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PHYSICOCHEMICAL CHARACTERISTICS AND HEAVY
METAL CONTENTS OF SAUDI ARABIAN FLORAL HONEYS
Muhammad W. Ashraf1* and Sufyan Akram2
1

Department of Natural Sciences & Mathematics, Prince Mohammad Bin Fahad University, Al-Khobar 31952, Kingdom of Saudi Arabia
1

National University Medical Institute, National University of Singapore, Singapore 117621

ABSTRACT
The quality of floral honey produced in Saudi Arabia
was evaluated. All samples were analyzed for common
physicochemical parameters like moisture contents, acidity,
ash, pH, conductivity, and heavy metal contents. All samples showed proper maturity, considering the low moisture
percentage. The total acidity, below 50 meq/kg, in all samples indicated the absence of undesirable fermentation.
Also, the mean pH around 4.0 was usual for floral honeys.
The values for ash and conductivity (0.33% and 402µS/cm)
were within the European Community Standards. Among
heavy metals, Fe and Zn were detected in all samples, with
the mean levels of 2.65µg/g and 0.77µg/g. Nickel was detected only in 20% of the samples analyzed. The heavy
metal contents of Saudi Arabian floral honey were either
comparable or lesser than internationally reported values.
Therefore, they can be regarded to be safe for human consumption.

KEYWORDS: Floral honey, heavy metals, ICP-AES, Saudi Arabia, physicochemical parameters.

INTRODUCTION
There is an increasing interest in the verification of
foodstuffs, particularly of natural origin like honey. Honey
is one of the most complex foodstuffs produced by nature,
which is consumed by humans without processing. Honey
possesses valuable nourishing and healing properties, resulting from its chemical composition. As honey is the result
of a bio-accumulative process, it is also useful for collecting information of the environment within the bees forage
area. Honeybees (Apis mellifera) accretions are related to
air, water and soil. They travel from flower to flower, touch
branches and leaves, drink water from ponds, and aerosol
particles scavenge on their hairy bodies. They are continuously exposed to contaminants present in the wide-spread
area surrounding the apiary for the duration of their foraging activity. The area of foraging activity associated with

an apiary extends over a surface of approx. 7 km2. Owing
to this large area involved, honey has been proposed as a
suitable bioindicator of chemical pollution [1]. The composition of honey varies with the feeding of the bees; it
may be naturally from nectar of flower, or artificially by
feeding the bees with sugar or syrup. Bee honey can be a
good source of major and trace elements needed by the
human body. Their presence in human food is very important, but if they exceed safety levels, they can also
be toxic. According to some Italian workers, honey may
be viewed as an environmental marker [2], as they found
large amounts of heavy metals in honeys. Contents of Na,
K, Ca, Mg, Cu, Fe, Mn and total ash have also be determined in 21 samples of Spanish commercial honeys [3],
and Cu, Cd, Mn, Fe and Mg in Turkish honey by AAS
analysis [4], and the authors again suggested that honey is
useful for assessing the presence of environmental contamination. Rashid and Soltan [5] determined trace elements in different floral honeys from Egypt by using
flame AAS. In the same year, Nozal et al. [6] have carried
out classification of Spanish floral honeys depending upon
trace element and physico-chemical parameter analysis [6].
Similarly, Terrab et al. [7] have characterized Spanish
thyme honeys by their physicochemical characteristics and
mineral contents [7].
In Saudi Arabia, honey is intrinsic to culture. The
Quran, Islam’s holy book, refers to honey’s medicinal and
healing properties. Whether used for its medicinal value,
as a restorative or simply for sweetening, a Saudi family
consumes 1 Kg of honey per month, on average. While
honey is used daily, consumption is greater during traditional, religious and festive occasions. Saudi statistics
show that Saudi Arabia produces almost 90 tons of honey
a year, but only 2-4 % is consumed there. Mostly floral
honey is produced in Saudi Arabia. The goal of the present study is the characterization of floral honeys produced at different farms in Saudi Arabia, by the analysis
of 7 physico-chemical parameters (pH, moisture, ash,
conductivity, free acidity, lactonic acidity & total acidity)
and 8 trace elements (Cu, Fe, Zn, Cr, Ni, Pb, Mn, Cd).
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Experimental

