Clays are composed of various cations and anions which might have toxic
effects on microorganisms. Physico-chemical properties,
such as pH, could also influence the type of antimicrobial
activity of the clays. Clays are common carriers of antimicrobial metallic ions, such as Ag3+, Cu2+ and Zn2+ as
demonstrated by Bowen et al. [22], who used the halo
method to show that clays with copper had higher antifungal than antibacterial properties, especially against E. coli.
Heat treatment of these clays up to 400 °C did not show
any significant change in antibacterial activity [22].
In Southern Africa, clays have been used by many generations in many cultures across geographical boundaries to
cure various diseases, and for cosmetic purposes. Ailments
that are treated include stomach aches, skin lesions, burns,
colds and flu, thrush, venereal diseases. Ailments have
been successfully treated with these clays where others use
antibiotics and other remedies. The treatment is administered either orally, anally, topically, or the clays are burnt
and their fumes inhaled by the patient. However, the properties responsible for some of the studied clays that have
toxic effects on microorganisms calls for further investigation.

erned by mineral type and colour of samples. Yellowish
samples were dominated by needle-shaped particles being
goethite; pseudo-hexagonal particles, and booklets were
whitish and consisted of kaolinite, in particular. In terms
of sensitivities of the test microorganisms to clay extracts,
the whitish, grayish and greenish clays were most-effective
in inhibiting both Gram-negative and Gram-positive bacteria. Neither the yellowish nor pinkish clays tested had any
antimicrobial activity.
Based on findings obtained in this study, the clays
could gain recognized application as alternative medicines,
and must be further explored. This can be further accelerated because of the increase in the development of antibiotic resistance reported as a crisis in the medical field [23].
Because of increasing demands in the use of alternative
medicines, the knowledge of and use of medicinal clays,
passed down many generations through oral tradition, may
offer an additional dimension for medications applied to
human health. There is, therefore, a need to further investigate and document such knowledge. The antimicrobial
activities as well as the overall microbiological aspects of
these clays used for cosmetic and medical purposes must
be understood by elucidating their properties. It is, therefore, imperative for science to work closely with traditional
healers to determine the scientific basis for the continued
use of medicinal and cosmetic clays.
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ABSTRACT

INTRODUCTION

The effects of locality and season on the activity of
antioxidant defense enzymes (ADE), namely, total superoxide dismutase (Tot SOD), copper zinc containing superoxide dismutase (CuZn SOD), manganese containing superoxide dismutase (Mn SOD), catalase (CAT), glutathione
peroxidase (GSH-Px), glutathione reductase (GR) and biotransformation phase II enzyme glutathione-S-transferase
(GST) in the liver of red mullet (Mullus barbatus L.) from
the Platamuni and Valdanos localities (Adriatic Sea) in winter and spring season were studied. All enzyme activities
were expressed as specific (units/mg proteins) and total
(units/g wet tissue) ones. Our results show increased specific and total activities of almost all investigated ADE in
winter, with respect to the spring, both in Platamuni and
Valdanos. The opposite effect was obtained for the specific
and total GSH-Px activity at both localities. The presented
results show that the activity of investigated ADE depends
mainly on the analyzed season. Also, it was confirmed that
biotransformation phase II enzyme GST is the most sensitive indicator of environmental status in the liver of red
mullet. The results of Principal Component Analysis (PCA)
based on correlations show similar trends in the positive
and negative correlations between specific and total ADE
in both seasons. At the same time, examination of seasonal
patterns of ADE revealed clear differences between the investigated localities in winter and spring for specific and
total activities. From the presented results, it can be concluded that seasonal variations of ADE should be incorporated into interpretation of further biomonitoring studies
of red mullet.

KEYWORDS: Adriatic Sea, antioxidant defense enzymes, liver,
locality, Red mullet, season.

Antioxidant defense enzymes (ADE) include components that neutralize reactive oxygen species (ROS), and
are continuously produced during aerobic metabolism,
while their toxicity to the main biological components (proteins, lipids and DNA) is counteracted by the activity of
ADE and specific low-molecular mass scavengers [1]. The
AD system includes enzymatic - superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px),
glutathione reductase (GR) and biotransformation phase II
enzyme glutathione-S-transferase (GST) - as well as nonenzymatic components [2]. According to the Environmental
Risk Assessment (ERA), the components of ADE system
are functionally divided into biotransformation phase II
components (for instance, GST and reduced/oxidized glutathione) and oxidative stress parameters (SOD, CAT, GSHPx and GR) [3]. Variations in the activity of ADE have
been often proposed as biomarkers of pollutant-mediated
oxidative stress [4].
In this study, the benthic fish, red mullet (Mullus barbatus L.), was chosen as the bioindicator species because it
is a territorial fish of commercial interest, which has been
used in several studies of coastal pollution monitoring. Due
to its close association with sediments and wide geographical distribution, the red mullet can be considered to be a
key indicator species for the Adriatic Sea [5, 6].
The activity of ADE, namely, total superoxide dismutase (Tot SOD), copper zinc containing superoxide
dismutase (CuZn SOD), manganese containing superoxide
dismutase (Mn SOD), (EC 1.15.1.1), catalase (CAT, EC
1.11.1.6), glutathione peroxidase (GSH-Px, EC 1.11.1.9)
and glutathione reductase (GR, EC 1.6.4.2) were measured in the liver of red mullet (M. barbatus) from Platamuni
and Val-danos areas (Adriatic Sea) in both winter and
spring seasons. In the same samples, the activity of biotransformation phase II enzyme glutathione-S-transferase
(GST, EC 2.5.1.18) was also determined. The aim of this
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study was to compare ADE activities between the two
localities in-vestigated, as well as between two different
seasons.
MATERIALS AND METHODS
The specimens of red mullet (Mullus barbatus L.) were
collected in winter (February) and late spring (May) at two
localities, Platamuni and Valdanos (geographical co-ordinates are given in Table 1). The two sites were chosen in
order to compare the activity of ADE between unpolluted
Platamuni and polluted Valdanos, as well as between periods of lower metabolic activity (winter) and higher metabolic activity (spring).
From each location, Platamuni and Valdanos, 10 (5 in
the winter and 5 in the spring) specimens of red mullet
specimens were collected. After collecting, fish were frozen in liquid nitrogen and then stored at -80 °C until further biochemical analysis. Liver tissues were isolated from
each sample, then ground and homogenized in 5 volumes
of 25 mmol/L sucrose containing 10 mmol/L Tris-HCl,
pH 7.5 [7] using a Janke & Kunkel (Staufen, Germany)
IKA-Werk Ultra-Turrax homogenizer at 4 °C [8]. The homogenates were sonicated for 30s at 10kHz on ice to release enzymes [9], and sonicates were then centrifuged at
4 °C at 100,000 g for 90 min. The resulting supernatants
were used for biochemical analyses.
Total protein concentration in the supernatant was determined according to the method of Lowry et al. [10], and
expressed in mg/g wet mass. The activity of antioxidant
defense enzymes was measured simultaneously in triplicate
for each sample using a Shimadzu UV-160 spectrophotometer and a temperature-controlled cuvette holder. The total
activity of SOD was assayed by the epinephrine method
[11], and expressed as U/mg of protein, as well as U/g wet
mass. For the determination of Mn SOD activity, the assay
was performed after pre-incubation with 8 mmol/L KCN.
CuZn SOD activity was calculated as difference between
total SOD and Mn SOD activities. CAT activity was evaluated by the rate of hydrogen peroxide (H2O2) decomposition, and expressed as µmol H2O2/min/mg protein, and as
µmol H2O2/min/g wet mass [12]. The activity of GSH-Px
was determined following the oxidation of nicotineamide
adenine dinucleotide phosphate (NADPH) as a substrate
with t-butyl hydroperoxide [13], and expressed in nmol
NADPH/min/mg protein, as well as nmol NADPH/min/g
wet mass. The activity of GR was measured as described
by Glatzle et al. [14], and expressed as nmol NADPH/min/

mg protein, as well as nmol NADPH/min/g wet mass. The
activity of biotransformation phase II enzyme GST towards
1-chloro-2,4-dinitrobenzene (CDNB) was determined by the
method of Habig et al. [15], and expressed as nmol GSH/
min/mg protein and as nmol GSH/min/g wet mass. All enzyme activities were expressed as specific ones in units/mg
of proteins, and as total ones, in units/g wet tissue [16].
All chemicals were the products of Sigma (St. Louis, MO,
USA).
The data are expressed as mean ± S.E (standard error). The non-parametric Mann-Whitney U-test was used to
seek significant differences between means. A minimum
significance level of p<0.05 was accepted. In addition, Principal Component Analysis (PCA) was employed to detect
variables that significantly contribute to differences in the
activities of the investigated enzymes, between the examined sites and seasons. Analytical protocols described by
Darlington et al. [17] and Dinneen and Blakesley [18] were
followed.
RESULTS AND DISCUSSION
The geographical position of the localities of
Platamuni and Valdanos in the Southern Adriatic Sea are
presented in Fig. 1. The geographic co-ordinates of the
examined locations in winter (A) and spring (B) are presented in Table 1. The specific (A) and total (B) activities
of the investigated ADE are presented in Table 2.

FIGURE 1 - The geographical position of the localities
of Platamuni and Valdanos in the Southern Adriatic Sea.

TABLE 1 - Geographic co-ordinates of the examined locations in winter (A) and spring (B).
Start
Season
Winter
Spring

Location
Platamuni
Valdanos
Platamuni

latitude
42o19'56”
41o58'62”
42o16'56”

End
longitude
18o35'05”
19o07'80”
18o41'66”

latitude
42o17'70”
42o00'39”
42o17'74”

563

longitude
18o42'56”
19o06'36”
18o35'54”

trawling duration (h)
1.33
1.00
1.92

depth (m)
80
30
110
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Valdanos
42o00'20”
19o06'10”
42o01'70”
19o04'50”
1.08
35
TABLE 2 - The specific (A) and total (B) activities of total superoxide dismutase (Tot SOD), copper zinc containing superoxide dismutase (CuZn SOD), manganese containing superoxide dismutase (Mn SOD), catalase (CAT), glutathione peroxidase
(GSH-Px), glutathione reductase (GR) and biotransformation phase II enzyme glutathione-S-transferase (GST), in the liver
of red mullet (Mullus barbatus) from the Platamuni and Valdanos areas (Adriatic Sea) in two seasons: winter and spring.
Specific activity
A
Tot SOD
Mn SOD
CuZn SOD
CAT
GSH-Px
GR
GST

Platamuni
Winter
10.12 ± 1.27
0.81 ± 0.09
9.29 ± 1.22
24.42 ± 1.83
2.53 ± 0.25
3.25 ± 0.34
123.14 ± 9.03

Valdanos
Spring
4.78 ± 0.37 ‡
0.57 ± 0.04 ‡
4.20 ± 0.34 ‡
20.03 ± 1.80
3.74 ± 0.44 ‡
2.71 ± 0.19
77.30 ± 7.87 ‡

Winter
5.80 ± 0.41 *
0.69 ± 0.03
5.10 ± 0.40 *
24.84 ± 1.88
1.19 ± 0.10 *
2.04 ± 0.26 *
66.07 ± 3.81 *

Spring
1635 ± 110 ‡
198 ± 13
1438 ± 103 ‡
6887 ± 639
1280 ± 144 ‡
914 ± 70
2653 ± 271 ‡

Winter
2240 ± 36 *
270 ± 17
1970 ± 53 *
9439 ± 698 *
466 ± 62 *
786 ± 77 *
2559 ± 110 *

Spring
5.55 ± 0.37
0.61 ± 0.05
4.93 ± 0.37
17.20 ± 1.15 ◊
1.50 ± 0.18 †
1.34 ± 0.06 †◊
34.92 ± 2.13 †◊

Effects of site:* Pl vs Val winter: p<0.05; † Pl vs Val spring: p<0.05; Effects of season: ‡ Pl winter vs Pl spring: p<0.05; ◊ Val winter vs Val spring: p<0.05.

Total activity
B
Tot SOD
Mn SOD
CuZn SOD
CAT
GSH-Px
GR
GST

Platamuni
Winter
3247 ± 410
259 ± 17
2898 ± 404
5941 ± 1065
822 ± 104
1047 ± 118
3930 ± 222

Valdanos
Spring
1875 ± 118 ◊
213 ± 20
1662 ± 114 ◊
6078 ± 415 ◊
509 ± 61 †
457 ± 30 †
1180 ± 68 † ◊

Effects of site: * Pl vs Val winter: p<0.05; † Pl vs Val spring: p<0.05; Effects of season: ‡ Pl winter vs Pl spring: p<0.05;◊ Val winter vs Val spring: p<0.05.

ADE function in detoxification processes, and represent suitable parameters in ERA. The major ADE in marine fish are SOD, CAT and GSH-Px, as well as biotransformation phase II enzyme GST [19]. Our results show that
the specific activities of Tot SOD, CuZn SOD, GSH-Px,
GR and GST were significantly lower in Valdanos, in comparison to Platamuni, in winter season (p<0.05). At the
same time, the specific activities of GSH-Px, GR and GST
were lower in Valdanos than in Platamuni during spring
season (p<0.05), (Table 2A). Total activities of Tot SOD,
CuZn SOD, GSH-Px, GR and GST were significantly lower
in Valdanos, with regard to Platamuni, in winter season (p<
0.05), while total CAT activity was markedly higher in
the same season (p<0.05). The total activity of CAT was
significantly higher in Valdanos than in Platamuni, while
GST activity was markedly lower in winter season (p<0.05).
In the spring, the activities of GSH-Px, GR and GST were
significantly lower in Valdanos, with respect to Platamuni
(p<0.05), (Table 2B).
The two investigated sites were chosen in order to
compare the activity of ADE between unpolluted Platamuni
and polluted Valdanos with significant anthropogenic impact. Our previous investigations at the same localities [20]
had shown no significant differences in concentrations of
polychlorinated biphenyls (PCBs) in both seasons. At the
same time, the investigated PAHs, phenanthrene in
Platamuni as well as fluorene and anthracene in Valdanos,
were higher in spring. It is difficult to predict the direct
influence of these compounds on ADE activities in our
study, because the situation is complicated with seasonal
influences. It is well-known that, in aquatic ecosystems,

temperature and dissolved oxygen are environmental variables that are likely to influence oxidative processes, even
more than xenobiotics. On the other hand, our previous
investigations [21] have shown that the levels of nitrites
and detergents were higher in the water of Valdanos,
compared to that of Platamuni, indicating increased water
pollution in the locality of Valdanos.
In Platamuni water, the specific activities of Tot SOD,
Mn SOD, CuZn SOD and GST were significantly lower
in spring than in winter (p<0.05). Contrary to the previous
results, specific activity of GSH-Px was higher in spring,
with respect to winter and Platamuni (p<0.05). In Valdanos, specific activities of CAT, GR and GST were
significantly lower in spring than in winter (p<0.05), (Table 2A). In Platamuni, the total activities of Tot SOD,
CuZn SOD and GST were lower in spring than in winter,
while total GSH-Px activity was significantly higher in
spring (p< 0.05). At the same time, the total activities of
Tot SOD, CuZn SOD, CAT and GST were significantly
decreased in Valdanos in spring, compared to the winter
(p<0.05), (Table 2B).
Antioxidative status in species of marine fish seems
to be related to tissue oxygen consumption, or to organism
activity level [22]. Therefore, both specific and total enzyme activities were analyzed [16]. Fish are exposed to
daily and/or seasonal changes in both water temperature
and oxygen availability, and variations in the activity of
ADE have been demonstrated in several studies [4]. Studies on ADE related to seasonal changes in hetero-thermic
organisms revealed strong relationship with metabolic de-
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mands. As thermo-dependent organisms, most fishes must
routinely cope with fluctuations in environmental temperature and in the metabolic rate, and, consequently, with oscillations in levels of ROS. Therefore, ROS generation, oxidation rates and antioxidant status would be directly related
to ambient temperature or metabolic activity. Variations of
single antioxidants are difficult to predict, since both increases and decreases can occur depending on the capacity of the organism to counteract a given stressor. Furthermore, reduced levels of antioxidants are often interpreted
to denote that oxidative stress has occurred in the organism,
but the biological significance of such a change is difficult
to relate, since these effects can be compensated by the
presence of other defenses [6]. The use of ADE activities
in biomonitoring studies is also complicated, because levels
of chemical pollutants in the environment often display
wide seasonal variations in response to climate and other

FIGURE 2 - Principal Component Analysis (PCA) based
on correlations; projection of specific (A) and total (B)
antioxidant defense enzyme activities on the factor plane.
3A
Projection of the cases on the factor-plane ( 1 x 2)
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FIGURE 3 - Principal Component Analysis (PCA) of specific (A) and
total (B) antioxidant enzyme activities at each site (Pl-Platamuni
and Val-Valdanos) and during each season, on the factor plane.

2B
Projection of the variables on the factor-plane ( 1 x 2)
1.0

factors [23]. In general, the ADE investigated in our work
have higher activities in winter than in spring (except for
total GSH-Px activity). Seasonal pattern of ADE activities
was also obtained in the other marine organisms from the
Adriatic Sea, such as thinlip gray mullet (Liza ramada) [23]
and mussel (Mytilus galloprovincialis) [24].
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Many enzymes, such as biotransformation phase II enzyme GST, have reduced activities at lower environmental
temperature [25], but some enzymes increased their activities in winter, for example, ethoxycoumarin and ethoxyresorufin O-dealkylases in red mullet [26]. Some researches show that biotransformation phase II enzyme
GST is in-fluenced by the levels of organic substrates, and
both enhancement and inhibition of these enzymatic activities have been reported in field studies [6]. Our results
show that GST activity was higher in both Platamuni and
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Valdanos locations, in winter season, as well as in
Platamuni, with respect to the Valdanos, in both investigated seasons. These data suggest that GST enzyme is more
reactive to the or-ganic pollutants in winter season, and
represents a sensitive and suitable marker of environmental status in the liver of red mullet.
The results of Principal Component Analysis (PCA)
based on correlations are presented in Figs. 2A and 3A for
the specific activity, and Figs. 2B and 3B for the total
activity. The obtained results show similar trend in positive
and negative correlations between specific and total activities of the investigated ADE in winter and spring season.
Projection of ADE activities is based on the factor plane
(Figs. 2 A and B). A balanced action of antioxidative components is necessary for homeostasis of ROS and redox
state. Changes in the activity of some antioxidant components should be accompanied with correlative changes in
other ADE. At the same time, examination of seasonal
pattern of ADE revealed clear differences among their
specific (Factor 1: 68.33%, Factor 2: 23.08%) and total
(Factor 1: 54.25%, Factor 2: 29.41%) activities between
Platamuni and Valdanos in both seasons, as well as between winter and spring at both localities (Figs. 3A and B).
Projection was made for ADE activities of each site and
season, based on the factor plane.
CONCLUSIONS
From the present study, it can be concluded that differences in the activities of ADE and biotransformation
phase II enzyme (GST) exist in the liver of red mullet
(Mullus barbatus). Our work shows that climatic stress is
the predominant factor that induces changes in the activity
and organization of the antioxidative defense system. Considering these results, the investigated parameters should
be taken into account in further biomonitoring studies of
different marine fishes.

This study was funded by the Ministry of Science of
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ENHANCED UV-B RADIATION MAY LEAD
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COMPOUNDS IN NORWAY SPRUCE NEEDLES
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ABSTRACT
The long-term (23 weeks) exposure of Norway spruce
needles to supplemental (+25%) ultraviolet-B (UV-B) irradiances at field conditions resulted in the slight increase
of catechin (ca 7%; p >0.05); however, significant decreases
of extracted 4-hydroxyacetophenone (ca 80%; p <0.01) and
picein (ca 72%; p <0.01). These findings document the differences in synthesis of specific phenolic compounds induced by UV-B radiation. The possible relations to plant
tolerance are discussed.

KEYWORDS: 4-hydroxyacetophenone; catechin; Norway spruce;
picein; screening pigments; ultraviolet radiation

INTRODUCTION
Phenolic compounds are found throughout the plant
kingdom and play an important role in the response of
plants towards various stress factors, e.g. enhanced ultraviolet (UV) irradiances. They are known as selective UVabsorbing filters, removing short and energetic wavelengths
(λ <400 nm). Field studies showed that the concentration
and within-tissue localization of phenolic compounds varied between species [1, 2] and between sun and shadeadapted leaves [3]. Generally, supplemental UV irradiances lead to greater contents of phenolic compounds in
both evergreen and deciduous tree species [4]. However,
protection mechanisms [2, 5] may differ. In herbs, phenolic compounds are located in epidermis protoplasts,
but in conifers, the main localization was found in both
epidermis cell walls and epidermis protoplast. Thus, this
UV filter is more effective in conifers [6, 7].
In addition, the oxygen-reactive forms, e.g. single oxygen, hydrogen peroxide or hydroxyl radical, are inade-

quately formed under the action of UV-B radiation [8].
These oxygen forms cause oxidative damage of biological
macromolecules, altering their properties, and thus the structure and function of biological cells. Phenolic compounds,
due to their redox properties, have an important antioxidant
activity. For example, quercetin-3-glucoside was reported
to be one of the most powerful radical scavengers [9]. Also,
p-hydroxyacetophenone and other monophenols with electron-attracting groups at the p-position were found to be
essential radical scavengers for lipid peroxidation [10].
Insufficient capacity of phenolic compounds may thus,
consequently, result in UV-B negative impacts on the photosynthesis, growth and development of plants. For example, Booij-James et al. [11] reported that the degradation of
D1 and D2 proteins constituting the photosystem (PS)II
reaction centres occurs even at very low UV-B irradiances. This damage leads to the inhibition of the photochemical yield of PSII, the electron transport through PSII, and
the CO2 assimilation rate [12, 13].
Although quantitative changes in foliar chemistry are
frequently reported, less is known about the relative contribution of specific phenolic compounds to the screening
capacity of leaves [14]. Therefore, the general objective of
this paper was to determine the changes in the amount of
the most widespread phenolic compounds, particularly
catechin, 4-hydroxyacetophenone (HAP) and picein, in Norway spruce needles exposed to enhanced UV-B (λ ≈280320 nm) irradiances.
MATERIALS AND METHODS
Experiments were carried out at the field conditions of
the Beskydy Mountains (49°33´ N, 18°32´ E, 908 m a.s.l.).
The cut transplants (7-year old seedlings) of Norway spruce
(Picea abies) were exposed to ambient (control variant) and
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Mixtures of current year needles (ca 2 g of fresh
weight) were sampled at the end of the vegetation season
(mid-October) after 23 weeks of UV-B treatment. The
whole procedure of the sample preparation was implemented according the literature [15]: Twig pieces containing the necessary needle generation were immediately frozen in liquid nitrogen in order to avoid metabolical changes
that might be caused by mechanical injury at the normal
sampling temperature (5-15 °C). The frozen twigs and needles became so fragile that the whole needles could be quite
easily removed from the twigs by just touching them with
a spatula. The needles were kept in liquid nitrogen during
the whole transport to the laboratory, and there stored in the
refrigerator at -20°C. All necessary materials (including
mortar, sea sand, and 80% methanol) were chilled to -20 °C
in the refrigerator in order not to exceed the temperature
of 0 °C during the extraction. This means that the samples
were not at all exposed to room temperature during the
whole procedure. The whole procedure was carried out at
very low temperatures to avoid the activity of glycosidases from the beginning, according to the literature cited
above. Deep-frozen (liquid nitrogen) needles (0.5 g) were
crushed with sea sand and extracted with 80% methanol
containing an antioxidant (2,6-di-tert-butyl-4-methylphenol).
The centrifuged (3 min, 3500 rpm) extract was purified via
SPE columns (LiChrolut RP-18, Merck, Germany). The
determination of the phenolic compounds was performed
by HPLC (HP 1050, Hewlett-Packard, U.S.A.) with a reversed phase column C18(2) (LUNA, Phenomenex, U.S.A.)
and DAD detection (HP 1040, Hewlett-Packard, U.S.A.).
The mobile phase consisted of 12.5% acetonitrile (Merck)
in water with 0.15% trifluoroacetic acid (Sigma-Aldrich).
Phenolic compounds were detected at 220 nm (see
Vrchotová et al. [3] for detailed description).
Contents of catechin, 4-hydroxyacetophenone (HAP)
and picein were recalculated on the basis of needle dry
weight (oven-dried at 80 °C for 48 h). Due to small number of repetitions (n=14), normal distribution of the data
sets was presumed. The Scheffe test (ANOVA) was used to
evaluate the statistically significant differences in the total
amount of phenolic compounds in needles exposed to ambient and enhanced UV-B radiation.
RESULTS AND DISCUSSION
All investigated phenolics, catechin, HAP and picein,
belong to the most widespread phenolic compounds in
Norway spruce needles [3, 16]. The contents of catechin
differed, ranging between 13.4-14.1 mg gDW-1 in the control needles, and 13.7-15.6 mg gDW-1 in the UV-B treated
ones. Whereas the supplemental UV-B irradiance led to a
slight increase of catechin amount (7.4%; p >0.05), it re-

sulted in a statistically significant (p <0.01) decrease of
HAP and picein by 80.6% and 72%, respectively (Fig. 1).
The contents of HAP and picein ranged from 3.8 to 5.4 mg
gDW-1 and 22.0 to 14.9 mg gDW-1 in the control needles, but
from 0.4 to 1.4 mg gDW-1 and 2.5 to 9.9 mg gDW-1 in needles exposed to enhanced UV-B radiation.
24
-1

enhanced UV-B (exposed variant) irradiances. The modulated lamp system, containing 12 filtered fluorescent lamps
(UV-B-313, Q-Panel, U.S.A.), was used to simulate 25%
increase of incident UV-B (λ = 290-320 nm) radiation [12].

Total amount, mg gDW
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FIGURE 1 - Total amounts of catechin, 4-hydroxyacetophenone
(HAP), and picein in the methanolic extract of the Norway spruce
needles exposed to ambient (transparent columns) and enhanced
(opaque columns) UV-B irradiances (Columns represent mean
values, bars standard deviations, and ** statistically highly significant differences (p <0.01, N = 14).

Usually, increased synthesis of UV-absorbing phenols
is associated with the elevated expression of chalcone synthase mRNA [17], the stimulation of proline metabolism
[18], or the induction of phenylalanine ammonia-lyase
[19]. The results documenting the impacts of enhanced
UV-B irradiances on the catechin amount are inconsistent.
Tegelberg et al. [20] reported its increased concentration
in Betula pendula leaves, whereas it was not dependent on
UV-B treatment in Pinus sylvestris [21]. Wade et al. [22]
demonstrated that sufficient white-light intensities prevent
increased catechin synthesis by UV-B, which may explain
the differences between laboratory and field experiments.
According to our knowledge, no data were published
on UV-induced HAP changes. Decreased HAP content in
the UV-B exposed needles may reflect its direct photodestruction. However, the decrease of HAP may lead to a
protection of chlorophylls, since it has been shown that
HAP is one of the essential phenolic compounds involved
in peroxidase-dependent chlorophyll bleaching [23]. In the
seedlings studied here, Šprtová et al. [12] found a decrease
of the total chlorophyll content by 24%. Also, Lavola et al.
[24] reported a decrease of some specific phenolic compounds under UV-B irradiation, e.g. 3,4'-dihydroxypropiophenone-3-ß-D-glucopyranoside.
The significant decrease of picein in needles exposed
to UV-B (Fig. 1) is in contradiction to the finding of
Fischbach et al. [16]. They found an accumulation of
picein in spruce needles exposed to ambient UV-B radiation as compared to trees grown in cabinets where UV-B
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radiation was excluded; however, the accumulation of
picein during UV-B treatment was not confirmed in other
spruce clones.
Deficient synthesis of UV-screening pigments may
subsequently lead to the decrease of plant tolerance to UVB irradiation. In our experiment, investigated spruce seedlings showed, for example, significant decreases in assimilation capacity, maximal fluorescence quantum yield of
dark-adapted needles, even apparent quantum yield, and
total chlorophyll content [12, 13].

phenolic from Norway spruce needles. Phytochemistry 28,
2071-2078.
[7]

Hogue, E. and Remus, G. (1999) Natural UV-screening
mechanisms in Norway spruce. Photochem. Photobiol. 69,
177-192.

[8]

Potterat, O. (1997) Antioxidants and free radical scavengers
of natural origin. Curr. Org. Chem. 1, 415-440.

[9]

Rice-Evans, C., Miller, N. and Paganga, G. (1997) Antioxidant properties of phenolic compounds. Trends Plant Sci. 2,
152-159.

[10] Niinomi, A., Morimoto, M. and Shimizu, S. (1987) Lipid peroxidation by the [peroxidase/H2O2/phenolic] system. Plant
Cell Physiol. 28, 4 731-734.

CONCLUSION
In summary, catechin, localized in the mesophyll, is
the minor UV-absorber in spruce needles, and its content
has slightly increased during supplemental (+ 25%) UV-B
irradiation, since the main absorption appears in the epidermis cells. In contrast, the levels of 4-hydroxyacetophenone and picein decreased almost to one quarter after
approximately half a year of supplemental (+ 25%) UV-B
irradiation at field conditions.

[11] Booij-James, I.S., Dube, S.K., Jansen, M.A.K., Edelman, M.
and Mattoo, A.K. (2000) Ultraviolet-B radiation impacts
light-mediated turnover of the photosystem II reaction center
heterodimer in arabidopsis mutants altered in phenolic metabolism. Plant Physiol. 124, 1275-1283.
[12] Šprtová, M., Marek, M.V., Nedbal, L., Prášil, O. and Kalina,
J. (1999) Seasonal changes of photosynthetic assimilation of
Norway spruce under the impact of enhanced UV-B radiation. Plant Sci. 142, 37-45.
[13] Šprtová, M., Nedbal, L. and Marek, M.V. (2000) Effect of
enhanced UV-B radiation on chlorophyll a fluorescence parameters in Norway spruce needles. J. Plant Physiol. 156,
234-241.
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ABSTRACT
Soil erosion by water is one of the major causes of
land degradation in Turkey. But the problem has not yet
been treated in detail, although it affects vast areas. The
aim of this study is to determine the potential erosion risk,
and to predict long-time average annual soil loss resulting
from raindrop splash and runoff as well as controlling factors in Fındıklı Creek watershed which is located on the
northern part of Edremit Gulf, in the northwest of Turkey.
For this purpose, in order to determine controlling factors
and find out the rate of potential erosion risk, Geographical Information Systems (GIS) based on Revised Universal Soil Loss Equation (RUSLE) model were used. All
factors in the RUSLE were calculated for the watershed
using local data, and RUSLE-factor maps were made.
According to the result of this study, five erosion risk classes are defined as low, slight, moderate, high, and severe
ones. The mean values of the R-factor, K-factor, LS-factor,
C-factor and P-factor were 305 km-2 h-1 a-1 (MJ/ha/year),
0.55 Mg h MJ-1 mm-1 (tons/ha/year), 15.50, 0.07 and
0.90, re-spectively. The mean value of the annual average
soil loss was assigned to be 66.5 tons/ha/year. There is
more erosion in the upland on the north and step slopes in
the west of Fındıklı creek watershed.

power of rainfall, the intrinsic susceptibility of the soils to
erosion, as well as the combined effects of slope angle and
length. Sediment yield from a watershed is an integrated
result of all water erosion and transport processes occurring
in the entire contributing area [1]. The total sediment yield
thus depends on both erosion at the various sediment
sources, such as crop, range, or forest lands, and the efficiency of the system to transport the eroded material out of
the watershed [2]. The potential for soil erosion varies
depending on the properties of the watershed, geomorphology, the soil characteristics, the local climatic conditions,
and the land-use and management practices implemented
on the watershed. RUSLE, with great acceptance and
widely used, is simple and easy to parameterize, and requires less data and time to run with regard to most other
models dealing with rill and inter-rill erosion [3]. The combined use of GIS and erosion models has been shown to be
an effective approach to estimate the magnitude and distribution of erosion [4-7]. Erosion and spatially distributed sediment delivery in a watershed has been modeled by
[8], based on USLE and the travel time concept. This
approach was incorporated into a GIS by Jain and Kothyari
[14]. The identification of the spatially distributed sediment
sources enables the implementation of special conservation efforts on these source areas [9].

KEYWORDS: soil loss, erosion, RUSLE (3d), Geographic Information System (GIS), Remote Sensing, Fındıklı Creek Watershed.

A small coastal catchment, Fındıklı Creek, located
north of Edremit Bay, NW of Turkey, was selected for soil
erosion analysis, using the RUSLE/GIS combination.
Description of the study area

INTRODUCTION

The Findikli creek basin is located between 482050 88 East and 4378850 - 4395750 North (European Datum
1950 - UTM Zone 35N) coordinates on the north of the
Gulf of Edremit, northwestern Turkey (Fig. 1). The study
area is approximately 44.20 km2 in size, and consists of
various topographical features, such as flat, rolling, hilly
and mountainous areas. The total length of the tributaries in
the catchment is 93.6 km, and density is 2.11 km2/km.
4

River catchments are dynamic and vulnerable systems
that can change markedly when exposed to human impact.
Changes are induced since human settlements in Anatolia
are of particular interest, because impacts can be almost impossible to reverse. A measure of catchment degradation
may be determined using different techniques, such as Revised Universal Soil Loss Equation (RUSLE). Physical
characteristics and human activities affect the rate of sediment infill within their catchments, including the erosive

550

The geology of the study area can be broadly divided
into metamorphic rocks in the middle part, and sedimen-
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FIGURE 1 - Location of Fındıklı creek catchment.

tary rocks in the south and north. Generally, metamorphic
rocks, such as crystallized limestone belonging to Paleozoic era, occur on the north of the basin, whereas metamorphic rocks like metagabbro, marble and gneiss belong to
pre-Jurassic period and occur in the area. Upon these main
rocks, contact metamorphic rocks like hornfels, granite and
wollastonite types, as well as Jurassic rocks like granodiorite, conglomerate, metagraywacke and siltstone occur. In
the lower parts of the basin, there are fluvial deposits
formed mostly in Quaternary period [10]. The area has a
very diverse environment, with an altitudinal variation from
0 meter at sea level in the estuary of Fındıklı creek to the
uplands, 1774 m (Karataş T.) above sea level on the peak
of the Kaz (Ida Mt.) mountain. This area has various microenvironments, partly reflecting its geological, geomorphological, pedological and biogeographical diversity.
In Fındıklı creek catchment, the topography largely
consists of a series of deep cut valleys and steep slopes.
When traveling northwards up the mountain, the topography becomes very rugged with narrow gorges and few areas
suitable for either cultivation or habitation. Before reaching Kaz mountain peak, the topography becomes varied and
spectacular, with steep hills and cliffs. The slope gradients
in Fındıklı Creek watershed increase in the uplands of the
basin. However, they decrease in lower parts, and in most
parts of the study area, the gradient is higher than 24 °C.
The study area has Mediterranean climate, a macroclimate type. According to the data obtained from the
Edremit meteorological station, mean annual temperature
is 15.7 ºC, and never goes below 0 ºC. However, the actual temperature decreases below 0 ºC from time to time (14
days in the year). The coldest month is January and the
temperature is approximately 6.7 ºC. In summer months,

characterizing a hot period, the mean temperature is 25.7 ºC
in August. The highest mean temperature was 32.4 ºC in
August; and the lowest one 3.5 ºC in January. The maximum temperature was 40 ºC in July and the minimum temperature -8 ºC in January, in the year 1973. The mean annual rainfall varies from about 650 mm on the southern part
to more than 1200 mm in the Kaz Mountain in the north.
Annual average rainfall is 659.1 mm and the most of this
precipitation occurs in winter months, which are parallel
to the Mediterranean macroclimate character. In this case,
while the total precipitation of 3 months in winter period is
328.2 mm, the area receives only 22 mm rainfall in summer
period (June to August).
The mean number of days with snow cover may reach
1 per year. Although winds from the east and south-east still
dominate, other directions are observed with significant
frequency. Winds shift direction in the year, but direction
is much more variable during winter.
The dominant wind direction is easterly in winter
and southeasterly in summer, and the mean wind speed
is 2.2 m/sec. Also in the coastal zone, NE directional etesian winds blow out over the area in the period from May
until September. Average speed of southeasterly winds is
4.5 m/sec.
Annual average relative humidity is 63%. Maximum
relative humidity values usually occur during winter period. The absolute humidity in winter months increases up
to 70%, but decreases in summer months to 49%.
According to Thornthwaite [11], the study area was
classified as (c2b2 s2b3), which is semi humid, seconddegree mesothermal, under a sea climate effect, and has a
strong water deficit during summer.
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The soils are generally entisols and inceptisols (taxonomy classification) at the higher altitudes. Vertisols occur
on the lower parts in the south. The soils are mostly coarser
textured and shallower. Four types of soil textures were
determined, such as clayey, silty, loamy and sandy soils.
These properties of the soil are important in determining
susceptibility of soil to erosion. Degraded lands remain with
little vegetation cover. But areas dense in vegetation are
substantially richer in enclosures than in open areas,
Forest and forage generally cover the northern part of
the study area, while dry farming and forage are common
in the southern part of the Fındıklı creek catchment.
Most people in the area are engaged in agricultural activities, and almost all the cultivation takes place in the
southern part. There is scattered cultivation in the eastern
half of the area, with slopes greater than 15 % where the
soils are inceptisols and vertisols. Severe erosion is taking
place in the eastern part of the catchment. The remainder
of the area is used for grazing with large numbers of cattle, sheep and goats being herded on the area, which is almost completely denuded of grass and with very little cover.
MATERIALS AND METHODS
Determining the intensity, amount and distribution of
erosion has a big importance because of the necessity
whether and what kind of caution should be taken. For this
purpose, many different techniques are being discovered in
order to estimate and calculate the carried soil amount [1214]. The Universal Soil Loss Equation (USLE) [15], or the
revised version of USLE (RUSLE) [16], is often used to
predict rainfall erosion in landscapes using GIS.
In this study, RUSLE-3D technique was used, because
it is enabling verisimilitude results in quality and quantity,
as well as for detailed evaluation of the factors affecting
erosion in computer technology. Modeling soil erosion by
RUSLE, a functional model derived from the analysis of
intensive soil erosion data, has seen wide application in
long-term water erosion prediction [16].
Required GIS data layers included precipitation, soil
characteristics, elevation, and land-use. Current cropping
and management practices and selected, feasible, future

management practices were evaluated to determine their
effects on average annual soil loss. Substantial reduction in
water erosion can be achieved when future conservation
support practices are applied. In order to determine the
potential erosion risk zones and their classification in
the study area, by the improvement of USLE [15, 17, 18],
“Revised Universal Soil Loss” [4, 16, 19-25] was used.
The DEM was imported to the ArcInfo grid format, and the
improved triangular irregular network (TIN) was then converted back to a 10-m grid.
The RUSLE/GIS methodology permits calculation of
potential soil loss from sheet and rill erosion for rangelands. The RUSLE equation calculates potential erosion
(A) as follows:
A
A
R
K
LS
C
P

= R . K . SL . C . P
: Average soil loss (tons / ha / year)
: Rainfall erosivity factor
: Soil erodibility factor
: Slope length and slope steepness factor
: Land-cover and management factor
: Support practice factor

The 1/25000-scaled topographical maps of the study
area are transformed into the computer by scanning and
digitizing this area. As a consequence of this process, a
three-dimensional (3D)-digital elevation model of the basin
was formed. Land-cover features are obtained as consequence of classifying Landsat 2006 ETM+ images. Soil
properties are ordered according to the inventory prepared
by Topraksu General Management. By taking into consideration gradient, fauna and soil features that have effects on
erosion; a sensitivity-classifying was formed in terms of
their effects on erosion. Basic maps being used during this
application have 10-m resolution transformed into cellular
data, and their grid interrogations are made. Each equaldimensioned cell has values belonging to many factors
like slope by taking into consideration its position; gradient, distance, land-cover and soil. The notation of these
values was prepared in nominal and ordinal data types. Each
of these data sets is put through a cellular-based local analysis, and results are evaluated separately.
In consequence of the analysis of the findings in the
study area, four different potential erosion risk degrees

Quantitative
Erosion
Analysis
Rainfall
Erosivity

Soil
Erodibility

Slope Length and
Slope Steepness

Land-cover

Soil Erosion
(tons / ha / year )

FIGURE 2 - Evaluation of effected factors with RUSLE-3D technique.
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were determined. The areas of these risk degrees and their
distributions were mapped. Moreover, annual soil loss was
calculated per hectare, and data were used to develop maps
and tables.

LS ones and referred to as the relief factor. LS factor was
generated from the L and S factors of a DEM within a GIS.
The two inputs to the LS factor are cumulative slope length
and slope steepness.
TABLE 1 - Erosivity Factor to Elevation Levels ( m ).

SOIL LOSS EQUATION FACTORS
IN THE FINDIKLI CREEK WATERSHED
1. RAINFALL EROSIVITY (R) FACTOR

R-factor values were calculated from over 25 years of
rainfall intensity data from Edremit meteorological station.
Derived relationships between the R factor and MFI developed by Arnoldus [26] recommended the following
using:
12

Former:

MFI = ∑
i =1

pi ²
P

Latter: R = (4.17 MFI) - 152.
where “MFI” is modified Fournier Index (mm), “pi” is the
average monthly precipitation (mm), and “P” represents
the average annual total rainfall rate (mm).
Another topic which is necessary to be expressed, is
the change of precipitation in elevation zones (station of
Edremit from where we obtained the meteorological data
is situated on 0 m from sea level, but the elevation
changed between 0-1774 m in the study area.
Here, Schreiber’s method [27] was applied for determining the precipitation change according to the elevation: Ph = Po + 4.5 x h [27].
In Schreiber’s method, “Ph” is the average monthly
precipitation (mm) and “Po” represents the amount of
average monthly rainfall (mm) at the chosen meteorological station, and “h” is the elevation of the place for which
the precipitation will be calculated [27].
12

pi ² , for 0-120 m level:
According to MFI =
∑
i =1 P

Elevation Levels ( m )
0–120

MFı
85.75

R
205.57

120–220
220–320
320–420

87.91
90.41
93.17

214.60
225.01
236.51

420–520
520–620
620–720

96.14
99.29
102.59

248.91
262.04
275.80

720–820
820–920

106.01
109.54

290.08
304.80

920–1020
1020–1120
1120–1220

113.17
116.87
120.64

319.90
335.34
351.06

1220–1320
1320–1420
1420–1520

124.47
128.35
132.28

367.03
383.22
399.61

1520–1620
1620–1720

136.25
140.26

416.18
432.90

1720–1774

141.47

437.94

To incorporate the impact of flow convergence, the
hill-slope length factor was replaced by upslope contributing area [6, 36-38].
The modified equation for computation of the LS factor in GIS in finite difference form for erosion in a grid cell
representing a hill-slope segment was derived by Desmet
and Govers [35]. A simpler, continuous form of equation for
computation of the LS factor at a point r = (x,y) on a hillslope [5] is as follows:
LS (r) = (m+1) [A(r) / a0 ] m x sin b(r) / b0 ] n
where A[m] is upslope contributing area per unit contour width, b [deg] is the slope, m and n are parameters,
and a0 = 22.1 m = 72.6 ft. is the length, and b0 = 0.09 =
9% = 5.16 degrees is the slope of the standard RUSLE
plot [39].

12

109.7² + 85.5² + ..... ⇒ MFI = 56.398
659.1
i =1

MFI = ∑

Latter. The R or Erosivity Factor Rainfall intensity
data are difficult to collect and summarize. We use the
modified Fournier's index [28] which has been shown
well correlated to Arnoldus linear “R” [26] within this
region. In addition to this, when F was >55 mm ⇒ (r2 =
0.75) [26, 29 - 34].
According to R = (4.17 MFI) – 152: for <120 m level:
R = (4.17 x 85.75) - 152 ⇒ R= 205 MJ/ha/year.
2. SLOPE LENGTH AND SLOPE STEEPNESS (LS) FACTOR

The LS factor represents erodibility due to combinations of slope length and steepness relative to a Standard
unit plot. The L and S factors are commonly combined as

It is mentioned that the basic input data for the LS map
are a digital elevation model, produced by the General
Command of Mapping, Turkey (GCMT). A map of the
slope gradients has been derived from a DEM.
The DEM was imported to the ArcInfo grid format.
The improved TIN was then converted back to a 10-m grid.
They are treated as water outflow, and their removal avoids
unrealistically high flow accumulation values. The technique for estimating the RUSLE-3D LS factor that will
be applied in this study was proposed by Mitas and
Mitasova [40].
It is mentioned that here LS is calculated using the
ArcInfo hydrological extension, by producing flow accu-
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mulation grid as proposed by Desmet and Govers [25, 35],
from a DEM with a cell size of 10 m.

erosion. The spectrally separable land-cover classes were
identified as 1) Forest (Covered >40%), 2) Forest (Covered <40%), 3) Agriculture, 4) Barren, and 5) Settlements.

3. SOIL ERODIBILITY (K) FACTOR

The K factor represents both susceptibility of soil to
erosion, and the amount and rate of runoff. Soil texture,
organic matter, structure, and permeability determine the
erodibility of a particular soil. The 1:100,000 scale soil map,
prepared by the Turkish General Directorate of Rural Services (GDRS) - Soil and Water Resources National Information Centre, of the year 2000 (http.khgm.gov.tr) was
used. Soil structure affects both susceptibility to detachment and infiltration. Permeability of the soil profile affects K, because it affects runoff. The soils of the study area
are divided into five groups, pointing in each group to the
texture. K values for various soil types in the study area are
presented in Table 2.
4. LAND COVER AND MANAGEMENT (C) FACTOR

TABLE 2 - Soil types and K values.
Factor
Soil (K)
(tons/ha/unit)

Soil type
Sand
Sandy Loam
Silt Loam
Silt
Clay Loam

RUSLE-3D values
0.1
0.30
0.55
0.6
0.65

TABLE 3 - Land-cover factor properties.
Factors
Land cover (C)
(dimensionless)

Classification
Forest (Covered >40%)
Forest (Covered <40%)
Agriculture
Barren
Settlements

RUSLE-3D values
0.0002
0.0006
0.38
0.8
0

The C factor represents the effect of plants, soil cover,
below-ground biomass, and soil-disturbing activities on soil

FIGURE 3 - Rainfall Erosivity factor distribution map.