The present study was conducted using 25 floral honey
samples collected by beekeepers from the Eastern Province
(KSA). All samples were unpasteurised, taken within three
months after extraction, stored in air-tight jars, transferred
to the laboratory and kept there at 5 oC till analysis.
Determination of trace elements

Accurate multi-element analysis at trace levels is dependent upon prevention of element contamination. All
laboratory equipment used for analysis was made of Pyrex,
washed with nitric acid, rinsed twice with triply distilled
water, and dried in a clean environment. All reagents used
for sample preparation were of “specpure”-grade (Merck,
Darmstadt, Germany). A Thermo IRIS Intrepid II XDL inductively coupled plasma atomic emission spectrometer
was used for metal determinations. The operating conditions are given in Table 1. Five ml of nitric acid (0.1M) were
added to the resultant ash, and the mixture was stirred on
a heating plate until complete dryness. Then, again, 10.0 ml
of the same acid were added and brought up to 25 ml with
ultrapure water (Milli-Q, Millipore). This solution was used
for instrumental analysis. A recovery test of the analytical
procedure was carried out for some of the metals in selected
samples by spiking them with aliquots of metal standards
before analysis. Acceptable recoveries (>96%) were obtained for the analyzed metals.
TABLE 1
The operating conditions for ICP-AES instrument/analysis.
ICP-AES IRIS Itrepid II XDL
Plasma Conditions
Rf Frequency
Rf Power
Gas Flow Rate
Carrier gas
Auxiliary gas
Coolant gas
Sampling Conditions
Observation height
Nebulizer
Sample uptake rate
Spectrometer Conditions
Polychromator
Focal length
Entrance slit
Exit slit
Data Acquisition
Integration time
Repetition

30 MHz
1.0 kw
Ar 0.5 L/min
Ar 1.0 L/min
Ar 20 L/min
18 mm above coil
cross-flow type
1.2 ml/min
Paschen-Runge mounting
75 cm
25 µm
50 µm
10 sec
3 times

Determination of physicochemical parameters

Seven physicochemical parameters were analyzed using the Harmonized Methods of the International Honey
Commission [8] and Association of Official Analytical
Chemists [9]. The ash percentage was determined by sample (≈10 g) calcinations at 500 oC in an electric furnace,
until a constant weight was achieved. Moisture levels were
determined by noting the refractive index with an Abbé
refractometer reading at 20 °C, and then using the Wedmore table to convert the measurement to percent mois-