FIGURE 4 - Slope Length and
Slope Steepness factor distribution map.
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FIGURE 5 - Soil Erodibility factor distribution map.

FIGURE 6 - Landcover factor distribution map.

5. SUPPORT PRACTICE (P) FACTOR

The supporting effects of practices like contouring, strip
cropping, and terraces are described by the P-factor. An
overall P-factor was computed as a product of P factors for
individual support practices that are used in combination
to reduce erosion [41]. Information on the support practices
or P factor values in the catchment (e.g. contour intervals,
terracing) was collected during fieldwork.
Parameter P (support practice factor) was identified in
excursion studies. This parameter refers to any practices
serving to control erosion, mainly by reducing surface runoff (e.g. terracing, buffer strips, and tillage methods). According to RUSLE hand-book [16], the only RUSLE support practice applicable to conditions in the study area is
contour tillage.

ticed in the catchment is on the “Cultivated land - temporary commercial”–type-mapping unit. There were examples of contour tillage on these mapping units, as illustrated in Fig. 7, taken from one particular site of commercial
farming. The rest of the Fındıklı creek catchment was
assigned the P-factor value of 1, indicating no physical
evidence of erosion control in these areas.
TABLE 4 - Support Practice factor values.
Factor
Support Practice (P)
(dimensionless)

P-factor values extracted for the purpose of applying
the RUSLE-3D in Fındıklı creek basin are listed in Table 4.
Field examination of the landcover-mapping units revealed that the only form of erosion control being prac-

Classification
Forest (Covered >40%)
Forest (Covered <40%)
Agriculture
Barren
Settlements

RUSLE-3D values
1
1
0.19
1
0

RESULTS
In the light of data gained as result of collective evaluation of different factors by using RUSLE-3D method in
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FIGURE 7 - Support Practice factor distribution map.

FIGURE 8 - The Classified Mean
Annual Soil Loss distribution map.

Fındıklı creek catchment, two different results can be
presented. The first one is determining of potential erosion
risk, and the other one is estimating annual soil loss. In the
first of them, five different erosion risk classes are determined, by taking into account the soil erodibility (Fig. 8).
According to these data, in approx. 89% of the of study
area, erosion risk is not so much (Table 5). But the erosion
risk is high on 7.56 % of the catchment area.

(Table 5). Approximately 1.01-3 tons/ha/year loss is discussed in 11.07% of the catchment. In remain parts of the
study area, more than 5 tons soil loss occurred each year.

TABLE 5
Mean annual soil loss quantity (tons/ha/year) and rate (%)
Soil Loss (ton/ha/year)
1
3
5
10
>10

Erosion Risk
Low
Slight
Moderate
High
Severe

Rate (%)
78.50
11.07
1.56
1.31
7.56
100.00

It is estimated that the soil loss of a 78.50 % part of
the catchment is less than the value of 0-1 tons/ha/year
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Although the study area has high gradient values, it
has a low erosion risk basin feature because of the existence of other erosion-preventing factors, such as dense
vegetation cover and low gradient slopes. The density of
the vegetation plays a role in decreasing the effect of high
gradient values on erosion intensity. Olive culturing is the
only agricultural activity in the study area. This is common practice on the lowlands as well as low gradient
slopes of the basin. On this account, the effect of agricultural activities on erosion is indeed very low. The areas in
which erosion intensity is higher in the basin are open
areas that have no land-cover, and parts which have high
valley density and gradient values, and the areas where
granular and fine-grained soils occur.
CONCLUSIONS
This study describes the application of the RUSLE
model, to quantify soil loss in Fındıklı creek basin located
in the northwestern part of Turkey, using the GIS skill.
The strategy adopted here is, firstly, to calculate six RUSLE
factors using distributed GIS data (e.g. soil, land-cover,
and DEM) to adequately represent the surface characteristics and, secondly, to estimate spatial distribution of soil
loss in the basin.
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RUSLE to model soil erosion potential in a mountainous
tropical watershed. Catena, 38, 109-129.

[5]

Mitasova, H., Hofierka, J., Zlocha, M. and Iverson, L.R.
(1996) Modeling topographic potential for erosion and deposition using GIS. Int. Journal of Geographical Information
Science, 10(5), 629-641. (reply to a comment to this paper
appears in 1997 in Int. Journal of Geographical Information
Science, Vol. 11, No. 6)

[6]

Molnar, D.K. and Julian, P.Y. (1998) Estimation of Upland
Erosion Using GIS. Computers and Geosciences. 24(2):
183-192.

[7]

Yitayew, M., Pokrzywka, S.J. and Renard, K.G. (1999) Using GIS for facilitating erosion estimation, Appl. Eng. Agric.,
15, 295–301.

[8]

Ferro V., Porto, P. (2000) A sediment delivery distributed
(SEDD) model. Proc. ASCE, Journal of Hydrologic Engineering, Vol. 5, 4, 411-422.

[9]

Simms, A.D., Woodroffe, C.D. and Jones, B.G. (2003) Application of RUSLE for Erosion Management in a Coastal
Catchment, Southern NSW. Faculty of Science Papers. Australia.

[10] Bingöl, E. (1969) Geology of Southeastern part of KazdagKazdağ. Journal of MTA no. 72, pp. 110-124. Ankara.
[11] Thornthwaite, C.W. (1948) An approach toward a rational
classification of climate. Geographic Review 38:55-94

The conclusions of the present study are as follows:
•

Erosion intensity does not go parallel with slope
inclination.

•

Erosion is more effective not only on the steep
slopes with poor vegetation cover, but also high
on barren lands.

•

In rolled smooth land conditions, clayey soils are
more erodible than sandy ones.

[13] Doğan, O. and Küçükçakar, N. (1994) Methodolgy of Erosion Mapping. Köy Hizmetleri Research Instituted, Ankara.

•

Erosion is varying from moderate to severe on
10.43 % of the study area.

•

RUSLE can be successfully used for erosion prediction.

[14] Ekinci, D. (2006) The Effect of Valley Networks on Erosion
and a Sample for Using GIS Based Soil Erosion Risk Model,
International Soil Meeting (ISM) on “Soils Sustaining Life
on Earth, Managing Soil and Technology, May, 2006,
Şanlıurfa, Turkey.
[15] Wischmeier, W.H. and Smith, D.D. (1978) Predicting Rainfall Erosion Losses: A guide to conservation planning,
USDA, Agricultural Handbook, 537, US Department of Agriculture, Washington, DC, USA.

REFERENCES
[1]

Lane, L.J., Kidwell, M.R. and Weltz, M.A. (2000) Watershed
sediment yield and rangeland health. International Journal of
Sediment Research 15:51-59.

[2]

USDA-SCS. (1979) United States Department of Agriculture Soil Conservation Service. National Engineering Handbook,
Sec. 4. Hydrology.

[3]

[12] Doe, W. W. III, Jones, D.S., Warren, S.D. (1999) The Soil
Erosion Model Guide for Military Land Mangers: Analysis
of Erosion Models for Natural and Cultural Resources Applications. Technical Report ITL 99-XX. U.S. Army Engineer
Waterways Experiment Station.

Jones, D.S., Kowalski, D.G. and Shaw, R.B. (1996) Calculating Revised Universal Soil Loss Equation (RUSLE) estimates on Department of Defense Lands: A review of RUSLE
factors and U.S. Army Land Condition-Trend Analysis
(LCTA) Data Gaps. Center for Ecological Management of
Military Lands. Department of Forest Science, Colorado
State University, Fort Collins, Colorado.

580

[16] Renard, K.G., Foster, G.R., Weesies, G.A., McCool, D.K.
and Yoder, D.C. (1997) Predicting Soil Erosion by Water: A
Guide to Conservation Planning with the Revised Universal
Soil Loss Equation (RUSLE). USDA Agriculture Research
Service. Agriculture Handbook No. 703. 384 p.
[17] Wischmeier, W.H., Smith, D.D. and Uhland, R.E. (1958)
Evaluation of factors in the soil loss equation, Agric. Eng.
39,458- 474.
[18] Wischmeier, W.H. and Smith, D.D. (1965) Predicting rainfall-erosion losses from cropland east of the Rocky Mountains: guide for selection practices for soil and water conservation. Agricultural Handbook 282, US Dept. of Agric. Sci
and Edu. Admin., Agric. Res., USA.

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

[19] Knijft, V. J. M., Jones, R. J. A. and Montanarella, L. (1999)
Soil erosion assessment in Italy, European Soil Bureau.
[20] Lufafa, A., Tenywa, M.M., Isabirye, M., Majaliwa, M.J.G.
and Woomer, P.L. (2003) Prediction of soil erosion in a Lake
Victoria Basin catchment using GIS-based Universal soil loss
model. Agricultural Systems 76(2003):883-894.
[21] Mitasova, H., Mitas, L., Brown, W.M. and Johnston, D.
(1998) Multidimensional Soil Erosion / deposition Modeling
and visualization using GIS. Final report for USA CERL.
University of Illinois, Urbana-Champaign, IL.
[22] Renard, K.G., Foster, G.R., Weesies, G.A. and Porter, J.P.
(1991) Revised Universal Soil Loss Equation (RUSLE),
Journal Soil Water Conserv. 46, 30 -33.
[23] Renard, K.G. and Ferreira, V.A. (1993) RUSLE model description and database sensitivity. J. Environ. Qual. 22-3,458466.
[24] Renard, K.G., Foster, G.R., Yoder, D.C. and McCool, D.K.
(1994) RUSLE revisited: Status, questions, answers, and the future. J. Soil and Water Conservation.
49(3):213-220.
[25] Sivertun A. and Prange, L. (2003) Non-point source critical
area analysis in the Gisselo watershed using GIS, Environmental Modelling & Software, 18, 887–898.

[36] Mitasova, H., Hofierka, J., Zlocha, M. and Iverson, R.L.
(1996) Modeling topographic potential for erosion and deposition using GIS. Int. Journal of Geographical Information
Science, 10-5, 629-641.
[37] Moore, I. and Burch, G. (1986a) Physical basis of the lengthslope factor in the universal soil loss equation. Soil Science
Society of America Journal 50, 1294-1298.
[38] Moore, I. and Burch, G. (1986b) Modeling erosion and deposition: topographic effects. Transactions of ASAE 29-6,
1624-1640.
[39] Moore, I.D. and Wilson, J.P. (1992) Length-slope factors for
the Revised Universal Soil Loss Equation: Simplified method
of estimation. Journal of Soil and Water Conservation, 47,
423-428.
[40] Mitas, L. and Mitasova, H. (1999) Spatial Interpolation. In:
P. Longley, M. F. Goodchild, D. J. Maguire, D. W. Rhind
(Eds.), Geographical Information Systems: Principles, Techniques, Management and Applications, GeoInformation International, Wiley, 481-492.
[41] Rijks, D., Terres, J.M. and Vossen, P. (1998) Agrometeorological applications for regional crop monitoring and productions assessment. EUR 17735 EN, 505pp.

[26] Arnoldous, H. M. J. (1980) An approximation of the rainfall
factor in the USLE. In: De Boodt M., Gabriels, D. (Eds.), Assessment of Erosion. Wiley, Chichester, England, pp. 127–
132.
[27] Ardel, A., Kurter, A. and Dönmez, Y. (1969) Applied Climatology, Publication of Istanbul Univ. İstanbul.
[28] Fournier, F. (1960) Climat et érosion. Ed. Presses Universitaires de France. París.
[29] Arnoldous, H. M. J. (1977) Methodology used to determine
the maximum potential average annual soil loss due to sheet
and rill erosion in Morocco, FAO Soils Bulletin, 34, 39-51.
[30] Bayramin, İ., Erpul, G. and Erdogan, H. E. (2006) Use of
CORINE methodology to assess soil erosion risk in the semiarid area of Beypazarı, Ankara, Turkish J. Agric For, 30, 81100.
[31] Diyotato, N. (2004) Estimating RUSLE’s rainfall factor in
the part of Italy with a Mediterranean rainfall regime, Hydrology and Earth System Sciences, 8-1, 103-107.
[32] Gabriels, D. (1993) The USLE for Predicting Rainfall Erosion Losses, ICTP-SMR, 705-3, Trieste.
[33] Oduro - Afriye, K. (1996). Rainfall Erosivity Map for Ghana,
Geoderma, Elsevier Science B.V., 1125, pp.6.
[34] Renard, K.G. and Freimund, J.R. (1994) Using monthly precipitation data to estimate the R factor in the revised USLE.
J. Hydrology, 157, 287-306.
[35] Desmet, P. J. J. and Govers, G. (1996) A GIS procedure for
automatically calculating the USLE LS factor on topographically complex landscape units. Journal of soil and water
conservation, 51, 427-433.

581

Received: August 16, 2007
Accepted: November 19, 2007

CORRESPONDING AUTHOR
Recep Efe
University of Balikesir
Department of Geography
10145 Balikesir
TURKEY
E-mail: recepefe@hotmail.com; refe@balikesir.edu.tr
FEB/ Vol 17/ No 5/ 2008 – pages 568 - 576

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

THE USE OF MULTI-TEMPORAL AND MULTISPECTRAL
LANDSAT DATA TO DETERMINE CHANGE DETECTION
AROUND TUZ LAKE ON SEYHAN DELTA
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SUMMARY

Several simulation models of land-use change [2, 3] and
management of coastal zone areas [4] have been elaborated.

The Tuz lake and Seyhan river mouth and related
coastal areas have been subject to important changes in the
years 1972 and 2000. Three LANDSAT multispectral scanners (MSS), Thematic Mapper (TM) and enhanced
Thematic Mapper (ETM), images captured in 1972, 1987
and 2000, respectively, were used in this study. To delineate the interchange zone, as well as land and water area,
an un-supervised classification technique (ISODATA) was
applied. It was observed that there were important changes
in the area of Lake Tuz, Seyhan river mouth, shoreline,
coastal sand dunes, pastures, vegetation, barren land,
swamps and agricultural areas. The intensive agricultural
activities and two dams built on the river Seyhan as well as
the coastal sea currents are the most important factors
responsible for this change. The changes involved accretion
and erosion process-es which possibly are related directly
with the human al-terations. Most of the changes occurred
as a result of trans-formation of different terrains, such as
pasture, sand dunes, bare lands, swamp, shrublands into
agricultural areas.

KEYWORDS: Lake Tuz, landuse-landcover change, Seyhan Delta,
shoreline, satellite images, change detection

Turkey has the largest coastal sand dunes within the
European countries, with a total area of 290.000 ha. Out
of these sand dunes, 216.500 ha lie along the Mediterranean coast, and 96.400 ha in the province of Adana [5]. The
best-developed sand dunes occur in the Cukurova delta,
where the rivers Seyhan and Ceyhan flow into the Mediterranean Sea. However, sand dunes located on the west of
Cukurova between Seyhan river-mouth and Tuz Lake have
been subjected to changes in the last 20 years. The first
studies on the deltas and their sediments in Cukurova delta
have been conducted by Erinc [6] in 1953.
Remote sensing (RS) and Geographical Information
Systems (GIS) provide a means for locating, identifying
and mapping certain coastal features, together with an
assessment of the spatio-temporal changes and their environmental impact. A number of techniques have been
reported in the literature for the derivation of the coastline
management from satellite images [7-9].
The objective of this study is to detect the effect of
humans on the biological and physical characteristics of a
coastal area, and to determine changes of the shore-line
around Tuz lake and Seyhan river-mouth using Landsat
imageries (MSS, TM and +ETM) from 1972 to 2000.
Description of the study area

INTRODUCTION
River mouth and coastal areas are special environments
where water and land come together. Variation in inputs
cause changes in the physical environment, for example, an
increase in coastal currents may enhance coastal erosion, or
a decrease in water discharge may limit the accretion [1].
Coastal sand dunes, which comprise an extremely sensitive ecosystem, create habitats for plants and animals.
These are fragile systems where human activities destroy
the vegetation resulting in the deterioration of the dune.

The study area is located between 34':53"-35':08" east
and 36':39"-36':48" north coordinates around Seyhan delta
and Tuz lake, in the south of Turkey (Fig. 1). It is approximately 228 km2 in size and consists of various ecosystems,
such as lakes, lagoons, abandoned meanders, sand dunes,
and marshes. The area has various microenvironments,
partly reflecting its geomorphological, pedological, hydrological and bio-geographical diversity. Landforms largely
consist of a series of sand dunes, abandoned meanders and
river-beds, alluvial plains which are suitable for either cultivation or habitation.
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According to the data obtained from the Adana meteorological station, the mean annual temperature is 18.8 ºC.

The coldest month is January and the mean temperature is

FIGURE 1 - Location of the study area.

9.9 ºC. In the summer season, the mean temperature is
28.1 ºC in August. Annual average rainfall is 647.1 mm,
but 50 % of precipitation occurs in winter, which is parallel
to the Mediterranean macroclimate character. The dominant wind direction is northerly in winter and southeasterly
in summer, and the mean wind speed is 2.2 m/sec. Although
winds from the south-southwest dominate, other directions
are observed with significant frequency. Winds shift direction in the year, but direction is much more variable during winter.
According to Thornthwaite (1948, [10]), the study area
was classified as C2b2 s2b3, which is semihumid, seconddegree mesothermal, under oceanic climate effect and having a strong water deficit during summer. According to
Kocman (1993, [11]), semi-humid Mediterranean climate
prevails in the area.
Psammo-, hydro- and halophytic plants and maquis
species occur in the area, which precludes the destruction
of sand dunes. Vegetation has become sparse due to the
destruction of sand dunes covered with dense vegetation
of shrub formations. Cionura erecta, which is a sign of

extreme grazing, occurs on sand dunes which are subjected
to destruction of vegetation. Arthrocnemum fruticosum,
growing naturally on salty swamps has disappeared due to
deterioration of dunes. A similar situation is observed in the
maquis species. For example, Nerium oleander is only seen
in a limited area located on the west of Tuz lake. This species has completely disappeared due to destruction of sand
dunes on the north of Tuz lake. The species like Vitex agnus-castus and Juncus maritimus are only seen around of
wetlands, especially isolated on areas in the west part of
Tuz lake.
Study area is also rich in fauna, and many of bird species can be observed around the delta area, notably Larus
fuscus, Larus cachinnans, Gelochelido, nilotica, Sterna
caspia, Sterna albifrons, Haematopus ostralegus,
Charadrius hiaticula, Pluvialis squatarola and Arenaria
interpres. Coastal sand dunes are important areas for
breeding of sea turtles. Caretta caretta, Chelonia mydas,
and Trionyx triunguis lay eggs in April and May on the
coastal sand dunes around Tuz lake.
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The soils are generally entisols and inceptisols (taxonomy classification), as well as coarser textured and shallower. Sandy soils occur around Tuz lake between river
Seyhan and Tuzla. Hygromorphic soils, which are flooded
in winter and rich in organic matters, are common. Agriculture is carried out on the highly fertile inceptisols which
have developed on the alluviums. Irrigable agriculture is
carried out in and around the abandoned bed of river
Seyhan and lands located in the north of Karınkatı lake.
Most people in the area are engaged in agricultural activities and animal breeding. The remaining area is used for
grazing of cattle, sheep and goats, and, therefore, is almost
completely denuded of grass and with very little cover.
The most important residential area is Tuzla where
summer and winter populations vary due to tourism activities. There are temporary settlements on the coastal area,
such as Altinkum Beach, Dalyan, Tuzkuyusu, and Hasiragaci on the north, as well as Tabaklar, which are very close
to the sand dunes.
MATERIAL AND METHODS
Multi-date satellite images from Landsat sensor were
used to detect the changes of the northwestern part of the
Seyhan delta. Since the landscape is a result of the advance
and retreat of shoreline in historical times, the present study
is largely based on the analysis of recent multi-date satellite images covering the years 1972, 1987 and 2000.
Digital image processing

Three satellite images from Landsat Multispectral
Scanner (MSS), Landsat Thematic Mapper (TM) and Landsat Enhanced Thematic Mapper Plus (ETM+), taken in
1972, 1987 and 2000 were used in this study. All operations had been done by using tools of ERDAS IMAGINE
Version 8.5. All of them had a process step in a way to
produce errors for changes detection analysis. In order to
geometrically correct digital Landsat images, a third-order
polynomial method was applied. More than 20 ground control points-GCPs (e.g., intersections of dykes, rivers and/or
roads) were selected from the rectified topographical map.
The calculated RMS error was acceptable. After all images
were connected by the same spatial location and projection,
there were masks or subsets according to areas of interest
in this study. The process generates the same size of area
and boundary position (Upper Left Conner and Lower
Right Conner) to all images.
Unsupervised classification

To delineate the interchange zone, land and water area,
an unsupervised classification technique (ISODATA) was
applied [12-14]. The ISODATA algorithm is a modification of the k-means clustering algorithm, which includes
merging clusters if their separation distance in multi-spectral feature space is below the user-specified threshold [15].