ture [9]. Values of pH and electrical conductivity were
measured with a pH-meter (Horiba), from a solution containing 10.0 g of honey sample in 75.0 ml of ultra-pure
water, as well as a conductivity-meter (Horiba), from a
honey solution (20%) in ultra-pure water at 20 oC expressing the results as µS/cm. The free and lactonic acidities
were determined by titrimetric procedure. Free acidity
was determined by titrating with 0.05M NaOH to pH 8.5,
whereas lactonic acidity was determined by immediately
adding a volume of 10.0 ml 0.05M NaOH and back titrating with 0.05M HCl to pH 8.3. Total acidity was obtained
by summing up both values.
RESULTS AND DISCUSSION
The concentrations of the 8 elements determined in the
floral honey samples are shown in Table 2, and the most
abundant was Fe (2.65 µg g-1), whereas Cd showed minimum levels (0.05 µg g-1). From the previous studies, it was
shown that industrial emissions, automobile exhausts, mining, etc. may cause metallic contamination in honey [1012]. In the study of Morse and Lisk [10], 16 elements were
determined in honeys from the US, Mexico, El Salvador
and China, and they reported rather high levels of trace
elements in honey (for example, Cd 0.102-0.267, Fe 5.8183, and Ni 0.304-1.25 µg g-1), sourcing from steel or
galvanized containers used in processing, shipping or storage. Crane [13] determined the concentrations of Fe, Cu,
Mn and other minerals in floral honeys; the mean values
were Fe 2.4, Cu 0.29 and Mn 0.30 µg g-1. The Fe values
obtained in the present work (2.65 µg g-1) were lower than
those reported earlier [5, 10], but comparable to the ones
reported for Spanish honeys [6] (Table 4). Feryal and
Ozlem [4] have reported quite high cadmium concentrations (0.31-0.34 µg g-1), compared to our values (0.05-0.1
µg g-1). Similarly, they have reported Cu ranging between
0.0-0.09 µg g-1, as against our values, 0.06-0.17 µg g-1.
However, Nozal et al. [6] have found 0.2 µg g-1 Cu in
Spanish honey, whereas Rashed [5] has reported 1.70 µg g-1
Cu in Egyptian floral honeys. Lead concentrations found in
the present study (0.06 µg g -1 ) compared well with the
values reported by Przybytowski [1] in Polish honeys
(0.070 µg g-1), and that of Spanish honeys (0.03 µg g-1) [6].
However, lead was detected only in 28% of honey samples, and nickel in 20%, with an average of 0.06 µg g-1.
Very low Ni levels in honey have been reported in literature (see Table 4). Zinc was detected in all the samples,
with an average of 0.77 µg g-1. Przybytowski [1] has obtained significantly higher levels of Zn in Polish honey
samples (22.3 µg g-1), exceeding the Polish standard limit
of 15 µg g-1. Tuzen et al. [19, 20] have analyzed Pb and Cd
levels ranging between 8.4-105.8 µg/kg and 0.9-17.0 µg/kg
in Turkish honeys, respectively.
Table 3 shows the analysis data of different physicochemical parameters of honey samples. Moisture content,
related to climate, season and degree of honey maturity [14],
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was found to be within 14-20.5%. Only one sample exceeded the permitted limit of 20%, set by the European
Community Directive [15]. The values found show ma-

ture honeys, may be due to use of modern hives by beekeepers and giving proper time of extraction. Ash content,
used for the indication of botanical origin (floral, mixed

TABLE 2 - Levels of selected heavy metals (µg g-1) in floral honey from Saudi Arabia.
Cu
0.08
0.06
0.13
0.11
0.07
0.08
ND
0.07
0.06
ND
0.10
0.09
0.11
0.06
0.17
0.09
0.15
0.16
0.12
0.08
0.13
0.15
0.09
0.12
0.07

Fe
2.63
4.12
3.78
7.89
5.66
1.63
2.33
0.97
1.35
1.60
2.11
1.86
0.75
2.53
1.42
3.37
2.89
3.36
4.12
2.78
1.56
1.08
2.47
1.96
2.13

Zn
0.83
0.65
1.77
0.55
0.38
0.50
0.47
0.63
0.51
0.95
1.00
0.7
0.68
2.11
0.78
1.35
0.19
0.68
0.33
0.87
1.53
0.48
0.71
0.40
0.29

R 0.06-0.17
0.75-7.89
0.19-2.11
X 0.10
2.65
0.77
ND Not Detected; R Range; X Average

Cr
ND
ND
0.12
0.09
0.07
ND
ND
0.08
0.06
ND
ND
0.05
ND
ND
0.07
0.05
0.11
0.08
ND
0.18
0.05
0.06
ND
ND
ND

Ni
ND
ND
ND
ND
ND
0.06
0.07
ND
ND
ND
ND
ND
ND
ND
0.05
ND
ND
ND
0.06
ND
ND
ND
0.05
ND
ND

Pb
0.06
ND
ND
0.05
ND
ND
ND
ND
ND
ND
0.08
ND
ND
0.06
ND
ND
ND
0.05
0.05
ND
ND
0.07
ND
ND
ND

Mn
0.07
0.07
0.05
0.11
0.08
0.13
0.10
ND
ND
0.06
ND
ND
0.09
0.14
ND
0.08
ND
0.19
0.06
ND
ND
0.05
0.18
ND
ND

Cd
ND
ND
ND
0.05
ND
0.05
0.08
ND
ND
0.10
ND
ND
0.06
0.06
0.07
ND
ND
0.06
0.05
ND
ND
ND
ND
0.05
ND

0.05-0.07
0.06

0.05-0.07
0.06

0.05-0.08
0.06

0.05-0.19
0.10

0.05-0.10
0.06

TABLE 3 - Distribution data for common physicochemical parameters of Saudi floral honey.
Moisture (%)

Ash (%)

16.3
16.8
16.2
16.9
16.5
17.5
18.8
15.8
16.7
15.3
15.0
14.0
14.5
17.8
20.5
19.3
17.2
16.5
16.0
16.9
15.3
18.3
18.7
17.5
16.9
X± SD 16.8±1.5

0.25
0.31
0.19
0.16
0.45
0.51
0.36
0.56
0.39
0.28
0.30
0.26
0.44
0.27
0.30
0.14
0.17
0.30
0.13
0.52
0.31
0.53
0.41
0.44
0.37
0.33±0.13

Conductivity
(µS/cm)
375
480
410
315
300
366
488
510
323
389
362
518
451
497
410
280
379
351
523
341
455
463
353
341
370
402±73.1

pH
4.3
4.2
3.6
3.6
4.4
4.5
4.0
3.6
3.5
3.9
3.9
4.0
4.6
4.3
4.8
4.6
4.2
4.1
3.9
3.7
3.5
3.6
4.1
4.2
4.0
4.0±0.3
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Free Acidity
(meq/kg)
19.3
31.2
30.3
23.7
27.4
21.8
19.7
29.8
25.2
31.3
18.3
41.7
24.5
31.7
27.8
33.5
29.9
37.9
32.3
26.7
34.9
25.7
23.5
24.7
26.3
27.9±5.7

Lactonic Acidity
(meq/kg)
8.3
7.2
5.3
6.9
7.1
6.9
7.1
8.3
9.1
5.3
6.1
4.3
4.2
6.3
5.8
7.2
5.4
9.6
8.1
7.5
6.6
9.0
8.5
6.3
5.6
6.8±1.5

Total Acidity
(meq/kg)
27.6
38.4
35.6
30.6
34.5
28.7
26.8
38.1
34.3
36.6
24.4
46.0
28.7
38.0
33.6
40.7
35.3
47.5
40.4
34.2
41.5
30.7
32.0
31.0
31.9
34.7±5.8
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TABLE 4 - International comparison of the presented data
This Work

Turkey [4]

Cu
0.06-0.17
0.0-0.09
X±SD
0.1±0.03
0.01
Fe
0.75-7.89
0.04-1.21
X±SD
2.65±1.59
0.36
Zn
0.19-2.11
NA
X±SD
0.77±0.47
Cr
0.05-0.18
NA
X±SD
0.08±0.04
Ni
0.05-0.07
NA
X±SD
0.06±0.01
Pb
0.05-0.08
NA
X±SD
0.07±0.01
Mn
0.05-0.19
0.0-0.09
X±SD
0.1±0.04
0.03
Cd
0.05-0.1
0.31-0.34
X±SD
0.06±0.02
0.32
X Mean; SD Standard Deviation; NA Not Available

Spain [6]

Poland [1]

0.1-0.3
0.20
1.0-3.3
1.97
0.3-1.5
1.07
0.0-0.2
0.13
0.0-0.1
0.03
0.0-0.1
0.03
0.1-0.4
0.30

NA

Egypt [5]