Postclassification operations

After classification, the subclasses were merged and
recoded to nine main classes. These classes are sea, river,
lake and lagoons, agriculture, natural grassland, sparsely
vegetated area, bare exposed soil, as well as rocks, beaches,
and marshy areas. In the classification, there are many isolated pixels whose classification is different from that of
their neighbours. These pixels create “a noise” for following
interpretation of features in the resultant map composition.
Therefore, these pixels were eliminated by using a 5×5pixel majority filter built by the Model Maker of ERDAS
IMAGINE. The filtering process smoothes the raster data
and the resulting image is easier to read.
Accuracy assessment

In this case, to assess the accuracy of classification,
10 random points for each class of interest (only deposits)
were generated on the resultant map composition, and compared to visual inspection. Comparison was made with
existing databases like 1:25,000 scale topographic maps, as
well as land-cover maps provided by the General Directorate of Rural Services and Field Studies. The classification
accuracy of searching land-use/cover classes were more
than 70%.
Shoreline change determination

GIS capability has been used to determine the changes
of Lake Tuz shoreline and the delta, which occur in the
classified images. The boundaries created from unsupervised classification and IHS color composite were delineated through on-screen digitizing. Digitizing errors will
always occur (undershoots, overshoots, triangles). However, on-screen digitizing is more accurate than using digitizing table, and is usually according to Geographical Information System (GIS) and Remote Sensing software [16].
After the digitizing process, the vector format was transferred to raster format. Through spatial analysis, the shape
of the river-mouth and sandy area (in hectare) were successfully detected and calculated. The changes of the
Seyhan river-mouth and the related shoreline from 1972
to 2000 were determined.
RESULTS
The changes of morphology at Seyhan river-mouth and
Tuz lake between 1972 and 2000 were detected in this
study by using RS and GIS. Not only shoreline change, but
also landuse-landcover change has been examined.
The most important change is seen in natural grasslands around Lake Tuz and its close vicinity (Table 1,
Fig. 2). The area of natural pastures in 1972 was decreased
from 25% to 1% within 15 years, but increased by 2% in
2000. These natural pastures have decreased almost completely in time. It is found that there is a major decrease of
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bare lands, beaches and marshlands, and natural pastures.
In contrast, a significant increase of agricultural areas was
determined. Agricultural areas not existing in 1972 have
increased up to 44% in 28 years. This shows that not only
pastures, but also scrublands, and even bare lands and sand
dunes, are used for agricultural activities.
TABLE 1 - Percentage of landuse-landcover classes.
Area (%)
Sea
River
Lake and Lagoons
Agriculture
Natural Grassland
Sparsely Vegetated Area
Bare Exposed
Beaches
Marshy Places

1972
34
1
3
25
25
5
5
2

Years
1987
34
3
3
36
1
14
6
2
1

2000
34
3
3
44
2
9
2
2
0

As a result of this rehabilitation and drainage changes, the
surface area of the lake has reached 10.7 km2 in 1987 and
10.4 km2 in 2000. The surface area of the lake has not
changed very much during 1987–2000 (Table 2, Fig. 3).
Field studies and image evaluation methods strengthen the
idea that overuse of the area has caused the narrowing of
the lake surface. In the satellite image taken in 1972, while
a swamp area, considered as the former bed of Lake
Karınkatı, is clearly seen, agricultural areas shifted to the
swamp areas and swamps shifted to the Lake Karınkatı
(Fig. 2).
TABLE 2 - Shoreline changes of the
Lake Tuz during 1975-1987, 1987-2000 and 1975-2000 (ha).
Changing

An extreme human pressure on the delta area has
caused important changes on the coastal area around Tuz
lake, and its surface area was reduced to 8 km2, from initially 14 km2 in 1972. It was determined that rehabilitation
practices were performed in the lake in the following years.

Always
lake
Lake to
land
Land to
lake

Old lake
bad-1972
784

19721987
781

19872000
1032

19722000
779

Old lake2000
1032

617

3

37

5

370

-

288

10

263

10

FIGURE 2 - Landuse – landcover classes from satellite images covering the years 1972, 1987 and 2000.
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FIGURE 3 - Shoreline delineation and change detection between 1972-2000.

FIGURE 4 – River-mouth delineation and change detection occurring from 1972 to 2000.

Distinct changes have been determined on the coasts
of the delta where such landform changes occur. Change in
the mouth of Seyhan river has been examined. There has
been a retreatment of 408 m during 1972–1987 and 359 m
during 1987–2000, with an average of 624 m during 1972–
2000 (Fig. 4). At the same time periods, maximum changes
in the river-mouth were ~486 m, ~361 m and ~823 m, respectively. Changes of the area at the river mouth are related to retention of the water in two dams on the Seyhan
river. As a result of this erosion, coast-line retreated, and
between 1972–1987, a land area of 94 ha has become sea
(Table 3; Fig. 4). Erosion and advance of sea to the land
has continued, but it has slowed down during 1987–2000.
TABLE 3 - Change detection area occurring at the shoreline (ha).
Change detection
Always sea
Always land
Erosion
Accretion

1972-1987
11561
22674
94
170

1987-2000
11639
22762
82
16

1972- 2000
11575
22622
145
156

DISCUSSION AND CONCLUSION
The results indicate that landuse and landcover have
undergone huge changes due to human activities, all over
the Seyhan delta zone. However, loss of sand dunes and
degradation continued rapidly, largely due to the escalating human activities and associated conversion of natural
habitats for human uses. The value that is placed on natural resources by local communities living in and around
Seyhan delta and Tuz lake is based upon the immediate
benefit they derive in terms of income and livelihood. But
this evaluation tends to be viewed from a short-term perspective with no thought being given to what will happen
once the natural resources have been depleted. The local
people are aware of value and functions of sand dunes,
lagoons, wetlands, as well as the dangers of over-exploitation. The sand dunes are in the process of being irreversibly destroyed, usually as a consequence of the unsustainable use by local people, demographic changes, increases
in demand for agricultural land, as well as pasture. Agricultural activities are an important pressure factor for the
decrease of marshlands, swamps and pastures in the area.
The presence of agriculture-based economy and land reclamation in the region are the most important reasons for
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unsustainable land-use. Similar findings have been reported
by the researches working on sand dunes in different locations along the Mediterranean coast [17-20]. Our results
fully coincide with those published by Uslu and Bal [21]
covering the period between 1947-1992. They report that
the length as well as area of the coastal dunes of Seyhan
delta has been declined, the widest belt of coastal dunes
moved backwards during a 45-years period, and 25.1% of
coastal dunes have been converted to agricultural fields,
orchards and greenhouses [21].
Coastal sand dunes which occur in the study area are
loosing their naturalness due to human pressure, misuse
and unsustainable land-use practices. Rapid growth of population and increasing agricultural activities in the research
area are increasing the pressure over the natural areas in
the Seyhan delta between Tuz lake and river-mouth. Agricultural activities alongside the sand dunes have accel-

erated this, and these areas are expanding by flatting of
the sand dunes.
Vegetables are grown very extensively to be harvested
in early spring on the coastal dunes in the area. Increase in
mechanization has resulted in transforming the sand dunes
rapidly to agricultural areas after the 80’s. Today, cereals,
peanuts and early vegetables and fruits are widely grown
in the area (Photo 1). Wheat cultivation is preferred for
some years because of the ability to grow above-average
yields per acre for less cost. Secondary crops are grown for
higher yield on sand dunes, followed by peanuts after harvesting the wheat and water melons.
Any form of deterioration of the natural potential of
land that affects ecosystem integrity either in terms of reducing its sustainable ecological productivity, or in terms
of its native biological richness and maintenance of resilience. Agricultural activities that cause land degradation include shifting cultivation without adequate fallow periods,

PHOTO 1 - Peanuts, early vegetables and fruits (strawberry, melon, and watermelon)
are widely grown in the area on the sandy soils which were formed by flattening of sand dunes.

PHOTO 2 - Stockbreeding activities are carried out in the decreasing number of pastures around coastal and inland sand dunes.

absence of soil conservation measures, and cultivation of
fragile lands, such as sand dunes in the study area. Population pressure also operates through other mechanisms.

Too many people trying to raise too many animals
lead to overgrazing. This removes grass-cover and vegetation on the sand dunes, and leads to high rates of wind
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and water erosion on them around Tuz lake. Overgrazing
worsens the situation due to conversion of traditional rangelands to croplands. Stockbreeding activities are carried out
in the decreasing number of pastures around the sand dunes
and coastal dunes (Photo 2).
Major land-uses on inland dunes and coastal dunes are
reclamation of sand dunes for agricultural purposes and
transformation of coastal and inland sand dunes to agricultural areas by stakeholders (1), utilization different
materials for construction (2), transportation of sands to
the house-yards (3), usage as seedling medium (4), laying
out sand over infertile fields for betterment of soils (5),
laying out over the roads (6), spreading out in barns (7),
spreading out on the surface of greenhouses (8), spreading
for the seedlings in the vegetable fields (9), and usage as
filling material on sideway parquets (10).
Coastal currents and winds are the main factors that
caused the significant changes like land accretion and erosion, which have been observed between 1972 and 2000
on the delta shoreline. Human interference with sediment
supply also affected the coastline change. Seyhan and Catalan dams which were built on Seyhan river have blocked
the materials brought by the river to the coast. Sediments
on the mouth of the river were carried to the south-east of
the delta by the coastal sea currents and wind. In other
words, due to arrival of little materials, the sand on the
coast was transported to the south-east by dominant northwesterly winds. Also, short cut channels made for irrigation and drainage affected the nature of the delta. Similar
results were observed in the Ceyhan delta which is situated on the east of Seyhan [22]. A man-made short-cut
channel stopped the natural development on Ceyhan delta.
Coastal erosion has become dominant, and the eastern half
of the former delta underwent a strong coastal erosion and
destruction [22].
Overall, based on results from the various analyses and
discussions that have been made, some conclusions can be
drawn from this study.
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ABSTRACT

INTRODUCTION

This paper presents data on the content of macronutrients and trace elements in different grass species cultivated for the purpose of forming a grass cover on fly-ash
deposits of a thermal power station in Serbia. The purpose
of this grass cover is the fixation of the so-called “fly ash”
and reduction of environmental pollution.
The thermal power station is situated near Belgrade,
and its fly-ash deposits cover a large area (about 400 ha).
The chemical composition of fly-ash on these deposits was
rather heterogeneous: it had rather different pH values, concentrations of organic matter, as well as different contents
of macro- and microelements. The total nitrogen and available phosphorus concentrations in fly-ash were low, that
of available Ca and Mg – medium, those of available
potassium and some microelements (Fe, Mn and Zn) elevated, while the total contents of some toxic elements
(As, Hg and Ni) were rather high, or even higher than the
admissible levels for agricultural soils.
In the cultivated grass species, the concentrations of
macroelements (N, P, K, Ca and Mg) were favourable,
with the expected differences for different species and locations. The concentrations of micronutrients were at normal levels for the cultivated grass species. The same also
refers to potentially toxic trace elements, with individual
minor increases (above the usual natural levels) for As and
Ni.

KEYWORDS: thermal power station, fly ash, deposits, grass,
macroelements, trace elements

In Serbia, by far the greatest part of electric power is
produced by thermal power stations, which predominantly
use lignite coal. Some of the major thermal power stations
are situated near Belgrade (Kolubara region). Because of the
great consumption of coal, they produce huge amounts of
fly-ash. Thus, the thermal power station "Nikola Tesla-A"
produces annually about 2.4 x 106 t of fly ash [1], which
has so far been deposited on the land surface, creating
huge deposits, one of which is the investigated deposit with
an area of about 400 ha. Because of wind effects and
leaching by water, they can cause significant pollution of
the surrounding agricultural lands and settlements, as well
as ground and drinking water. To mitigate the above problems, numerous researches [e.g. 2, 3] performed in Serbia
were focused on the biological recultivation of fly-ash deposits, most often by afforestation and/or grass cover forming.
The mineralogical composition of fly-ash from thermal power stations in Serbia is a mixture of crystalline and
amorphous silicates and different oxides, and it consists
mostly of the following elements: Si, then Al and Fe, then
Ca, Mg, K and Ti (ranging between 0.5-5%), while elements, such as Na, P, Mn and others, are below 0.5% [4].
Fly-ash from thermal power stations can be added to agricultural soils as soil amendment, because it contains several essential nutrients: S, Ca, Mg, K, Fe, Mn [5]. Also, flyash can enhance some soil physical characteristics, especially in sandy and lighter clay soils [6, 7, 8].
When fly ash from thermal power station is used for
soil amending, it can cause pollution problems, most often
because of the higher presence of trace elements, namely,
B, As and Se, which have toxic effects on plants and/or
are accumulated in them [9].
This paper presents the chemical composition of fly ash
on the analysed deposits, i.e. the concentration of nutrient
macro and micro elements, as well as potentially toxic
trace elements. Their concentrations were determined also
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in four grass species, which were cultivated for the forming of a grass cover on the surface of the deposits.

after the so-called "wet" combustion of plant samples,
i.e. boiling in the mixture of concentrated acids: HNO3
and HClO4, with filtration and the necessary dilution, and
finally AAS-analyzed.

MATERIALS AND METHODS
Biological recultivation of the investigated fly-ash deposits started in autumn 1998 by sowing a grass mixture
in which the following four species were mostly represented: Lotus corniculatus, Cirsium arvense, Festuca rubra
and Sorghum vulgare, all of which are perennial plants.
Before sowing, the site was fertilized with 1000 kg/ha of
NPK-fertilizer (15:15:15), and in the following year, there
were two nitrogen additions each of 300 kg/ha of fertilizer
calcium ammonium nitrate. In the following years, there
were no interventions and the formed grassland was left
to the effects of natural conditions.
The samples of fly-ash and grass plants were collected in August 2006 from the cassette No. II, i.e. four samples from the flat part of the deposits (1-4), and two samples from the bank (5 and 5a) and topsoil layer (0-20 cm).
At one location (5a), there was no grass cover, so the
plants were taken from the other five sites, separately for
each of the four studied grass species. The locations from
which the samples were taken are given in Fig. 1.
The following main parameters of fly-ash fertility were
determined: pH, carbonates, organic matter, total nitrogen,
as well as available P and K, by applying the usual methods of soil chemical analysis [10]. Also, the concentration
of water-soluble salts was determined by conductometric
method and the levels of available Ca and Mg by extraction with 1M ammonia-acetate and by AAS method. Total
concentrations of trace elements (Fe, Mn, Zn, Cu, Co, Cr,
Pb, Ni, Cd, As and Hg) were determined by atomic absorption spectrophotometry (AAS) after digestion of the
samples with nitric acid and hydrogen peroxide [11]. The
available concentrations of the aforementioned elements
were also determined by AAS method, after extraction with
1M HCl solution (with the correction for carbonates), while
boron was extracted by hot water and determined colorimetrically with azomethine.
The contents of N, P and K in plant samples were determined by so-called “wet” combustion, i.e. they were
heated to boiling with a mixture of concentrated acids:
H2SO4 and HClO4. In the obtained solution, nitrogen was
determined by the method of alkaline distillation and titration, phosphorus - by colorimetry with molybdate, and potassium – by flame photometry. In the determination of Ca,
Mg and the investigated trace elements (except As and Hg),
plant material was converted to a solution by the so-called
"dry" combustion, i.e., first by heating at 550 ºC (for several hours) and then by treating the obtained ash with hydrochloric acid. These elements were determined by AAS
method.
The concentrations of trace elements As and Hg were
determined by hydride generation and cold-vapor AAS

FIGURE 1 – Sampling locations

The results obtained for the investigated grass species
were subjected to statistical analysis (analysis of variance
and lsd test).
RESULTS AND DISCUSSION
Chemical composition of fly-ash from different locations of the investigated deposits was very heterogeneous
(Tables 1 and 2). However, based on the average values,
it had a weak alkaline reaction and a low concentration of
carbonates. The presence of organic matter (4.2%) was
considerable, but it was inert, because it consisted primarily
of the residues of uncombusted coal. This was confirmed
by a very low concentration of total nitrogen (0.043%),
which pointed to a limited capacity of this substrate for
plant cultivation. C/N ratio was very wide (50:1), which
indicated the impossibility of the release of mineral forms
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of nitrogen for plant nutrition, because in these conditions
mineralisation processes are severely retarded, and immobilisation processes prevail.

TABLE 2 - The contents of Fe and trace elements in the investigated fly-ash (in mg/kg; means ± standard deviation and intervals).
Elements
Fe

TABLE 1 - Chemical properties of the investigated fly ash

Mn

7.55
7.25

Standard
deviation
0.85
1.09

6.60-8.45
5.70-8.28

1.48

1.23

0.0-3.0

4.20

1.51

1.48-5.58

0.043

0.015

0.020-0.056

50:1

18:1

(37-83) : 1

Cr

8.1

3.2

3.8-11.8

Pb

29.2

7.9

18.0-41.0

Ni

591

493

173-1503

Cd

Property

Mean

pH in H2O
pH in 1M KCl
CaCO3
(%)
Organic matter
(%)
Total nitrogen
(%)
Ratio - C/N
Available P2O5
(mg/100g)
Available K2O
(mg/100g)
Available Ca
(mg/100g)
Available Mg
(mg/100g)
Ratio Ca/Mg
EC25 (1:5) - mS/cm
Soluble salts
(%)

Range

Zn
Cu
B
Co

23

16

10-54

As

16:1
0.167

2.8:1
0.067

(12-19) : 1
0.087-0.238

Hg

0.06

0.02

0.03-0.07

Still, this substrate showed some favourable properties for plant growing, such as mainly high concentrations
of available potassium, medium concentrations of available Ca and Mg, while the concentration of water-soluble
salts was low (Table 1). Also, the amounts of total microelements (Mn, Zn, Cu, Co, Cr, Pb, Ni, Cd) and Fe (Table
2) in this fly-ash were similar to those in unpolluted soils
[12]. Only the concentration of total As was on the average above the admissible level (25 mg/kg) for agricultural
soils [13], while the concentrations of mercury were elevated, and in one sample higher than the admissible level
(2 kg/mg).
The available concentrations of essential trace elements
(Table 2) were very high for Fe and Mn, but medium for
Zn, Cu, Co and B. This statement is based on the limiting
values that are valid in Serbia for the methods used to determine the available forms of the aforementioned elements.
Soluble boron, which is usually one of the major problems
for plant growing on fly-ash deposits, because it is often
present in toxic amounts [9], was leached during the course
of time from the investigated fly-ash deposits. At some
places, the value for available boron (0.1 mg/kg) even indicated its potential deficit for plant nutrition. A high value
of available boron (3.5 kg/mg) was found only at one location (5a - bank), and at that place there was no grass cover,
probably because of this fact.
The available concentrations of potentially toxic elements (Pb, Cr, Ni, Cd, As and Hg) in the fly-ash were
similar to those found in some alluvial soils and cambisols
in Serbia [14], with somewhat elevated concentrations of
Ni, As and Cr.

Total
31400±12500
18800-55600
526±168
361-805
17±8
8-29
21±8
10-33
8.5±2.3
5-12
59±24
30-94
8.2±5.5
3-17
66±18
38-93
1.58±0.34
1.25-2.15
29±15
15-48
0.90±1.07
0.28-3.07

Available
481±297
36-858
77±20
44-95
4.0±1.2
1.8-5.4
2.1±1.2
0.7-4.1
1.0±1.3
0.1-3.5
1.6±0.5
0.8-2.1
4.3±1.8
2.2-7.0
0.2±0.2
0.0-0.5
9.7±2.3
5.6-11.4
0.20±0.10
0.10-0.30
1.3±1.2
0.3-2.9
< 0.01
< 0.01

Based on the presented chemical composition, the studied fly-ash of the thermal power station can be partly considered as a favourable substrate for plant cultivation. It has
adequate qualities of a fertile substrate, it has no surplus
salts and soluble toxic elements, but during the formation
of the grass cover, it was necessary to eliminate the great
lack of nitrogen, and to supplement the insufficient concentration of phosphorus by intensified and more frequent
fertilization.
The concentrations of macronutrients in the investigated grass plants (Table 3), with major variations due to
unhomogeneous substrate, ranged within the usual values
for these grass species [15]. The grasses were well supplied
with K and Ca, while their supply with N, P and Mg was
somewhat less. This indicates that the plants absorbed sufficient amounts of macroelements, either from the added fertilizers or the fly-ash itself. The investigated macroelements
could be arranged in the following order, with respect to
their content in the grass plants: K>N>Ca>P>Mg.
The essential microelements, Fe, Mn, Zn, Cu, Co and
B, were found in satisfactory concentrations (Table 4),
which ranged within normal limits for plants [12]. Of
course, there were more or less variations depending on
the grass species and locality on the deposits. The concentrations of potentially toxic trace elements (Cr, Pb, Ni, Cd,
As and Hg) were within the admissible and normal limits
for plants [16, 17]. Only in individual cases, somewhat
higher concentrations were found for elements As and Ni.
The lsd values presented in Tables 3 and 4 enable us
to see where there are statistically significant differences
between the investigated grasses, with respect to the content of the examined elements.
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TABLE 3 - The content of macroelements in grass plants cultivated on
slag disposals (in % of dry mass; means ± standard deviation and intervals).
Grass species
Lotus corniculatus
Cirsium arvense
Festuca rubra
Sorghum vulgare var. sudanense
lsd (0.05)

lsd (0.01)

N
2.29±0.15
1.75-2.44
1.78±0.32
1.53-2.26
0.90±0.28
0.55-1.24
1.19±0.32
0.90-1.65
0.41 0.57

P
0.18±0.05
0.11-0.22
0.18±0.04
0.14-0.25
0.09±0.05
0.06-0.17
0.13±0.03
0.08-0.15
0.06 0.08

K
3.21±0.58
2.64-3.96
5.24±0.85
1.94-6.54
1.63±0.83
0.72-2.94
2.23±0.58
1.50-3.12
0.98 1.36

Ca
0.29±0.04
0.23-0.32
1.14±0.27
0.93-1.59
0.16±0.08
0.10-0.26
0.23±0.12
0.12-0.39
0.21 0.30

Mg
0.06±0.01
0.05-0.07
0.16±0.10
0.04-0.27
0.06±0.05
0.01-0.14
0.10±0.10
0.01-0.25
0.10
0.14

TABLE 4 - The content of microelements in grass plants cultivated on slag disposals (in mg/kg; means ± standard deviation and intervals).
Grass species

Fe

Mn

Zn

Cu

B

Co

Cr

Pb

Ni

Cd

As

Hg

Lotus corniculatus

535±471
99-1202

46±37
13-93

24±8
15-30

6.3±2.6
4-10

26±16
11-43

3±2
1-6

1.2±0.3
0.9-1.7

0.6±0.4
0.3-1.2

7.5±3.5
4-11

0.23±0.05
0.20-0.30

1.5±0.9
0.6-2.5

< 0.1

362±96
216-447
405±315
141-889
425±240
110-691
401
555

29±16
18-58
59±62
14-159
30±20
14-60
52
72

52±9
45-68
16±7
6-25
46±30
18-97
23
32

10.4±2.1
7-12
2.0±0.7
1-3
3.8±1.9
2-7
2.6
3.6

51±32
18-84
11.4±6.5
4-18
11.8±4.3
8-17
24.8
34.3

2.4±0.5
2-3
3.0±2.2
2-6
3.2±2.0
1-5
2.2
3.1

1.1±0.3
0.8-1.6
0.2±0.2
0.1-0.6
0.5±0.2
0.3-0.7
0.4 0.5

0.5±0.4
0.1-1.2
1.0±0.6
0.5-1.9
1.0±0.6
0.4-1.7
0.7
1.0

5.2±1.3
4-7
2.8±2.2
1-6
3.4±2.3
1-7
3.2
4.4

0.31±0.11
0.20-0.50
0.13±0.06
0.05-0.20
0.12±0.08
0.05-0.25
0.11
0.15

2.1±1.3
0.3-3.4
1.1±0.6
0.4-2.0
1.2±0.5
0.7-1.8
1.2
1.7

< 0.1

Cirsium arvense
Festuca rubra
Sorghum vulgare
var. sudanense
lsd (0.05)
lsd (0.01)

CONCLUSIONS
The results of this paper indicate that the investigated
fly-ash from the deposits of thermal power station had
sufficient amounts of nutrient elements (K, Ca, Mg, Fe,
etc.), which made it a favourable medium for the cultivation of some plants. The great shortage of nitrogen and
insufficient amounts of phosphorus can be eliminated by
intensified fertilization. A favourable quality is that there
is mainly no surplus content of toxic trace elements in this
fly-ash, particularly in soluble form.
Grass cultivation aimed at the stabilization of fly-ash
was performed with success, the plants contained normal
amounts of both macro- and micronutrients, and they did
not contain the inadmissible amounts of potentially toxic
trace elements.
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TRACE METALS IN MARINE MACROALGAE
SAMPLES FROM THE İSKENDERUN BAY, TURKEY
M. Perçin Olgunoğlu* and Sevim Polat
University of Çukurova, Faculty of Fisheries, Department of Basic Sciences, 01330 Balcalı Adana, Turkey

ABSTRACT
İskenderun Bay, located in the most north-eastern part
of Mediterranean Sea, is potentially threatened by anthropogenic activities, such as fishing, shipping, and industrial
ones. The aim of the present study was to monitor the heavy
metal pollution in three different stations at İskenderun Bay.
For this purpose, two macroalgae samples (Padina pavonia
(Phaeophyta) and Jania rubens (Rhodophyta) were collected, and the levels of iron (Fe), copper (Cu), lead (Pb),
and cadmium (Cd) were measured by AAS analysis. In P.
pavonia and J. rubens samples, heavy metal concentrations
decreased in the following order: Fe > Pb > Cu > Cd. When
the seasonal changes of heavy metals in J. rubens and P.
pavonia were examined, it was generally found out that the
accumulation amounts of Fe, Cu and Pb have their higher
levels in autumn and decreased towards spring. The concentrations of heavy metals were higher in J. rubens than
in P. pavonia samples, collected at the same stations. According to the results of the present study, J. rubens could
be proposed as a bioindicator species for the evaluation of
heavy metal-loading in Eastern Mediterranean, together
with P. pavonia.

substances, which can be consumed by herbivores, they
constitute the first step in the nutritional chain [4]. Aquatic
plants can accumulate heavy metals, either essential or nonessential, from their living environments. Benthic marine
algae have long been known to concentrate metals several
thousand times higher than their concentration in seawater.
Macroalgae are often considered as a valuable indicator of
heavy metal pollution in coastal areas because of their
high accumulation potentials facilitated by the presence of
thiols and peptides [5-6].
Although taxonomic studies have been mostly carried
out in this area, the information on the heavy metal accumulation in macroalgae species is scarce for Mediterranean
coasts of Turkey. The objective of the present study was to
collect the information about the heavy metal-loading of
the İskenderun Bay, seasonal by analysing the heavy metal
contents of two marine macroalgae species in the period
of 2003-2004. The potential of these macroalgae as bioindicator species was also evaluated to monitor the pollution of the Bay.
MATERIALS AND METHODS

KEYWORDS: heavy metals, macroalgae, bioindicator, Iskenderun
Bay, bioaccumulation.