Italy [18]
NA

1.7
NA

NA
202
NA

22.3
NA

7.2
NA
0.094
NA

NA
1.25
0.07
NA

6.3

0.045
NA

1.7
0.50
0.50

or honeydew), showed values between 0.13-0.56%, and
none of the samples surpassed the permitted value (0.6%)
for floral honey [15]. The mean value was 0.33%, similar
to those reported by Terrab et al. [7] and Nozal et al. [6],
but quite higher than that found by Sanz et al. (0.18%) [16].
During the extraction and storage of honey, pH value
is of great importance, because it influences the texture,
stability and shelf life of honey. Our samples showed it
ranging between 3.5-4.8, with a mean value of 4.0, which
is slightly lower (4.2) than the one found by Terrab et al.
[7] in Spanish honey, but higher (3.8) than that reported
by Accorti et al. in Italian honey [17]. The electrical conductivity of honey is directly related to the concentration
of inorganic salts, organic acids and proteins. This parameter shows great variability according to the floral origin,
and is considered to be the best for differentiating between
honeys of different floral origin [7]. Its values were between 280-523 µS cm-1, with a mean value of 402 µS cm-1,
again quite similar to that reported in Spanish honeys
(395 µS cm-1), but a bit higher as in Italian thyme honeys
(380 µS cm-1).

0.025

levels either comparable or lesser than the internationally
reported values (Table 4). Therefore, they can be regarded
as safe for human consumption.
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Due to the presence of organic acids in equilibrium
with their corresponding lactones, or internal esters, and
some inorganic ions, such as sulphate or phosphate, the
values of free acidity ranged between 18.3-41.7 meq kg-1.
The lactonic acidity, being the reserve and used when honeys become alkaline, ranged between 4.2-9.6 meq kg-1,
while the mean of the total acidity was 34.7 meq kg-1. None
of the samples exceeded the acidity limit established by the
European community regulations [15]. The results obtained
for the acidity compared well to those obtained for Spanish floral honeys [7], but were slightly lower than those
reported for Italian ones (43.3 meq kg-1).
The physicochemical parameters moisture contents,
acidity and electrical conductivity showed values in agreement with the legal limits set by the European Union [15].
Among heavy metals, Saudi Arabian floral honey showed
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ABSTRACT
The composition and activity of ammonia-oxidizing
bacteria (AOB) in soil and tree-bark of a pine forest of
Central Italy were investigated by molecular methods
because it is known that soil pH is an important environmental factor structuring the soil macrofauna community
in the tree vicinity, but, the effects of the stemflow on the
composition of soil microbial communities have been
poorly studied. The 16S rDNA fingerprintings showed that
the AOB population of the bark was similar to that of soil
(pH 3.66) receiving the acid stemflow of pine, whereas the
composition of the AOB population of the less acid soil
(pH 4.90) sampled 150 cm from the trunk was different.
Ammonia-oxidizing activity increased significantly moving
from the trunk outwards, parallel with a progressive increase in soil pH.

KEYWORDS: AOB population, 16S rDNA fingerprinting, soil and
bark DNA, pine, potential ammonia-oxidizing activity, soil ecology.

INTRODUCTION
In soil, specific groups of microbes are responsible
for key biochemical processes and nutrient cycling and,
collectively, can have large-scale implications on the functioning of terrestrial ecosystems [1]. Among these specific
microbial groups there are autotrophic ammonia-oxidizing
bacteria (AOB), ß and γ proteobacteria [2]. In terrestrial
ecosystems, the dominant autotrophic AOB include Nitrosomonas and Nitrosospira species, which can be further
divided into distinct taxonomic clusters [2-4]. The interaction of microbial geochemical processes and environmental
factors in soil is complex and poorly understood, but one
of the key parameters in influencing microbial abundance
and activity in soil is the pH [5]. Soil pH can limit nitrification since most cultured strains of autotrophic ammoniaoxidizing bacteria grew optimally in vitro at pH 7.5–8.0
[6]. Nitrification has, however, been observed in a wide