Sampling Areas

INTRODUCTION
The İskenderun Bay, situated in the eastern-most part
of the Mediterranean Sea in the south of Turkey, is 65 km
long and 35 km wide, and has 2275 km2 surface area [1].
In this region of the Mediterranean, industries are expanding, and most of them are cement factories, textiles, tin,
iron, and steel factories, aluminium works, battery factories,
as well as wood processing, power station, rubbish treatment, food conserving ones and oil refineries [2]. Urban and
industrial activities in coastal areas introduce significant
amounts of pollutants into the marine environment [3].
Because the algae, an important photosynthetic producer, synthesize the organic nutrients from the inorganic

The upper infralittoral region of İskenderun Bay, which
is located in the eastern Mediterranean region of Turkey,
was selected for the present study. Sampling areas were between the latitude of 36°44' - 36°42' and the longitude of
35°45' - 36°11' (Fig. 1).
Sample Collection and Processing

P. pavonia (Linnaeus) (Phaeophyta) and J. rubens (Lamouroux) (Rhodophyta) samples collected from İskenderun
Bay (Fig. 1), at monthly intervals from August 2003 to July
2004. Monthly obtained samples were evaluated on a seasonal basis. P. pavonia and J. rubens were hand-picked in
the subtidal zone at a depth of about 2-3 m. Three samples
were collected at each station. About 500 g fresh weight
of algal sample was harvested. Samples were not found at
sampling sites during some seasons.
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FIGURE 1 - The map of the research area (S1 Yumurtalık, S2 Botaş, S3 Pirinçlik).

The algal samples were rinsed in the seawater at the
sampling site, and transferred to the laboratory at the same
day in refrigerated conditions. They were cleaned in tap
and distilled water to remove sand, particulate matter, and
epiphytes. Then, they were dried at room temperature on
filter paper.
Analysis of the Heavy Metal Contents

Wet digestion method was applied to concentrate the
heavy metals. Air-dried algae samples (2 g) were put into
a glass beaker, 20 ml conc. nitric acid (HNO3) was added,
and then samples were heated on a hot plate to 120-130 °C,
until solution remained clear for about 4 h. The solution was
filtered through Whatman (589/3, Blue band-type) filter
paper. Then, the solution was diluted to 50 ml with distilled
water.
The standard solutions of metals were prepared from
a stock standard solution of ultrapure grade supplied by
Merck. All chemicals used in sample treatment were of
extrapure grade (HNO3 65 %, Merck). All glassware was
cleaned prior to use by soaking in 10% v/v HNO3 and
rinsed with distilled water [7].
Heavy metal (Fe, Cu, Pb, and Cd) contents were determined by using a 3100 Model Perkin Elmer Atomic Absorption Spectrometer. All concentrations are presented as
µg g-1 wet weight. Detection limits for Fe, Cu, Pb and Cd

are <0.05 µg g-1, <0.02 µg g-1, <0.125 µg g-1 and <0.0091 µg
g-1, respectively.
Statistical Analysis

Statistical differences among heavy metal contents in
different stations and seasons were tested by the one-way
analysis of variance (ANOVA) with the Duncan post-hoc
test using the SPSS 13.0 statistical software (SPSS Inc,
Chicago, IL, USA).

RESULTS
Heavy metal contents of J. rubens and P. pavonia differed among seasons and stations studied. Tables 1-8 show
the seasonal changes in heavy metal contents of macroalgae collected at three stations.
Heavy Metal Contents of J. rubens

Minimum mean Fe concentration of all seasons and
stations was determined as 364.58 µg g-1 at S1 in spring, and
the maximum one as 591.67 µg g-1 at S3 in autumn. Level
of Fe at S1 significantly decreased in spring and summer,
compared with the level in autumn (Table 1). After the
comparison of the stations, it was observed that Fe concentrations of all stations show similarity in all seasons.
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TABLE 1 - Seasonal mean concentration (µg g-1) of Fe in J. rubens samples at the 3 sampling stations. Letters a and b show the
differences between seasons at the same stations, letter x shows the differences between stations at the same season, and data
with different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D. : Arithmetic Mean ± Standard Deviation.
Stations
S2

S1

S3

X ± S.D.

X ± S.D.

X ± S.D.

590.00±83.55ax
552.08±63.83abx
364.58±137.26bx
378.13±144.37bx

542.50±33.14ax
491.67±73.24ax
367.50±98.75ax
450.83±165.76ax

591.67±97.40ax
503.13±34.37ax
545.83±88.46ax
405.83±148.67ax

TABLE 2 - Seasonal mean concentration (µg g-1) of Cu in J. rubens samples at the 3 sampling stations. Letters a and b show the
differences between seasons at the same stations, letter x shows the differences between stations in the same season, and data
with different letters are significantly different at the p<0.05 level (N=3).

Stations
S2

S1
Seasons
Autumn
Winter
Spring
Summer

X ± S.D.: Arithmetic Mean ± Standard Deviation

X ± S.D.

X ± S.D.

6.17±1.15ax
5.17±1.60abx
5.00±1.00abx
3.50±0.50bx

6.33±1.04ax
4.67±0.57ax
4.25±1.25ax
5.00±0.50ax

S3

X ± S.D.

5.83±1.25ax
4.50±0.50ax
5.00±2.64ax
4.33±1.04ax

TABLE 3. Seasonal mean concentration (µg g-1) of Pb in J. rubens samples at the 3 sampling stations. Letters a and b show
the differences between seasons at the same stations, letters x and y show the differences between stations in the same season.
Data showing different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D.: Arithmetic Mean ± Standard Deviation

S1

Stations
S2

S3

X ± S.D.
26.04±1.80ax
18.75±3.12ax
23.95±1.80ax
18.75±6.25ax

X ± S.D.
33.33±7.86ay
22.92±1,80bx
18.75±0.00bx
23.95±1,80bx

X ± S.D.
25.00±0.00ax
25.00±0.00ax
21.87±8.26ax
23.95±1.80ax

TABLE 4 - Seasonal mean concentration (µg g-1) of Cd in J. rubens samples at the 3 sampling stations. Letter a
shows the differences between seasons at the same stations, letter x that between stations in the same season. Data with
different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D.: Arithmetic Mean ± Standard Deviation

S1

Stations
S2

S3

X ± S.D.
1.74±0.13ax
1.44±0.69ax
2.35±0.73ax
1.71±0.79ax

X ± S.D.
2.05±0.45ax
1.52±0.65ax
2.05±0.00ax
2.27±0.60ax

X ± S.D.
1.74±0.26ax
1.93±0.11ax
1.82±0.00ax
1.82±0.22ax

Minimum mean Cu concentration was determined as
3.50 µg g-1 at S1 in summer, and maximum mean one,
6.33 µg g-1, at S2 in autumn. Cu concentration significantly decreased from autumn to summer at S1 (Table 2).
With regard to S2 and S3, seasonal differences of Cu are
not significant. After the comparison of the stations, it
was found out that the differences were insignificant for
all seasons.

Minimum mean Pb concentration of all seasons and
stations was determined as 18.75 µg g-1 at S1 in both winter
and summer seasons, and at S2 in spring. Maximum mean
Pb level was 33.33 µg g-1 at S2 in autumn. After comparison of Pb at S1 and S2, with respect to seasons, no significant differences were determined (p>0.05), but Pb at S2
was significantly higher in autumn than in other seasons
(Table 3). This high autumn level of Pb at S2 decreased
towards spring, and slightly increased again in summer.
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Minimum mean Cd concentration was determined to
be 1.44 µg g-1 at S1 in winter, and maximum mean was
2.35 µg g-1 at the same station in spring. After the comparison of seasons and stations with respect to Cd concentration, no significant differences were observed (Table 4).
Heavy Metal Contents of P. pavonia

Minimum mean Fe was 191.87 µg g-1 at S2 in spring,
and maximum one was 575 µg g-1 at S1 in winter. Fe was
high at S1 and S2 in autumn and winter, but significantly
decreased in summer and spring (p<0.05). At S3, sufficient
sample could not be obtained for the analysis in autumn.
The differences between the stations in autumn and winter
were not significant. The highest Fe levels in spring and
summer were found at S3, being statistically significant.
Increase of Fe at S3 in summer was also found to be statistically significant, with regard to the values of S1 and S2
(Table 5).

Minimum mean Cu concentration (1.25 µg g-1 at S2)
were found in spring, and maximum ones (4 µg g-1 at S2
and S3) in autumn and summer. Seasonal differences were
found to be insignificant for S1 and S3. Cu decreased from
autumn to spring at S2, which is statistically significant
with respect to autumn (Table 6).
Minimum and maximum mean Pb concentrations
were determined for S2 in spring and autumn as 4.69 µg g-1
and 12.50 µg g-1. Pb concentration decreased in winter,
with respect to autumn, but increased in summer. Pb decreased from autumn to spring, and when compared to the
other seasons, this decrease was found to be statistically
significant. No significant difference was found between
stations in autumn, winter and summer. However, Pb concentration was significantly higher at S1 than S2 in spring
(Table 7).

TABLE 5 - Seasonal mean concentration (µg g-1) of Fe in P. pavonia samples at the 3 sampling stations. Letters a, b and c show the differences between seasons at the same stations, letters x,y and z those between stations at the same season. ♣: sign symbolizes that no sample
was found. Data showing different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D. : Arithmetic Mean ± Standard Deviation

S1

Stations
S2

S3

X ± S.D.

X ± S.D.

X ± S.D.

550.00±31.25ax
575.00±50.00ax
362.50±6.25bx
362.92±115.04bx

556.25±18.75ax
548.33±55.92ax
191.87±4.37by
377.08±53.15cx

♣
468.75±000ax
499.17±152.28az
502.50±65.00ay

TABLE 6 - Seasonal mean concentration (µg g-1) of Cu in P. pavonia samples at the 3 sampling stations. Letters a and b show the differences
between seasons at the same stations, letter x shows the differences between stations at the same season. ♣: sign symbolizes that no sample was
found. Data showing different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D. : Arithmetic Mean ± Standard Deviation

S1

Stations
S2

S3

X ± S.D.

X ± S.D.

X ± S.D.

3.75±0.75ax
3.75±1.75ax
3.17±1.44ax
2.67±1.25ax

4.00±1.00ax
3.00±1.80abx
1.25±0.75bx
3.00±0.86abx

♣
2.50±0.00ax
3.00±2.29ax
4.00±1.00ax

TABLE 7 - Seasonal mean concentration (µg g-1) of Pb in P. pavonia samples at the 3 sampling stations. Letters a, b and c show the differences between seasons at the same stations, letters x and y those between stations at the same season. ♣: sign symbolizes that no sample was
found. Data with different letters are significantly different at the p<0.05 level (N=3).

Seasons
Autumn
Winter
Spring
Summer

X ± S.D. : Arithmetic Mean ± Standard Deviation

S1

Stations
S2

X ± S.D.
10.93±1.56ax
7.03±2.34bx
9.38±0.00abx
8.33±1.80abx

X ± S.D.
12.50±3.25ax
8.85±3.25bx
4.69±0.00cy
8.33±1.80bx
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S3

X ± S.D.
♣
6.25±0.00ax
7.03±2.34axy
9.38±0.00ax
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Minimum mean Cd values were 0.45 µg g-1 at S1 in
autumn and S2 in spring, whereas maximum mean Cd level
was 1.36 µg g-1 at S2 in autumn. Cd increased at S1 from
autumn to summer, and when compared to autumn and
spring seasons, this increase was found to be statistically
significant. At S2, Cd decreased from autumn to spring,
and began to increase in summer. Cd at S3 increased statistically significant in summer, in comparison with winter
and spring. Cd in autumn was higher at S2 than S1. After
comparison of Cd levels in all seasons, it was found that
the difference between stations in autumn is statistically
significant, whereas those in winter, spring and summer
are not (Table 8).
TABLE 8 - Seasonal mean concentration (µg g-1) of Cd in P. pavonia
samples at the 3 sampling stations. Letters a, b and c show the
differences between seasons at the same stations, letters x and y
show that between stations at the same season. ♣: sign symbolizes
that no sample was found. Data with different letters are significantly different at the p<0.05 level (N=3).
Standard Deviation
S1
Seasons
Autumn
Winter
Spring
Summer

X ± S.D.

0.45±0.00ax
0.79±0.34abx
0.68±0.00ax
1.13±0.45bx

X ± S.D. : Arithmetic Mean ±
Stations
S2

X ± S.D.

1.36±0.00ay
0.83±0.13bcx
0.45±0.22bx
1.06±0.34acx

S3

X ± S.D.
♣
0.68±0.00ax
0.68±0.22ax
1.13±0.22bx

DISCUSSION
In this study, seasonal changes of Fe, Cu, Pb and Cd
concentrations of J. rubens and P. pavonia from different
places in İskenderun Bay were studied.
When the results were examined, it was concluded
that the heavy metal levels in macroalgae samples show
discrepancies, possibly depending on their morphological
characteristics, position in tidal zone, interactions with
other heavy metals, as well as seasonal and environmental
factors [8, 9].
In P. pavonia and J. rubens, heavy metal concentrations decreased in the following order: Fe > Pb > Cu >
Cd. The heavy metal levels in suspended materials were
also examined seasonally in İskenderun Bay by Türkmen
and Türkmen [2], and metal concentrations decreased in
the same order Fe > Pb > Cu >Cd. The size order of
heavy metals in P. pavonia samples obtained by Tunçer
[10] and Bildacı [11] from İzmir and İskenderun bays,
and in Corallina mediterranea obtained by Mohamed and
Khaled [12] from the coasts of Egypt, was found to be Fe
> Zn > Pb > Cu > Cd. Size order of heavy metal contents
in P. pavonia collected from the coasts of Favignan Island
were determined to be Fe > Pb > Cu > Cd [13]. In another
study, conducted by Conti and Cecchetti [14], this order
was found to be Zn > Cu > Pb ≥ Cr > Cd, for the same
species collected from Tyrrhenian coasts of Italy.

Size order for J. rubens and Cystoseira sp. from the
coasts of Yumurtalık in İskenderun Bay was reported to
be Fe > Pb > Zn > Cu >Cd [11], but was Zn > Pb > Cu >
Cd in the studies of Al-Masri et al. [15] and Abdallah et
al. [16] with J. rubens and Laurencia papillosa collected
from Syrian and Egypt’s Red Sea coasts.
Fe which exists in higher amount in nature than other
metals was found to be mostly accumulated in macroalgae. In the study on P. pavonia and J. rubens of Bildacı
[11] in the same region, Fe was found to be 327.7 µg g-1
and 366.5 µg g-1, respectively, also higher than the other
metals, but lower than the results of this study. As a consequence of this, it can be said that Fe level in the Bay
increased with time.
Cd, which exists in smaller amount in nature than
other metals, was found to be the least accumulated one in
all algal species, in accordance with results of Al-Masri et
al. [15], who found 0.78 mg kg-1 and < 0.1 mg kg-1 for P.
pavonia and J. rubens species collected from the Mediterranean coasts of Syria. In studies of Turkey’s Black Sea
coasts, Topçuoğlu et al. [17] and Topçuoğlu et al. [18]
determined Cd levels of C. barbata as 0.09 µg g-1 and 0.4
µg g-1, respectively. Cd was 0.57 µg g-1 in P. pavonia
collected from the coasts of Tenerife Island (Italy) [19].
On the other hand, maximum and minimum Cd concentrations in P. pavonia at the Tyrrhenian coast (Italy) were
determined as 0.39 µg g-1 and 0.66 µg g-1, respectively
[14].
İskenderun Bay is one of the most densely industrialized coastal regions of Turkey. Many industrial facilities
like petroleum filling plants, fertilizer factories, iron-steel
factories and shipping activities etc. are there in operation.
Heavy metal concentrations were found to be high in J.
rubens and P. pavonia which are subjected to various
pollutants in this region.
After examining the seasonal levels of Fe, Cu, Pb and
Cd for J. rubens and P. pavonia, it was concluded that J.
rubens accumulates metals in higher quantities than P.
pavonia. In the study of Al-Masri et al. [15], it was reported that the highest accumulation of Cu and Pb occurred in J. rubens, whereas Bildacı [11] found for Yumurtalık that J. rubens accumulates more metals than P.
pavonia. At Egyptian coasts, it was claimed that Corallina mediterranea, a red algae species, accumulates the
highest Pb levels of all algae examined, and this peculiarity is associated with its calcification characteristics, and,
therefore,. C. mediterranea was suggested to be a good
indicator for this metal [12]. For this reason, C. mediterranea and J. rubens, which belong to the same family and
have similar morphological and calcification characteristics as C. mediterranea, can be used as indicators to determine Cu and Pb pollutions in marine areas.
Many studies reported that brown algae have especially been used as bioindicator of heavy metal pollution,
due to alginic acid in their cell walls [20, 21]. It was also
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reported that Padina species are resistant to long-term heavy
metal accumulation [22]. However, the possible reason of
the observed accumulation in J. rubens, compared to P.
pavonia, is the large surface area of J. rubens and/or different bioaccumulation capacities of these species [23]. According to the results of the present study, Padina species
could be proposed as bioindicator species for the evaluation of heavy metal-loading in the Eastern Mediterranean,
together with J. rubens.
After the examination of seasonal changes of heavy
metal concentrations in J. rubens and P. pavonia, it was
concluded that the highest accumulation amounts of Fe, Cu
and Pb occur in autumn, and these amounts begin to decrease towards spring. In the study conducted in İskenderun
Bay by Türkmen and Türkmen [2], Fe concentration in
suspended particulate matter was higher in summer than
any other seasons, and that suspended particulate matter is
important in detecting the metal inputs in sea coming
from terrestrial environments. In our study, Fe concentrations in both species were higher in autumn, with regards
to the biological cycles of microalgae. Seasonal changes
of the metal concentrations detected in macroalgae were
reported to depend on their age and different metallic contaminants found in the ambient [24]. Furthermore, considering the increasing metal accumulation accompanied by
the increase in heat, it can be said that metal accumulation
increasing in summer reaches its highest level in autumn.
Seasonal changes of the metal contents detected in
macroalgae were reported to be associated with the metabolic occurrences, like rapid growth rates in summer or
slow ones in winter [25].
CONCLUSION
Different industrial activities and seasonal climatic
changes affected the metal accumulation in macroalgae.
Because the project of Baku-Tbilisi-Ceyhan oil pipeline will
increase the industrial and shipping activities in the
İskenderun Bay, biomonitoring studies should be conducted continuously with macroalgal species as well as in
the other steps of the nutritional chain, in order to evaluate the heavy metal-loading in this Mediterranean region.
According to the results of the present study, P. pavonia
and J. rubens could be used for this purpose.

REFERENCES
[1]

Avşar, D. (1999) Physico-chemical characteristic of the eastern Mediterranean in relation to distribution of the new Scyphomedusae (Rhopilema nomadica) (in Turkish). Turkish
Journal of Zoology, 23(2): 605-616.

[2]

Türkmen, A. and Türkmen, M. (2004) The seasonal variation
of heavy metals in the suspended particulate material in the
İskenderun Bay (north-eastern Mediterranean Sea, Turkey).
E.U. Journal of Fisheries & Aquatic Sciences, 21 (3-4): 307311.

[3]

Manfra, L. and Accornero, A. (2005) Trace metal concentrations in coastal marine waters of the central Mediterranean.
Marine Pollution Bulletin, 50: 682-697.

[4]

Sze, P. (1998). A Biology of the Algae. 3rd edition,
Georgetown University, Boston, 1-278 p.

[5]

Lee, W. Y. and Wang, W. X. (2001) Metal accumulation in
the green macroalga Ulva fascita: effects of nitrate, ammonium and phosphate. The Science of the Total Environment,
278: 11-22.

[6]

Muse, J. O., Stripeikis, J. D., Fernandez, F. M., d’Hucque, L.,
Tudino, M. B., Carducci, C. N. and Troccoli, O. E. (1999)
Seaweeds in the assesment of heavy metal pollution in the
Gulf San Jorge, Argentina. Environmental Pollution, 104: 315322.

[7]

IAEA-MESL (1998). International atomic energy agency,
marine environmental laboratory, marine environmental studies laboratory, standard operating procedure for trace metals
determination. Monaco. 11-12.

[8]

Kalesh, N. S. and Nair, S. M. (2005) The accumulation levels
of heavy metals (Ni, Cr, Sr, Ag) in marine algae from southwest coast of India. Toxicological & Environmental Chemistry, 87: 135-146.

[9]

Fytianos, K., Evgenidou, G. and Zachariadis, G. (1999) Use
of macroalgae as biological indicators of heavy metal pollution in Termaikos Gulf, Greece. Bull. Environmental Contamination Toxicology, 62: 630-637.

[10] Tunçer, S. (1985) Comperative investigation of heavy metal
concentrations in some mollusks, algae and their environment found in İzmir and Çandarlı (Aliağa) Bay (in Turkish).
Ege University Hydrobiology and Water Product Research
Application Centre. PhD Thesis, 1- 86.
[11] Bildacı, I. (1992) Investigation of metal, radioactivity and organic matter pollution in algae from east Mediterranean region (in Turkish). Cukurova University, Institute of Natural
and Applied Sciences. Chemistry Department, PhD. Thesis,
95 p.
[12] Mohamed, L. A. and Khaled, A. (2005) Comparative study
of heavy metal distribution in some coastal seaweeds of Alexandria, Egypt. Chemistry and Ecology, 21: 181-189.

ACKNOWLEDGEMENTS
The financial support for this project (SÜF2003D1)
from Çukurova University Scientific Research Commission is gratefully acknowledged.

[13] Campanella, L., Conti, M. E., Cubbada, F. and Sucapane, C.
(2001) Trace metals in seagrass, algae and molluscs from an
uncontaminated area in the Mediterranean. Environmental
Pollution, 111: 117-126.
[14] Conti, M. E and Cecchetti, G. (2003) A biomonitoring study:
trace metals in algae and molluscs from Tyrrhenian coastal
areas. Environmental Research, 93: 99-112

600

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

[15] Al-Masri, M. S., Mamish, S. and Budier, Y. (2003) Radionuclides and trace metals in eastern Mediterranean Sea algae.
Journal of Environmental Radioactivity, 63: 157-168.
[16] Abdallah, A. M. A., Abdallah, M. A. and Beltagy, A. I. (2005)
Contents of heavy metals in marine seaweeds from the Egyptian Coast of Red Sea. Chemistry and Ecology, 21: 399-411.
[17] Topçuoğlu, S., Güven, K. C., Balkıs, N. and Kırbaşoğlu, Ç.
(2003) Heavy metal monitoring of marine algae from the
Turkish Coast of the Black Sea, 1998-2000. Chemosphere.
52: 1683-1688.
[18] Topçuoğlu, S., Güven K.C., Kırbaşoğlu Ç., Güngör N., Ünlü,
S. and Yılmaz, Y. Z. (2001) Heavy metals in marine algae
from Şile in the Black Sea, 1994-1997. Bulletin Environmental Contamination Toxicology, 67: 288-294.
[19] Lozano, G., Hardisson, A., Gutierez, A. J. and Lafuente, M.
A. (2003) Lead and cadmium levels in coastal benthic algae
(seaweeds) of Tenerife, Canary Island. Environment International, 28: 627-631.
[20] Hashim, M.A. and Chu, K.H. (2004). Biosorption of cadmium by brown, green and red seaweeds. Chemical Engineering Journal, 97: 249-255.
[21] Rodolfo, B., Picado, L. and Real, C. (2002) Biomonitoring
heavy metals in estuaries: a field comparison of two brown
algae species inhabiting upper estuarine reaches. Environmental Monitoring and Assessment, 75: 121-134.
[22] Nassar, C. A. G., Salgado, L. T., Valentin, Y. Y. and Filho,
G. M. A. (2003) The effect of iron–ore particles on the metal
content of the brown alga, Padina gymnospora (Espirito Santo Bay, Brazil). Environmental Pollution, 123: 301-305.
[23] Filho, G. M. A., Karez, C. S., Andrade, L. R., YoneshıgueValentin Y. and Pfeiffer, W. C. (1997) Effects on growth and
accumulation of zinc in six seaweed species. Ecotoxicology
and Environmental Safety, 37: 223-228.
[24] Haritonidis, S.and Malea, P. (1999) Bioaccumulation of metals by the green alga Ulva rigida from Thermaikos Gulf,
Greece. Environmental Pollution,104: 365-372.
[25] Filho, G. M. A., Andrade, L. R., Karez, C.S., Farina, M. and
Pfeiffer, W.C. (1999) Brown algae species as biomonitors of
Zn and Cd at Spetiba Bay, Rio de Janeira, Brazil. Marine Environmental Research, 48: 213-224.

Received: September 11, 2007
Accepted: November 26, 2007

CORRESPONDING AUTHOR
Mine Perçin Olgunoğlu
University of Çukurova
Faculty of Fisheries
Department of Basic Sciences
01330 Balcalı, Adana
TURKEY
Phone: +90 322 3386084
Fax: +90 322 338 64 39
E-mail: mineper@yahoo.com
FEB/ Vol 17/ No 5/ 2008 – pages 589 - 595

601

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

PREPARATION AND PHOTOCATALYTIC CHARACTERISTICS
OF BARIUM FERRITE LOADING WITH TiO2 PARTICLES
Jinyu Chu*, Qi Yu, Chundu Wu, Changle Cao and Ning Li
School of Environment, Jiangsu University, Zhenjiang, Jiangsu 212013, China

SUMMARY
Barium ferrite loaded with TiO2 photocatalyst (TiO2/
barium ferrite) was prepared by sol–gel method, followed
by heat-treatment at 450 °C. The obtained samples were
characterized by X-ray diffraction (XRD), transmission
electron microscopy (TEM), ST-2000B surface area and
pore-size distribution detector, UV-Vis spectrometer and
vibrating sample magnetometer(VSM). The photocatalytic
experimental results demonstrate that TiO2/barium ferritepowder can effectively photodegrade methyl-blue (MB)
under UV illumination. The photocatalytic activity of TiO2/
barium ferrite combined particles is the highest (97.8%)
when barium ferrite content is 20%. Photocatalytic activity decreased when the content was lower or higher. Magnetization of the anatase TiO2-loaded barium ferrite particles was reduced, compared with unloaded ones, because
of the contribution of the volume of the non-magnetic TiO2
to the total sample volume, while the coercivity does not
show much change after loading.

KEYWORDS: TiO2/barium ferrite, loading, magnetic photocatalyst,
UV-light irradiation.

Most of the magnetic photocatalysts are formed in a
core-shell structure [15-18], because heat-treatment lowered the specific surface area and the amount of surface
hydroxyl groups of TiO2, eventually decreasing the photocatalytic activity of the magnetic photocatalysts. Heat
treatment can also lead to oxidation of the magnetic core,
resulting in loss of magnetic properties. However, completely forming a photocatalyst in a core-shell structure needs a
relatively strict or complicated process, and most of the
pure iron oxide particles are of a low heat stability.
In this paper, we report on the research of the industrial
barium ferrite loaded with TiO2. Industrial barium ferrite
(main component BaFe12O19) is a magnetic material widely
used in the fields of aeronautics, astronautics and electronic
manufacturing. This magnetic material possesses a high
heat-stability due to heat-treatment during its producing
process. Therefore, it will keep the magnetic properties to a
great extent during the heat-treatment of the photocatalyst
producing process, even though the material is exposed on
the surface of the TiO2. The characterization of the magnetic composite photo-catalyst titania/barium ferrite and the
factors influencing its photocatalytic activity are investigated in this paper.

INTRODUCTION

MATERIALS AND METHODS

Titanium dioxide (TiO2) is an important catalyst and
catalyst support. In particular, it is regarded as the best
photocatalyst for decomposing refractory organic pollutants in water and air [1-3]. However, when treating pollutants in water, there are, at least, two obvious problems
arising from using fine TiO2 powders: separation of photocatalyst from reaction media is difficult, and particulate suspensions are not easily applicable to the continuous process [4]. Recently, it has been reported that many
particles have been coated with TiO2 to synthesize magnetic photocatalytic particles [5-7], to recover the photocatalytic particles from the treated water stream by applying
an external magnetic field, such as NiFe2O4 [8], ZnFe2O4
[9], Sr2CeO4 [10],	
  CoFe2O4 [11], as well as Fe3+ cations
[12, 13] and γ -Fe2O3 [14].

Experimental

Industrial barium ferrite was purchased from Hongdong
Electronics Co. Ltd (Changzhou, China). Tetrabutyl titanate,
ethanol, and glacial acetic acid (analytical grade) were obtained from Shanghai Chemical Reagent Company (Shanghai China), and distilled water was used to prepare the solutions.
Preparation of anatase TiO2/barium ferrite photocatalyst

Barium ferrite loaded with titania powder was prepared
by sol–gel process, and the weight ratio of barium ferrite to
titania was 1.5%. The titania sol was synthesized by mixing a Ti(OBu)4/C2H5OH/C2H4O2 solution (volume ratio of
Ti(OBu)4/C2H5OH/C2H4O2 = 1/2.5/0.4) and a C2H5OH/H2O
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solution (volume ratio of C2H5OH/H2O = 1/0.1) with vigorous stirring for 2 h, and, subsequently, industrial barium
ferrite was added into the above titania sol by sonication
and continuous stirring until it became titania gel. The gel
was dried in the oven at 80 °C for 24 h, and then calcined at
450 °C for 3 h, and eventually ground into fine powders.

indicating that there was no new phase formation at the
interface between titania and barium ferrite, and suggesting
that there is no solid reaction between BaFe12O19 and TiO2.

Photocatalysis experiments

C

Intensity

In order to test the photocatalytic behavior of these prepared TiO2/barium ferrite composite particles, photodegradation of methylene blue (MB) in water has been chosen as a test reaction. The experiments were carried out in
a Pyrex glass of the photochemical reactor keeping the
experimental temperature at 25 °C, and UV-light was
obtained by two mercury lamps. Aqueous solutions of
MB (150 ml, 10 mg/L) and photocatalyst particles were
placed in a Pyrex vessel. At given intervals of UV illumination, the specimen of the suspension was collected and
analyzed by UV-Vis spectroscopy to monitor the decolorization efficiency of MB. Its concentration was determined from absorbance at 664 nm, and decolorization
efficiency of MB was calculated as follows:
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FIGURE 1 - XRD patterns of (A) pure TiO2, (B) TiO2/barium ferrite
(calcined at 450 °C for 3 h), and C) pure barium ferrite particles.

R = ( 1 − C ) × 100%	
 
C0

where C0 and C are the concentrations of MB, when
reaction is 0 and t, respectively.
0

500 C

Intensity

Characterization of TiO2/ barium ferrite composite

The phase structure of the powder was identified using
XRD (Bruker D8 diffractometer with Cu radiation (λ =
1.54 Å) in a 2θ-range of 10-80°. Light absorption properties
were measured UV/Vis-spectrometrically (UV-2450, Shimadzu) in the range of 200-800 nm. The BET surface area
was determined by ST-2000B surface area and pore-size distribution detector (PuQi, Beijing). Transmission electron
microscopy (TEM) images were taken with a Philips
Tecnai-12 transmission electron microscope operating at
120 KV. The magnetization measurements were carried out
at room temperature by using a vibrating sample magnetometer (Lake Shore Corporation, American).
RESULTS AND DISCUSSION
XRD and BET results

Fig. 1 shows the XRD patterns of pure TiO2, TiO2/
barium ferrite calcined at 450 °C for 3 h and pure barium
ferrite particles. In the pattern of barium ferrite (Fig. 1C),
all the peaks appearing can be well-indexed as the M-type
of BaFe12O19 (JCPDS patterns no. 43-0002), due to the fact
that the main component of industrial ferrite is BaFe12O19.
Both characteristic peaks of TiO2 show that the pattern
agrees with anatase structure (JCPDS file no. 21-1272) (Fig.
1A), and BaFe12O19 also appeared in TiO2/barium ferrite
(Fig. 1B), indicating that barium ferrite is not coated completely by TiO2 but loaded with it. No extra peaks occurred,
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FIGURE 2 - XRD patterns of TiO2/ barium
ferrite calcined at 400, 450 and 500 °C.

Fig. 2 illustrates the XRD patterns of TiO2/barium ferrite calcined at 400, 450 and 500 °C. It can be seen that the
diffraction peaks at corresponding diffraction angles of
anatase phase became much sharper when temperature
increased and the full-width at half-maximum (FWHM) became narrow from 400-500 °C. It means that phase transformation from anatase to rutile did not take place when
TiO2/barium ferrite powder was calcined at temperatures
below 500 °C, and anatase grain sizes turn bigger with
temperature increase. Both of the diffraction peaks of anatase TiO2 and the BaFe12O19 appear in the three samples,
indicating that barium ferrite was successfully loaded
with TiO2.
The BET-specific surface areas of pure TiO2, barium
ferrite and TiO2/barium ferrite are listed in Table 1. TiO2/
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barium ferrite is of an obviously higher BET than pure
TiO2, which means that crystal size is notably diminished
after barium loading with TiO2. Smaller crystal size, as well
as higher BET surface area of TiO2/barium ferrite photocatalyst will greatly improve efficiency of light energy utilization, provide a larger absorption site on the catalyst surface for MB, and, therefore, photoactivity will be higher.
TABLE 1 - BET surface area of industrial
barium ferriteTiO2 and TiO2/barium ferrite.
Sample
TiO2
Industrial barium ferrite
TiO2/barium ferrite

Crystal phase
Anatase
Anatase

BET surface area (m2/g)
10.2016
9.2164
63.8373

DRS results

UV-Vis absorption spectra of the samples (barium ferrite, TiO2/barium ferrite, pure TiO2) are displayed in Fig. 4.
A sudden increase of the absorption at <400 nm can be
assigned to the intrinsic band gap absorption of TiO2. It is
obvious that the UV-Vis spectra of TiO2/barium ferrite
show an increase in absorbency in the ultraviolet (<400 nm)
region caused by barium ferrite loading with TiO2. UV–Vis
absorption spectra of TiO2/barium ferrite are not red shifted
obviously, but there is another absorption in the visible
region, with regard to that of pure TiO2. This is associated
with the presence of barium ferrite that has absorbency in
the visible light region, attributed to the synergistic action between TiO2 and barium ferrite.

TEM result

1.4

The TEM micrograph of typical TiO2/barium ferrite
particles is shown in Fig. 3. This TEM image is from the
precursor sample heat-treated at 450 °C for 3 h. The barium ferrite is magnetic and has absorbed more electrons
than TiO2, which is a semiconductor material. Therefore,
the magnetic material region is dark, while the TiO2 region
is brighter in TiO2/barium ferrite particles. It can be clearly
seen that TiO2/barium ferrite composite particles have not
a complete core-shell structure. A part of the barium ferrite
is coated by the TiO2 shells, whereas certain quantities of
barium ferrite are exposed on the TiO2 surface. Free barium ferrite was not found. The edges of the particles showed
that the surface of the coated particles is quite rough, and
that they are composed of smaller subunits. Knowing that
a smooth surface indicates a dominance of surface nucleation and growth process [13], this provided strong evidence
to suggest that a heterocoagulation mechanism prevailed
in the present system. From Figs. 1 and 3, we can draw the
conclusion that barium ferrite particles were well-loaded
with crystalline TiO2.
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FIGURE 4 - UV–Vis absorption spectra of (A)barium
ferrite, (B) TiO2/ barium ferrite, and (C) pure TiO2
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FIGURE 5 - Hysteresis loop at room temperature of
barium ferrite (A) and TiO2/barium ferrite particles (B).
Analyze of magnetism of TiO2/ barium ferrite particles
FIGURE 3 - TEM micrograph of the TiO2/barium
ferrite composite particles (bars correspond to 50 nm).

The magnetic properties of uncoated and coated barium ferrite particle powders were measured by VSM, as
shown in Fig. 5. The magnetic parameters, such as satura-
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tion magnetization (Ms) and coercivity (Hc), are given in
Table 2. The values of Ms decreased in the composite TiO2/
barium ferrite which is due to the presence of nonmagnetic TiO2 loading. The calculated Ms values are based on
the weight of barium ferrite alone in the coated particles
[11]. It is quite obvious that TiO2 does not affect the specific
magnetization. Meanwhile, the coercivity of TiO2/ barium
ferrite particles does not show much change after loading,
because coercivity represents the property of the magnetic
material and is determined by the strength and number of
the magnetic dipoles in the magnetic domain, and relations
between adjacent magnetic domains [1]. All in all, the loading with TiO2 does not change the magnetic properties of
barium ferrite particles.
TABLE 2 - Magnetic parameters of
barium ferrite loaded and unloaded with TiO2
Content of barium ferrite in
TiO2/barium ferrite (wt.%)
A
53
1438
100
B
10
1148
20
Ms = saturation magnetization, Hc = coercivity
Ms (emu g-1)

Sample

Hc (Oe)

1.0

A

0.8

C/C0

0.6
0.4
B
C
D
E

0.2
0.0

0

60

120

180

240

was 20% (curve F), and photocatalytic activity decreased
with lower or higher contents. The presence of barium ferrite, especially for low levels of barium ferrite doping, retards the re-combination rate of electron-hole pairs and enhances photocatalytic activity. When barium ferrite doping
concentration is large, they function as recombination centers and re-duce photocatalytic activity [19, 20].
CONCLUSION
The barium ferrite loading with titania photocatalyst
was prepared by sol–gel method. The DRS results show
absorbency in both the ultraviolet and visible light region
by barium ferrite-loading with TiO2. The magnetic measurements indicate the reduction of magnetization of the
anatase TiO2-loaded barium ferrite particles compared with
the unloaded pure ones because of the contribution of the
volume of the non-magnetic TiO2 to the total sample volume, while the coercivity does not show much change after
loading. The photocatalytic experiment for the degradation
of MB indicates that the TiO2/barium ferrite powders can
effectively photodegrade MB under UV illumination,
whereas reactivity was hardly observed on the pure barium
ferrite photocatalyst. The photocatalytic activity of the
prepared TiO2/barium ferrite particles is at its maximum
(97.8%) with 20% barium ferrite, and photocatalytic
activity decreases at lower or higher levels. The synthesized hard magnetic composite particles can not only be
recovered, but also fluidized by applying an external magnetic field enhancing both separation and mixing efficiencies for treating water and air.

F
300
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FIGURE 6 - Concentration changes of methylene blue vs. UV irradiation time with different photocatalysts (TiO2/barium ferrite
particles with different contents of barium ferrite: (A) 100%, (B)
15%, (C) 40%, (D) 35%, (E) 30% and (F)	
 20%, respectively.
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Photocatalytic activity for the
decomposition of methylene blue (MB)

The photocatalytic activity of the TiO2/barium ferrite
particles prepared for the decomposition of methylene blue,
as a function of barium ferrite content under UV irradiation,
is shown in Fig. 6. Curve (A) is of pure barium ferrite particles for the decomposition of methylene blue, which
indicates that the dye is scarcely degraded in the absence
of photocatalyst under UV irradiation. Curves (B), (C),
(D), (E) and (F) represent the same TiO2 amount in the
composite of TiO2/barium ferrite particles with weight
ratios of barium ferrite/TiO2: 15%, 40%, 35% 30% and
20%, respectively. From Fig. 6, we can see that the photocatalytic activity of the prepared TiO2/barium ferrite particles was the highest (97.8%) when barium ferrite content
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ABSTRACT
The present study brings out the recent concepts of
virtual water and virtual water trade, and applies the bottom-up approach for the estimation of regional virtual water
trade balance. Thessaly, the principal agricultural region of
Greece and the area that suffers the most from waterscarcity, is used as an example, where such estimation can
serve as an alternative for water saving. The agricultural
sector in Thessaly is responsible for 1,600 x 106 m3 of water consumption per year, which equals Israel's annual water
demand. The results of Thessaly's virtual water regarding
main agricultural crops produced in 2005 showed that Thessaly exported 1,189 x 106 m3, but imported 36 x 106 m3 of
virtual water in this year. Thus, Thessaly exploits its water resources, principally through agricultural activity, by
producing and exporting agricultural products, mainly industrial crops and cereals, which require a lot of water in
order to be produced, and imports goods fundamentally,
arable crops, vegetables and olive groves, whose water needs
are not so elevated. If Thessaly imported cotton instead of
exporting it and produced more vegetables and arable crops,
rather than importing them, the pressure on the water resources would have been reduced, at least by 34%. Thus,
virtual water can serve as an alternative for water saving
in regions such as Thessaly. However, to reach both significant water saving and environmental sustainability at the
regional level, virtual water should be regarded in relation
with the implementation of sustainable farming and sustainable water use.

KEYWORDS:
Virtual water, bottom-up approach, Thessaly, Greece.

contained in the agricultural products is the highest, compared to that embodied in the rest of the commodities. So
far, several studies have been carried out to estimate the
actual global water saving as a result of international
virtual water trade (VWT) [2-5]. Nevertheless, including
VWT as a policy tool to mitigate water scarcity requires
not only the estimation of the water saving related to international, but also to regional trade regimes within a
country [6]. However, research in this field is still limited,
mainly due to the absence of regional exportation and importation data. To overcome this limitation Ma et al. [7] and
Valazquez [8] used the bottom-up instead of the top-down
approach.
Towards this direction, the present work aims: (a) to
apply the bottom-up approach and the theoretical VW concept (the amount of water that would have been used in
the region of interest) for the estimation of VWT balance
regarding main agricultural goods in the plain of Thessaly,
Greece's principal agricultural region, which faces serious
water supply problems [9-10], and (b) to analyse the perspectives of using VW as a water-saving alternative for
the improvement of water use efficiency in Thessaly.
Nevertheless, it should be underlined that this work
aims to be only a first step in this direction, since the improvement of water use in Thessaly requires careful consideration of various fundamental issues, including economic
growth, land availability, labour, crop return per unit
of land, pricing of agricultural water use, and individuals'
environmental awareness. Issues that should be further
investigated in future studies.
MATERIALS AND METHODS

INTRODUCTION

Study area - Thessaly

Allan [1] firstly defined virtual water (VW) as the water necessary for creating a product, and since agriculture
is the main productive sector in terms of water use, the VW

Thessaly occupies the central part of mainland
Greece (Fig.1). It covers an area of 485,300 ha, 36% of
which is lowland, 17% is semi-mountainous and 47% is
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mountainous. According to the census of population in
2001 [12], it has a permanent population of 740,115. Thessaly is considered to be the principal agricultural region of
Greece, as its plain is the most intensely cultivated and
productive agricultural area in the country. Moreover,
Thessaly's geographical position is a distinct asset, since
its agricultural produce can be transported readily and
quickly to the large urban centres of consumption, such as
Athens and Thessaloniki, and also exported abroad [13].
The cultivated land covers 36% of the total area of the

region. The main crops cultivated are cotton, wheat, maize
and sugar beet. Among them, cotton is one of the major
agricultural exports of Greece. The climate is Mediterranean continental. The total water availability is about 3,064
x 106 m3, which consists of 2,558 x 106 m3 surface water
and 506 x 106 m3 ground water. Irrigation is the main water-use in the area, accounting for 1,600 x 106 m3, as presented in Fig. 2 [15], an amount enough to cover the total
water demand of nations such as Israel [16].

1,600
1,400
3

1,200

6

(x10 m )

Water consumption

FIGURE 1 - Map of the study area [14].

1,000
800
600
400
200
0

Domestic

Environmetal
needs

Irrigation

FIGURE 2 - Annual water consumption in Thessaly by category (Source: H.M.E.P.P.P.W., 2005 [15]).
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The current water supply system is through self-service
boreholes, and collective networks supplied by boreholes
or by waters from the River Pinios under the jurisdiction
of the local organisations of land reclamation (T.O.E.B.).
It is estimated that 76,950 ha are being irrigated through
collective irrigation networks, supplied mainly by boreholes, and 112,450 ha through private boreholes [17], which
predominated not only due to their effectiveness, but also
because they seem to apply to the mentality of Greek farmers who prefer to have private control on the water that they
use. The main factors that have led to the expansion of
water demand for irrigation and the construction of a great
number of boreholes are: a) intensification of agriculture
[18], b) subsidies for water intensive crops such as cotton
and corn, c) financing of boreholes construction, d) reduction in precipitation up to 34% in the period 1982-2001
[19], e) the age and the type of the irrigation networks (open
channels) leading to significant water losses, due to high
levels of evaporation, absorption and leakage, and f) mismanagement of water resources due to lack of a rational
management scheme (European Commission, 2002) deriving from fragmented governmental water management policies. The Thessaly water basin is currently water-deficient
[17], while a lack of adequate water storage infrastructure
results in the loss of millions of cubic meters of water.
The most dominant pricing regime for collective networks is an area-based payment, where the farmers pay
depending on the size of land they irrigate, and the type of
the crop, regardless of the quantity of water they consume.
The price covers part of the operation and maintenance
costs, which are, however, relatively high. This is due to
groundwater levels being very low and the main type of
networks being open channels, which result in significant
energy costs being imposed on farmers.

Crop area CAi [ha]

Methodology

Hoekstra and Hung [20] defined VWT balance of a
country over a certain time period as the net import of VW
over this period, which is equal to the gross import of VW
minus the gross export. Virtual-water export refers to the
volume of water used domestically for making export products, which are consumed elsewhere, whereas virtual-water
import can be regarded by two distinct approaches. One is
from the production point of view, and the other from the
consumption point of view. The first approach quantifies
imported virtual water as the real water used in the production of a commodity and it is production site specific, as it
depends on the production conditions. In the second approach, the imported virtual water content is defined as the
theoretical amount of water that would have been required
to produce the product in the place where the product is
used or consumed. A positive VW balance implies net inflow of VW to the country from other countries, and a negative balance means net outflow of VW [20].
The estimation of a regional VWT balance application gets more difficult since, in most of the cases, crops'
exportation and importation data disaggregated according
to the province of origin or destination do not exist. This
impediment can be overcome by using the bottom-up approach and consumption data instead of exportation and
importation data. In the bottom-up approach, the VW balance is found by multiplying all goods and services consumed by the inhabitants of a country and by the respective water needs for those goods and services [7, 8].
The four successive steps in estimating the net VW, regarding agricultural products, by using the bottom-up approach, are presented schematically in Fig. 3. The first step

Crop production
CPi [ton]

Crop yield
CYi= CPi / CAi [ton ha-1]

Crop water
requirements
CWRi [m3 ha-1]

Specific water use
WUi= CWRi / CYi [m3 ton-1]

Crop consumption Coni
[ton]

Net virtual water
NetVWi = (CPi – Coni ) WUi [m3]

FIGURE 3 - Steps in calculating the regional VW based on Ma et al. [7] and Velazquez [8].
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requires gathering the information regarding (a) the area
occupied by each kind of crop, named as crop area (CAi)
and expressed in hectares, and (b) the production that has
been obtained by each kind of crop, named as crop production (CPi) and expressed in tons. Dividing the CPi by the
CAi, the crop yield (CYi) is obtained, expressed in tons per
hectare.
The second step requires knowing the water requirements of each crop, named as crop water requirements
(CWRi) and expressed in cubic meters per hectare. Dividing the CWRi by the CYi, the specific water use of each
crop (WUi) is obtained, expressed in cubic meters per tons.
The third step requires gathering information regarding the consumed quantity of each kind of crop in a certain
year and region, named as crop consumption (Coni), and is
expressed in tons.
Finally, the net virtual water used in a certain region in
a certain year (NetVWi) expressed in cubic meters, is obtained by subtracting the Coni from the CPi, and by multiplying the outcome by the WUi. A negative NetVWi means
that the region imports VW, while a positive NetVWi suggests that VW is exported from the region.
The information regarding the crop area and the yearly
production can easily be obtained from databases of National Statistics Departments, which publish the relevant
data at prefectures' and/or municipalities' level. Data on crop
water requirements can be calculated using the FAO's
(Food and Agriculture Organization) CropWat model for
Windows [21, 22], which is available on the web-site of
FAO (www.fao.org). The model estimates the water needs
of the crops according to the place where they were cultivated, and to other parameters, such as geography, weather,
edafology, evapotranspiration, etc.). The estimation of the
consumption quantity can also be acquired from National
Statistics Departments, which publish databases regarding
the per capita consumption of agricultural products for each
year, at prefectures' and/or municipalities' level.
Data used for the estimation of Thessaly's VWT balance

The information regarding Thessaly's crop area and
the yearly production were taken from the relative 2005
databases of the National Statistics Service of Greece
(NSSG). These databases discriminate between irrigated
and rain-fed land. Nevertheless, the data that refer to the
total cropland were used in the estimation, since the production data did not state this difference. Data on crop water
requirements were calculated using the FAO's CropWat
model for Windows [21-22], available on FAO website
(www.fao.org). The estimation of the consumption quantity was based on the finalised dataset of the NSSG regarding the per capita consumption of agricultural products for
2005, as no finalized data regarding the per capita consumption are available for 2006. For this reason, 2005 was
chosen as the most recent year with available data for the
estimation of VW. The calculation of the NetVWi was done
with the assumption that all the goods consumed in Thessaly were also produced in Thessaly (theoretical VW). Oth-

erwise, the amount of water used by the regions that Thessaly had imported the goods would have been estimated,
which is out of the purposes of the current study, which
focuses on the estimation of the amount of water that
Thessaly would have needed when having produced these
goods, and not imported them.
RESULTS AND DISCUSSION
Analysis of Thessaly's virtual water

Table 1 summarises the obtained and calculated data
regarding the main agricultural cultivations of Thessaly.
For better data interpretation, the cultivations were classified into the general categories they belonged to. This classification produced the following seven product categories: cereals, arable crops, industrial crops, vegetables, vineyards, orchards, and olive groves. Fig. 4 shows that the
production-consumption balance is positive for cereals,
industrial crops and orchards, while it is negative for arable
crops, vineyards and olive groves. This suggests that cereals, industrial crops, and orchards have also an exporting
trade balance, while the rest of the products have an importing trade balance. This means that Thessaly exports the
quantities of products not consumed, and imports product
quantities in order to cover its consumption needs. This
trade balance can be turned into a virtual water trade balance by the calculation of the NetVWi. The NetVWi for the
seven product categories is presented in Fig. 5, which shows
that Thessaly exported 1,189 x 106 m3 of virtual water in
2005, which corresponds to 71% of Thessaly's annual water
demand, while it imported 36 x 106 m3 of virtual water.
Thus, Thessaly exploits its water resources by producing
and exporting agricultural products, mainly industrial crops
and cereals, which require a lot of water in order to be produced (WUi, Table 1), and fundamentally imports goods,
arable crops, vegetables and olive groves, whose water needs
are not so elevated.
The amount of water exported in industrial crops, which
is the highest among the crop groups examined in the present study, is mainly due to the exportation of cotton. The
high NetVW exportation figures of cereals are due to hard
wheat and maize, whereas the elevated NetVW importation figures are due to soft wheat.
As for the group of arable crops, the water importation
is due to dry beans and lentils, whereas the highest imports
in the group of vegetables is due to leak, and in the olive
groves group to the olives for oil.
As Thessaly utilizes large amounts of virtual water in
its exports, especially that of cotton (NetVW = 569 x 106
m3) and, in turn, it does not produce goods with low water
requirements, the potential water savings would have been
very significant, if the terms of Thessaly's trade were different. In other words, if Thessaly produced more vegetables and arable crops, rather than importing them, and if
importing cotton instead of exporting it, the pressure on the
water resources would have been reduced, at least by 30%.
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TABLE 1 - Yield, production, consumption and net virtual water, Thessaly, 2005.
Crops

CP
(tons)

CY
(tons/ha)

Cereals
Soft wheat
35,077
2.94
hard wheat
349,838
2.75
Barley
36,089
3.01
Oats
2,945
1.86
Rye
1,503
2.10
Maize
366,166
11.56
Total cereals
791,618
4.28
Arable crops
Dry beans
662
1.56
Chick-peas
723
1.19
Lentils
609
1.53
Total arable crops
1,994
1.39
Industrial crops
Tobacco
14,373
3.23
Cotton
541,968
3.63
Sugarbeet
642,720
70.77
Total industrial crops
1,199,061
7.36
Vegetables
Watermelon
109,447
34.52
Total potato
25,755
20.06
Cabbage-cauliflower
17,799
22.09
Leak
7,903
23.17
Dry onions
11,811
26.73
Industrial tomato
323,191
68.32
Fresh tomato
47,981
39.00
Total vegetables
543,887
45.31
Vineyards
Wine grapes
23,000
10.78
Table grapes
13,315
4.59
Total vineyards
36,315
7.21
Orchards
Pear
28,101
29.99
Apple
77,672
49.95
Peach
27,532
29.99
Apricot
5,627
29.62
Almond
15,592
10.02
Total orchards
154,524
29.97
Olive groves
Olive for table
17,792
2.70
Olive for oil
60,799
3.01
Total olive groves
78,591
2.93
*Negative NetVWi means import and positive NetVWi means export of VW.

Con
(tons)

WU
(m3 ton-1)

NetVW
(x 106 m3)

60,000
150,000
30,000
3,500
2,300
240,000
485,800

2,243.57
2,359.73
2,156.64
3,503.38
3,100.80
562.26
1,521.95

-55.92*
471.56*
13.13
-1.94
-2.47
70.94
465.44

2,738
1,000
2,099
5,837

2,543.32
3,369.85
2,603.00
2,860.04

-5.28
-0.93
-3.88
-10.99

5,000
250,000
200,000
455,000

1,773.22
1,950.17
113.05
942.66

16.62
569.39
50.05
701.40

14,845
26,644
12,000
544,342
11,000
30,000
15,000
653,831

177.58
330.96
226.33
51.79
209.47
81.23
197.45
119.24

16.80
-0.29
1.31
-27.78
0.17
23.82
6.51
-13.11

30,000
7,000
37,000

1,159.78
2,752.99
1,742.46

-8.12
17.39
-1.19

4,000
17,023
6,700
5,000
11,102
43,825

195.03
121.54
195.02
197.50
605.85
198.13

4.70
7.37
4.06
0.12
2.72
21.93

8,141
77,714
85,855

1,625.89
1,460.20
1,497.71

15.69
-24.70
-10.88

Production

1,200,000

Consumption

1,000,000
800,000
600,000
400,000
200,000
0

Cereals

Arable
crops

Industrial
crops

Vegetables Vineyards

Orchards Olive groves

FIGURE 4 - Production and consumption of agricultural products, Thessaly, 2005.
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FIGURE 5 - Net virtual water (x 106 m3) of agricultural products, Thessaly, 2005.

This productive and commercial state of affairs in Thessaly raises questions regarding the economic, social, environmental, technological and institutional reasons for the
present economic and agricultural specialization. Moreover,
the following questions are raised: What commercial incentives given by the institutions have brought about this specialization? How do the measures of the new CAP and its
reforms, have an effect on this specialization process? What
groups would benefit from this situation, and what groups
would loose out, if the situation were changed?
All these questions, and many others, are beyond the
scope of the present work. Still, the implementation of VW
as an alternative for water-saving in water-scarce regions
such as Thessaly should be regarded in relation to these
questions. In fact, the productive state in Thessaly is about
to change due to the application of the new CAP [23], and
its reforms, which are directed to the reduction of cotton
and tobacco production (http://europa.eu.int/comm/agriculture/capreform/index_en.htm), and due to the implementation of 2003/30 European Union Directive [24] on the promotion of the use of biofuels, which is expected to promote the cultivation of bioenergy plants in Thessaly. If cotton production is reduced in Thessaly, the question that
arises is which other regions or countries could undertake
the production without facing the same water-scarcity problems. Thus, switching crops and importing rather than exporting VW are only a few steps towards water saving.
Regions such as Thessaly have great need of the application of sustainable farming, which should meet environmental, economic, and social objectives simultaneously.
Moreover, proper works for balancing the water resources
between water-scarce and urban regions with high consumption of VW are needed, such as the restoration of regional lakes. The restoration of Karla Lake in Thessaly, for

instance, is expected to help for groundwater enrichment,
providing the area with sustainable water supply through
the self-service boreholes, Greece's favorite regional water
supply system that has led to salinization problems in the
groundwater through excessive and uncontrolled pumping.
Nevertheless, for accomplishing sustainable water supply individuals' environmental awareness and change of
peoples' consumption habits is crucial. Labeling of the
products with their VW content could help consumers to
start shopping more consciously, by not buying, for instance, products which are water intensive.
CONCLUSIONS
The plain of Thessaly, Greece's principal agricultural
region, which faces serious water supply problems, is an
example, where the estimation of regional VWT balance
can serve as a new perspective for water-saving in the area.
The calculation of Thessaly's VW, regarding the main crops
cultivated in the region, showed that Thessaly utilises large
amounts of VW, mainly in the exports of industrial crops
and cereals, and, in turn, it does not produce goods with low
water requirements. If Thessaly imported cotton instead of
exporting it, and would produce more vegetables and arable
crops, rather than to import them, the pressure on the water
resources would have been reduced at least by about 30%.
The present work shows that VWT can play an important role towards water-saving in Thessaly. However,
to reach both significant water-saving and environmental
sustainability in such regions, VW should be regarded in
relation with the implementation of sustainable farming
and sustainable water-use.
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LONG-TERM ASSESSMENT OF AIRBORNE
PARTICULATE CONCENTRATIONS IN PATRAS, GREECE
Panayotis C. Yannopoulos*
Environmental Engineering Laboratory, Department of Civil Engineering, University of Patras, 265 00 Patras, Greece

ABSTRACT
This is the first effort for the long-term assessment of
the Patras air quality based on concentration measurements
of total suspended particulate (TSP) and particulate matter
less than 10 µm in size (PM10), performed in urban and
suburban locations during the period 1991–2003. Diurnal
variations of 1–h concentrations indicate the two–main–
peaks characteristic pattern of primary air pollutants. Mean
monthly concentrations show that maxima are most frequently met in the cold period for all locations, as expected
due to the existence of more pollution sources and lower
mixing heights than in the hot period. PM10 levels monitored at all Patras locations are comparable to the annual
limit of the European Communities (EC) Council Directive
1999/30/EC. The daily EC limit is exceeded for more than
the allowed times per calendar year regarding nearby harbour locations, while the air quality is gradually improved
with increasing distance from the sea. Patras air quality is
better than that in Athens, Thessaloniki and Kozani, and is
in the third place among the best of six Greek cities with
available data for the year 2001. Present findings are essential for the Patras air pollution abatement strategy and future environmental studies.

KEYWORDS: Air quality assessment, particulate matter, PM10,
TSP, urban/suburban concentrations.

considered as synergistic [1], alike to the World Health
Organization (WHO) which had linked the 1987 guidelines for SO2 with TSP. Later studies have indicated that
the fine fraction of suspended particulate matter that can
be inhaled, as particles with a 50% cut–off aerodynamic
diameter of 10 µm (PM10) or smaller in size, is correlated
rather stronger to morbidity and mortality health effects
than coarse fraction [2]. As a consequence, EC established
PM10 limits, which should be met gradually at 1 January
2010, starting from 1 January 2001 [3], without linking
any longer PM10 with SO2, in accordance to WHO [4]. All
regions of the world were recently addressed, and uniform
stringent guidelines and targets for air quality, including
particulate matter, were provided [5].
The present study deals with the overall presentation
and long-term assessment of TSP and PM10 concentrations measured by the Environmental Engineering Laboratory (EEL) of the Civil Engineering Department of the
University of Patras during 1991–2003, as well as PM10
measurements during 2001-03 available by the Department of Environment & Planning of the Region of Western Greece (RWG–DEP). The present findings will be
useful in epidemiological and environmental studies for
the Patras development.

MATERIALS AND METHODS
INTRODUCTION

Programs and Sampling Locations

The city of Patras is the third largest city of Greece
(153,344 and 167,602 inhabitants according to 1991 and
2001 census, respectively), and the western gate of the
country with a busy harbour and many links to Ionian
Greek Islands and Italy. Air pollution in Patras originates
from road and harbour traffic, house central heating, sporadic emissions due to industrial and service enterprises,
and background air pollution.
The air quality limit and guide values for sulfur dioxide (SO2) and total suspended particulates (TSP), initially
established by the European Communities (EC), had been

Seven programs for airborne particulate sampling and
analysis have been carried out in the major Patras area by
the EEL so far (Table 1). EEL Programs 3 and 4 were
taking place simultaneously, using 1–h and 24–h sampling
durations at nearby locations A1 and A, respectively.
Note that during EEL Program 6, a number of five 24–h
sampling runs was performed, using a high–volume air
sampler in parallel with the TSP continuous operation
analyzer at the same site. Long-term monthly and yearly
statistical wind data are reported elsewhere [6], while
Table 2 includes relevant wind data for the period of EEL
Program 7.
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TABLE 1 - General characteristics of EEL Programs for airborne particulate monitoring in Patras.
EEL
Program

Sampling dates

1

Nov 1–29, 1991

TSP

1

May 6, Oct 14, Oct 17, Oct 23–24, Dec 2–3, 1991

TSP

1

July 1–31, 1992

TSP

1

June 23–25, June 29, July 27, 1992

TSP

Oct 1–31, 1992

TSP

Sep 28–29, Nov 2, 1992
Oct 4–31, 1992

2
3
4
5
6

7

Particulate Typical sampling Sampling
type
duration (h)
location

Filter type

Number
of runs

A1

Cellulose (Ø4 in.)

49

C1

Cellulose (Ø4 in.)

8

A1

Glass fiber (Ø4 in.)

87

1

C1

Glass fiber (Ø4 in.)

8

1

A1

Glass fiber (Ø4 in.)

97

TSP

1

C1

Glass fiber (Ø4 in.)

4

TSP

24

A

Glass fiber (8×10 in.)

27

Oct 3, Nov 1, 1992

TSP

24

C1

Glass fiber (8×10 in.)

2

Mar 4–Apr 7, 1993

TSP

24

A

Glass fiber (8×10 in.)

25

Mar 2, Apr 8, 1993

TSP

24

C1

Glass fiber (8×10 in.)

2

July 1, 1994 – Jan 30, 1995

TSP

1

A

Glass fiber tape

Cont.*

Nov 2–4, Nov 20, Nov 22, 1994

TSP

24

A

Glass fiber (8×10 in.)

5

Mar 18 – Aug 23, 1995

TSP

1

B

Glass fiber tape

Cont.

Apr 19 – July 27, 1996

TSP

1

C

Glass fiber tape

Cont.

Oct 27, 1994

TSP

24

C1

Glass fiber (8×10 in.)

1

Oct 4, 2002 – Mar 2, 2003

PM10

1

E

Glass fiber tape

Cont.

* Continuous operation of TSP beta–attenuation analyzer
Note: Workday and shopping conditions:
a)
For EEL Programs 1 to 6, 08:30–14:00 except Sunday; 17:00–20:30 Monday, Tuesday, Thursday, Friday
b)
For EEL Program 7, 08:00–14:30 Monday, Wednesday, Saturday; 08:30–14:00, 17:30–20:30 Tuesday, Thursday, Friday

Sampling locations A, A1 and B in downtown Patras,
location E at a relatively open area of Patras (1.2 km northeast from the shoreline, outside the historical part and market of the city), and locations C and C1 in Patras University Campus have been used by the EEL Programs, as
shown in Fig. 1. In addition, RWG–DEP had conducted
PM10 continuous monitoring at locations A and F during
2001–2003, and data had been analyzed by EEL. Locations
A, A1, B, C and C1 have been described in detail elsewhere [6]. Location E was 3.1 m northeast and approximately 20 m southeast from the kerbsides of Amerikis
Street and the National Road Patras–Athens. It concentrated
all the features of a suburban area, with ground surface inclination approximately 2.5% from east to west and an
altitude of 27 m above sea level. The major area surrounding location E was built with 18 m-high apartment buildings of moderate density and a 40% built area of plots.
TABLE 2 - Statistical frequencies (%) and
directions of prevailing winds monitored in Akti
Dymeon Str. during the period of EEL Program 7.
Month
Oct 02

Calm
11

N
18

NE
19

E
23

SE
31

S
31

SW
20

W
22

NW
18

Nov 02

19

27

28

27

35

38

28

25

23

Dec 02
Jan 03

14
4

27
12

35
19

27
11

27
14

27
40

21
19

17
8

18
6

Feb 03

11

30

32

24

23

20

15

16

18

13

23

26

23

27

31

21

19

FIGURE 1 - General view of Patras areas
of major interest and sampling locations.

18
Period
Note: Calm is defined for wind speed less than 0.5 m s-1. The calm frequency is added on the frequencies of the wind directions (Source:
RWG-DEP).

The pollution rates and dispersion conditions of location E are among downtown Patras and the University Campus. Dispersion conditions depend upon local and temporal characteristics, and a measure of dispersion quality
is the mixing height. In general, the mixing height over
land is low during inversions (morning, evening and night
hours), and increases significantly during the early after-
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noon hours [7]. Annually, the lowest mixing heights giving the worst dispersion conditions are observed in winter,
and the highest with the best dispersion in summer. The
daytime mixing height depends linearly on the location
distance from the shoreline [8]. Consequently, during daytime, dispersion conditions are better at location E than at
locations A, A1 and B. In general, location E is mainly
influenced by the high traffic of the nearby National Road
Patras–Athens and central heating, in combination with
related emissions transferred from downtown Patras and
the harbour under the frequent SW winds 44% in summertime and 29% during November, while during the monitoring period this effect was observed subsided to a maximum 28% in November 2002 and minimum 15% in
February 2003.

181 µg m-3), although based on 1–h and 24–h sampling
runs performed by different personnel and sampling equipment. The continuous monitoring measurements (Program 6)
indicated that the monthly levels at locations A and B during the cold period (October – March) were higher than
those during the hot period of the year. These observations
are in agreement to related concentrations measured in other
areas [11-13].

Location F was 180 m east from the shoreline, on a flat
and relatively open area at the southeast corner of Drosopoulou Square; it concentrated the features of a rather
suburban area. Its major area was densely built with 18-m
high apartment buildings. Location F altitude, microclimatic
conditions and activities were approximately similar to
location B.
Sampling Equipment and Measurement Procedures

Two high–volume air samplers (model TFIA–2, Staplex, USA) and the TSP/PM10 continuous analyzer (beta–
attenuation mass monitor, model 7001, Dasibi Environmental Corp., USA) installed in the mobile EEL station
were employed. Description of the above equipment and
measurement procedures have already been given elsewhere [6, 9, 10]. RWG-DEP had performed PM10 measurements using the continuous operation beta–attenuation
analyzers of type FH 62 I–R, Thermo Electron Corp., USA.
The airflow was unaffected by obstacles, as same care had
been taken for all Programs.

FIGURE 2
High–volume air sampling 1–h TSP concentrations (in µg/m3) at
location A1, Nov 1991 (EEL Program 1), Jul 1992 (EEL Program 2)
and Oct 1992 (EEL Program 3): (a) Daily average concentrations
in a typical week of month monitored; (b) frequency variation.

RESULTS AND DISCUSSION
Presentation of TSP Measurements

Measured 1–h TSP concentrations during Programs 13 have been used to compute typical week variations and
frequency concentration distributions shown in Fig. 2.
Measured 24–h TSP concentrations during Programs 4
and 5 are shown in Figs. 3a and b, while they were used to
compute typical week variations for each program period
presented in Fig. 3c. The 1–h TSP concentrations measured at locations A, B and C during Program 6 had been
presented elsewhere [6]. In addition, based on daily mean
values, the maximum level observed in November (Program 1) was 216±95 µg m-3, followed in decreasing order
by October 182±70 µg m-3 (Program 3) and 181±45 µg m-3
(Program 4), July 137±55 µg m-3 (Program 2) and March
116±26 µg m-3 (Program 5). It is remarkable that the simultaneously performed EEL Programs 3 and 4 during October 1992 at nearby locations A1 and A, correspondingly,
gave practically identical TSP monthly levels (182 and
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location A: (a) Oct 1992 (EEL Program 4); (b) Mar–Apr 1993 (EEL

© by PSP Volume 17 – No 5. 2008

Fresenius Environmental Bulletin

Program 5); (c) daily average concentrations in a typical week per
month monitored. The date denotes typical start of sampling.

The average concentration computed from all measurements made at location C1, using high volume air samplers irrespective of year, month or time (20 1–h runs and
5 24–h runs distributed in the period May 1991–Oct 1994),
is 46 µg m -3, which approaches to the background TSP
levels expected for high-volume air sampling [14]. The
regional background levels are between 13 and 25 µg m-3
in Alpine and non–Alpine regions of Austria [15]. The TSP
monthly concentrations based on the reference method of
high–volume air sampling were found generally to be higher than those based on continuous monitoring and performed simultaneously (Nov 1994) by using the EEL analyzer at location A. The TSP ratio of the 24–h mean values
monitored by the analyzer over the corresponding values
measured by the high–volume method varied from 0.47 to
0.65 (mean value 0.54) with a correlation coefficient of
0.987 [16]. The corresponding ratios for monthly mean
concentrations monitored at locations A and A1 were found
to be 0.48 for July or October and 0.39 for November.
Comparing the background mean TSP value of 46 µg m-3 at
location C1 to the monthly values based on continuous
monitoring by the EEL analyzer at nearby location C, the
above ratio varied in the range 0.89–1.04 (mean value 0.93).

plained. Monthly levels at location E are comparable to urban background values measured in 8 different Greek sites
(around 38 µg m-3) and within 30–40 µg m-3 for the most
urban background sites of the Mediterranean country of
Spain. They are also within 15–41 µg m-3 for urban background sites of Europe [16].

Presentation of PM10 Measurements

Most of the 24–h data sets used were 100% complete.
In addition, 45 data sets with completions 50-95.8%, and
7 with completions 33.3-45.8% for location A, 31 data sets
with completions 50-95.8%, and 2 with completions 29.241.7% for location F, as well as 28 data sets with completions 50-95.8%, and 3 with completions 25-45.8% for location E have been used. Completely exempted days due to
maintenance or power failure and other reasons were May
10–15, Jun 1–2 and Nov 3/2002, Oct 26–27 and Nov 11/
2003 for location F; Feb 17, Apr 22–23 and Dec 18–19/
2001, Jun 8–9 and Jul 5–8/2002, Mar 8–9, May 7–8 and
Jun 24/2003 for location A; and Oct 10/2002 for location E.
Monthly Average Concentration Levels. During 2001–
03, the PM10 values computed are shown in Fig. 4. The
monthly mean concentrations vary from 35 to 62 µg m-3 at
location A, from 39 to 65 µg m-3 at location F and from 27
to 41 µg m-3 at location E. The seasonal PM10 levels at location A are slightly higher in autumn (50 µg m-3) than in
summer (48 µg m-3), winter (47 µg m-3) and spring (46 µg
m-3). The seasonal levels at location F are again slightly
higher in autumn (54 µg m-3) than in spring (53 µg m-3),
summer (51 µg m-3) and winter (48 µg m-3). The seasonal
levels at location E are generally higher in winter (37 µg m-3)
than in autumn (32 µg m-3). Most frequently, the levels observed at location F were higher than those at location A,
and the latter were higher than that at location E. Since
PM10–emissions at the harbour area are rather higher and
the mixing height is lower than at other remote areas of
Patras [8], the aforementioned findings can be easily ex-

FIGURE 4 - Annual variations of monthly average
PM10 concentrations (in µg/m3): (a) location A, RWG-DEP;
(b) location F, RWG-DEP; (c) location E, EEL Program 7.

Typical Week Variations. The typical week has been
determined by taking the average PM 10 concentrations
measured at the same hours of the same day in the same
month of the entire monitoring period (Fig. 5). The effect
of the week-cycle of town activities on Patras air pollution is more emphasized in a typical week, because averaging suppresses unsystematic factors, like weather. The
typical daily mean concentrations vary from 38 to 63 µg m-3
at location A, from 41 to 72 µg m-3 at location F, and from
16 to 52 µg m-3 at location E. The higher concentration
levels are generally observed at the shorter distances from
the shoreline with an explanation similar to the monthly
average concentrations. The mean PM10 levels observed
at location E during the workdays and weekend for each
month were found to be in complete agreement to the earlier TSP measurements at locations A and B [6].
Diurnal Variations. The variations of a typical day of
the same month of the entire monitoring period are calculated similarly to the daily variation in typical weeks and
are shown in Fig. 6. At all locations, the diurnal variation
of PM10 indicates the characteristic pattern of primary air
pollutants with the two main peaks [6, 17]. Based on the
present data, maxima and minima of hourly mean PM10
values at all locations were observed during the cold peri-
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od of the year. For all locations and months monitored,

minima of the aforementioned pattern occur during night.

FIGURE 5 - Daily average PM10 concentrations (µg/m3) in
a typical week per typical month of the monitoring period:
(a) location A, 2001–2003, RWG-DEP; (b) location F, 2001–
2003, RWG-DEP; (c) location E, 2002–2003, EEL Program 7.

FIGURE 7 - Frequency variations of PM10 concentrations
(µg/m3) per a typical month of the monitoring period:
(a) location A, 2001–2003, RWG-DEP; (b) location F, 2001–
2003, RWG-DEP; (c) location E, 2002–2003, EEL Program 7.
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FIGURE 6 - Diurnal variations of PM10 concentrations (µg/m3) per a typical month of the monitoring period:
(a) location A, 2001–2003, RWG-DEP; (b) location F, 2001–2003, RWG-DEP; (c) location E, 2002–2003, EEL Program 7.

factors 0.48-1 and 0.93-1, for urban and regional background
mean monthly concentrations, respectively, due to using
beta–attenuation TSP analyzer instead of the high–volume
reference method. Summarizing, to obtain equivalent PM10
values to high-volume TSP regarding EEL Programs 1-5,
for locations A and A1, the factor 0.264 (0.55×0.48) has
been applied to monthly TSP concentrations and the factor
0.837 (0.9×0.93) for location C1. To obtain equivalent PM10
values to beta-attenuation analyzer TSP regarding EEL Program 6, for locations A and B, the factor 0.48 has been applied to monthly TSP concentrations, and the factor 0.93
for location C. Converted monthly average PM10 values are
plotted in Fig. 8, together with directly measured values for
all EEL Programs. It is obvious that the PM10 levels monitored at location E were comparable to that earlier monitored at locations C and C1 (39 µg m-3 as PM10), which
supports that location E has the characteristics of a suburban area. The levels monitored by RWG-DEP at both locations A and F were comparable to each other, and to the
levels measured earlier at locations A and B by the EEL.
However, on annual basis these levels were found up to
49% higher than those at location E, as the yearly average
values varied from 45 to 50 and 51 to 52 µg m-3 for locations A and F, respectively, compared to 35 µg m-3 for location E. Co–evaluating all monthly average PM10 data, converted and measured for all urban and suburban locations,
the maximum monthly levels are most frequently met in the
cold period with most pollution sources and worst dispersion conditions.

Monthly Frequency Concentration Distribution. Such
data are very useful for determining the frequency of limit
exceedances, and for synthesizing typical patterns occurring at other sites with similar characteristics. Frequency
concentration distributions for the hourly PM10 levels measured at locations A, F and E during each month of the monitoring period are shown in Fig. 7. The shift of maximum
frequencies to lower concentration values, and from the
summer to the winter period, with increasing distance from
the shoreline is remarkable.
Long–Term Evaluation of Airborne Particulate Concentrations

The relationship between PM10 and TSP is a site– and
year–specific function. The ratio of PM10 to TSP levels is
generally in the range 0.3–1.0; the mean value of PM10/
TSP ratio (conversion factor) for regional background concentrations is around 0.9, while for urban background concentrations the mean value of this ratio is in the range 0.50–
0.55 [18]. Port activities gave a ratio approximately equal to
0.30 on average [19]. Roadside particulate air pollution in
11 urbanized and densely populated districts of Hong Kong
gave an average ratio equal to 0.55 [20]. Measurements in
Kozani, Greece, gave an average ratio equal to 0.53 [21],
while measurements in the semi-remote area of Ispra in
Northern Italy gave the somewhat higher value of 0.60 [22].
Based on the above data, since Patras downtown area
concentrates urban, residential and commercial characteristics, while is affected significantly by the harbour activities [23], as a representative value for average PM10/TSP
ratio regarding locations A and A1, the value 0.55 is chosen. The average PM10/TSP value 0.9 is considered to be
appropriate for the regional locations C and C1. Already
discussed data of the present work gave the TSP correction

Comparison with Limit Values and Data for Other Greek Cities

The Patras air quality regarding PM10 levels is assessed
in Table 3, taking into consideration the hourly limit val-

.

TABLE 3 - Summary statistics and comparison of annual and daily
mean PM10 values based on continuous monitoring with EC limit values [3].
Winter1
Location and
Year

Mean±SD

2

Max
24–h

Summer
Limit violations
(days; %)

Mean±SD

Max
24–h

Year
Limit violations
(days; %)

Mean±SD

Max
24–h

Limit violations
(days; %)

Loc A
1994–95

49±8

88

4; 4.3%

41±7

70

0; 0.0%

45±8

88

4; 2.5%

53±10

163

16; 15.5%

50±10

163

16; 13.9%

39±3

44

0; 0.0%

Loc B
1995
Loc C
1996
Loc E
2002–03

35±5

71

4; 2.8%

20014

52±7

131

24; 13.2%

45±9

124

9; 4.9%

49±9

131

33; 9.0%

20025

51±5

123

22; 12.2%

48±3

176

11; 6.3%

50±5

176

33; 9.3%

20036

43±5

110

17; 11.5%

46±1

102

13; 7.1%

45±4

110

35; 9.7%

2001

55±9

183

71; 53.0%

49±6

160

15; 8.3%

52±8

183

86; 27.3%

2002

52±6

125

27; 14.8%

50±4

207

19; 10.7%

51±5

207

46; 12.8%

2003

48±6

101

34; 22.8%

54±2

115

42; 23.2%

51±5

115

82; 22.8%

Loc A3

Loc F3
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1

EC Directive defines the winter period from October 1 to March 31 [3]. 2 Standard deviation in µg m-3. All concentration values are given in µg m-3. 3 Sources of data: (a) RWG-DEP; (b) the
website http://bettie.rivm.nl/etc-acc/appletstart.html. 4 24-h limit 75 µg m-3 not to be exceeded more than 35 times a calendar year (9.6%). Annual limit 48 µg m-3. 5 24-h limit 68.75 µg m-3 not to be
exceeded more than 35 times a calendar year (9.6%). Annual limit 46 µg m-3. 6 24-h limit 62.5 µg m-3 not to be exceeded more than 35 times a calendar year (9.6%). Annual limit 44 µg m-3.

FIGURE 8 - Long–term variation of monthly average PM10 concentrations (µg/m3) monitored at several Patras locations during 1991–
2003 (EEL Programs 1 throughout 7 and available RWG-DEP measurements) with respect to the method used. TSP measurements
have been converted to PM10. HV denotes high volume air sampling; Anal denotes continuous monitoring beta–attenuation analyzer.

ues, daily limit values, calendar year and winter limit values for particulate matter in ambient air [3]. It is obvious
that the annual PM10 values determined by TSP measured
in the period 1994–95 in downtown Patras (locations A
and B) were found approximately equal to the PM10 values measured at locations A and F (period 2001–2003),
and equal or exceeding slightly the annual EC limit of 48
µg m-3 (with 20% allowed margin of tolerance). The corresponding value at the University of Patras Campus (location C) was found to be within the allowed tolerance margin, while in the boundaries of downtown Patras (location
E) the winter average PM10 level (35 µg m-3) was found to
be lower than the annual EC limit value. The maximum
daily mean values at all locations, except location C, were
found to exceed the 24-h EC limit value with the allowed
margins of tolerance. Per calendar year, the number of violations of the 24-h EC limit with the allowed margin of
tolerance indicates increase between the periods 1994–95
and 2001–03 for location A and for equivalent locations B
and F. The highest number of violations per calendar year
is 27.3% and was observed at locations B and F, exceeding the allowed limit of 35 days annually (9.6%). In contrary, at all other locations, the 24-h EC limit with allowed
margin of tolerance had been exceeded for less or approximately equal numbers of days than maximum permitted.
In general, January was the most probable month with the
most violations. Taking into consideration Table 3 and
Fig. 8, in terms of best long–term air quality, the locations
hierarchy agrees well with the decreasing sequence of locations based on their distance from the sea: locations C, E, A,
B and F.

The mean levels of Patras downtown for winter, summer or year periods compared to the corresponding levels
in Athens and Thessaloniki were found to be considerably
lower [24-28]. Patras levels were also found approximately
equal to Kozani’s levels monitored during 2003-04, and
lower than that monitored during 1996-98 [21, 29]. Note
that the city of Kozani had 38,591 inhabitants (2001 census). Among 6 Greek cities included in Table 4, Patras was
among the three cities with the least number of PM10 violations of 50–µg m-3 daily limit.
TABLE 4 - Patras urban area (location A) compared to similar
areas of other Greek cities, in terms of the number of days that the
50 µg m-3–PM10 daily EC limit had exceeded during the year 2001.
City

Population
Number of days exceeding
(inh.)
PM10 limit
Iracleio, Crete
142,112
69
Ioannina
85,001
95
Patras
171,616
138
Larissa
132,779
151
Athens
789,166
174
Thessaloniki
385,406
208
Source of data: http://www.urbanaudit.org

CONCLUSIONS
In a typical day–of–week basis, TSP levels during the
weekend are somewhat lower than the workday average
levels. The diurnal variation along a typical day shows
clearly the two main peaks typically occurring in primary
air pollutants, while the minima occur during the night for
all locations. The maximum monthly levels are generally
met during the cold period at all locations, probably fa-
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voured by the worse dispersion conditions and more
emission sources compared to the hot period’s.
PM10 levels with highest frequencies occur during the
cold period at all locations. These high–frequency levels
are decreased with increasing distance from the sea. The
early TSP measurements in downtown Patras converted to
PM10–equivalent levels had shown good agreement on
annual basis with the PM10 levels directly monitored. All
data showed PM10 levels approximately equal to or exceeding slightly the annual EC limit with allowed tolerance adopted. The corresponding PM10 levels at locations
outside downtown Patras were found within the allowed
tolerance margin, or even lower than the annual EC limit.
Although the results worsen comparing the maximum
daily mean values at the downtown Patras locations to the
corresponding 24-h EC limits adopted, PM10 levels at
suburban locations still satisfy the permitted number of
exceeding 24-h EC limit with allowed tolerance. An overall assessment of the long–term air quality regarding
airborne particulates leads to order locations from good to
bad air quality in decreasing distance from the sea: Locations C and C1, E, A and A1, B and F. Among six Greek
cities with available data for the year 2001, Patras was the
third city with the least number of violations of the PM10
daily limit, showing better air quality than Athens and
Thessaloniki.
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ABSTRACT

Recently, the Latin diagnosis has been given by Lim et al.
[8].

In this study, the brown alga Pseudolithoderma adriaticum (Hauck) Verlaque (Phaeophyceae, Lithodermataceae) is reported for the first time from Turkey. This
species, with a distribution primarily in the Mediterranean
Sea, was collected growing epilithically in the midlittoral
zone (-0.5 m) in March 2007 from Ayvalık (Aegean Sea,
Turkey).
KEYWORDS: Brown algae, Lithodermataceae, Phaeophyceae,
Pseudolithoderma adriaticum.

Taşkın et al. [9] stated that a total of 141 Phaeophyceae (brown algae), 2 of which belong to crustose
brown algae, Ralfsia verrucosa (Areschoug) Areschoug
and Hapalospongidion macrocarpum (Feldmann) LéonÁlvarez et González [Mesospora macrocarpa (Feldmann)
den Hartog; Mesospora mediterranea Feldmann], occurred
in Turkey. In this study, P. adriaticum is reported for the
first time from Ayvalık (Aegean Sea) in Turkey. Many
taxa of marine brown algae were reported from the North
Aegean Sea for Turkey [10-14].

INTRODUCTION
The brown alga genus Pseudolithoderma Svedelius in
Kjellman & Svedelius was established by Svedelius [1], and
Pseudolithoderma extensum (P.L. Crouan & H.M. Crouan)
S. Lund is the currently accepted name for the type species
of the genus. Ten taxa are indicated as current names in this
genus [2]: P. adriaticum (Hauck) Verlaque; P. australe
Womersley; P. extensum (P.L. Crouan & H.M. Crouan) S.
Lund; P. groenlandicum S. Lund; P. moreirae
Yoneshigue & Boudouresque; P. nigrum Hollenberg; P.
paradoxum Sears & Wilce; P. roscoffense Loiseaux; P.
rosenvingei (Waern) S. Lund, and P. subextensum
(Waern) S. Lund. Only two of them, P. adriaticum and
P. extensum, have been reported from the Mediterranean
Sea [3].
Pseudolithoderma differs from Ralfsia and Nemoderma
by its reproduction organs (plurilocular and unilocular sporangia) being terminal on erect filaments. This genus has
been assigned to the Lithodermataceae [4, 5] and
Ralfsiaceae [2]. Crustose brown algae have been classified
under the order Ectocarpales [6], but then Nakamura [7]
established Ralfsiales that included three families, namely,
Lithodermataceae, Nemodermataceae and Ralfsiaceae.
Because a Latin diagnosis was not given by Nakamura,
according to the International Code of Botanical Nomenclature (ICBN), the order Ralfsiales was not validated.

MATERIAL AND METHODS
Pseudolithoderma adriaticum was collected in the
midlittoral zone, as an epilithophyte on stones from
Ayvalık (Aegean Sea, Turkey) in March 2007, and preserved in 4% formaldehyde-seawater. The identification
of this species was made based upon the accounts of Athanasiadis [15] and Verlaque [16]. Voucher material was
deposited in the Department of Biology at Celal Bayar
University, Manisa, Turkey.
RESULTS
Pseudolithoderma Svedelius
Pseudolithoderma adriaticum (Hauck) Verlaque

Thallus encrusting, pseudoparenchymatous, 1-1,5 cm
in diameter, light or dark brown, base composed of 1-3
rectangular hypothallial cells, 4-6 µm broad and 14-15 µm
long. Thallus encrusting, pseudoparenchymatous, 1-1.5 cm
in diameter, light or dark brown, base composed of 1-3
rectangular hypothallial cells, 4-6 µm broad and 14-15 µm
long. Surface is covered by mucilaginous layer. Perithallial filaments arise from the hypothallial cells and are
8- 10 cells long. The cells containing discoid chloroplasts
without pyrenoids are 5-8 µm in diameter. Phaeophycean
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hairs were present in groups. Reproduction organs (plurilocular and unilocular sporangia) were terminal on erect
fila-

Pseudolithoderma adriaticum is distributed in Spain,
Italy, France, Corsica, Greece, Adriatic Sea, Algeria, Tunisia, Levant States, Turkey in the Mediterranean Sea ([3];
this paper) (Fig. 5), and Canary Islands in the Atlantic
ocean [17, 18].

FIGURE 5
Distribution of P. adriaticum in the Mediterranean Sea.

DISCUSSION AND CONCLUSION
Pseudolithoderma adriaticum was described for the
first time as Lithoderma adriaticum [4], and later it was
transferred to Pseudolithoderma [19]. Hauck [4] reported
on two species of Lithoderma (L. adriaticum Hauck and
L. fatiscens Areschoug). L. fatiscens of Areschoug [20] is a
currently accepted name, while L. fatiscens sensu Kuckuck
[21] is now regarded as a synonym of Pseudolithoderma
extensum (P.L. Crouan & H.M. Crouan) S. Lund [2].
Fletcher [5] stated that P. adriaticum is probably a
taxonomic synonym of Pseudolithoderma roscoffense
Loiseaux. Features and comparison of P. adriaticum and
P. roscoffense were given [16]. P. roscoffense was described for the first time from France [22], and later, this
species was also reported from England and Ireland [5].
The erect filaments of P. roscoffense are 20 [22] or 30 [5]
cells long, whereas the erect filaments in Turkish plants of
P. adriaticum are 8-10 cells long. P. adriaticum differs
from P. extensum (22 cells long) by its erect filaments
being 8-10 cells in length.
In this study, the brown alga Pseudolithoderma adriaticum (Hauck) Verlaque (Phaeophyceae, Lithodermataceae) is reported for the first time in Turkey.
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FIGURES 1-4 -Pseudolithoderma adriaticum
(1. habit of thalli, 2 & 3. general view of hypothallial
cells and the erect filaments, 4.sporangia (arrow)).

ments. Unilocular sporangia were observed in the Turkish
plants. This species was collected from Ayvalık (Aegean
Sea, Turkey) in midlittoral zone.
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