range of acid soils including arable and forest soils. It has
been hypothesized that this depends on heterotrophic and/
or autotrophic microorganisms located in soil micro-environments with suitable pH values [7, 8]. The application of
molecular techniques is contributing to improve the understanding of the ecology of ammonia-oxidizing bacteria,
by circumventing the problems of culturing these chemoautotrophic bacteria. Most of these studies has focused on
the genotypic diversity of these bacteria [9-16] whereas less
emphasis has been placed on understanding their response
to environmental factors [17-19]. The use of techniques
based on endonucleases digestions of a specific amplified
DNA sequence can allow detecting fluctuations in the
composition of microbial communities by analyzing the
relative banding patterns [20, 21].
Several authors have studied the impact of single trees
on soil genesis and changes in topsoil properties as a
function of the distance from the trunk [22-24]. It has
been observed a pattern in chemical and physical properties of soil along a transect starting from the trunk to soil
outside the canopy with a marked impact of the chemical
composition of the stemflow solution on soil around the
bark [25].
Andersson [26] observed that nutrient addition via
stemflow of English oak (Quercus robur L.) increased the
pH value and calcium content of soil and changed the herb
composition near the stems. Certini et al. [27] showed that
the acidity of stemflow in mature stand of Corsican pine
leaded to the formation of patches of E material in a few
decades. The stemflow-induced changes in community
structure of soil macrofauna were studied by Scheu and
Poser [28] in a beechwood on limestone in northern Germany where a radial gradient of pH occurred in the soil
under the canopy. Generally, the density of soil-inhabiting
(endogeic) species was lower in the tree vicinity; whereas
the density of species mainly inhabiting the litter layer
(epigeic species) was similar to or higher than that distant
to trees. The most marked reduction occurred in the density
of endogeic earthworm species and centipedes which were
almost absent in the tree vicinity. Canonical correspondence
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analysis showed that soil pH was an important environmental factor structuring the soil macrofauna community
in the tree vicinity. However, the effects of the stemflow
on the composition of soil microbial communities have been
poorly studied.
The aim of this work was to monitor the effect of
stemflow on the composition and activity of ammonia oxidizing bacteria. For this reason soil was sampled along
transects from the base of pine plants to 150 cm outwards
to find eventual gradients in those variables. The composition of the AOB population of the bark has been also
analyzed so as to assess any link with the relative AOB
community of soil around the bark. We used a restriction analysis on 16S rDNA amplified from DNA
directly extracted from soil [17, 29] and bark to characterize the autotrophic AOB populations, and we measured
the potential ammonia oxidizing activity to asses the
activity of AOB population in soil of a mature pine forest.

FIGURE 1 - Schematic representation of the samplings on pine-trees.
Hb: High bark sampling at 150 cm height of the trunk on the bark
channel; Lb: Low bark sampling at the base of the trunk on the
bark channel; As: soil sampling at the base of the trunk directly
interested by the stemflow of the bark channel of the pine; Bs: soil
sampling 150 cm far from the base of the trunk. (Designed by Piero
Guicciardini).

MATERIALS AND METHODS
DNA extraction from soil and tree-bark
Study site, sampling and pH measurement

The study site is located within the Vallombrosa Forest Reserve (43°43’ N, 11°35’ E), 50 km east of Florence,
Italy with a pure 60 years old stand of Corsican pine (Pinus
nigra Arn. ssp laricio). The climate of the area is characterized by a mean annual air temperature of about 10 °C
and a mean annual precipitation of about 1400 mm. The
soil developed on a set of thick turbiditic strata of quartzfeldspathic sandstone intercalated by thin layers of siltstone
[30]. The site is on a moderate west-facing slope (about
15%), at 950 m a.s.l. According to the World Reference
Base for Soil Resources [31] this soil is classified as a
Cambic Umbrisol (Arenic). Samples of bark and soil were
taken from three pines chosen randomly and analyzed on
autumn 2005. Soil samples were collected in the 0-15 cm
surface layer, after removing the forest litter layer. For each
pine, replicate samples of soil and bark were collected
along three different directions as follows (Fig. 1): a soil
sample at 150 cm far from the base of the stem (named
Bs) and another soil sample just at the base of the stem
(named As); a bark sample at the base of the trunk, in
correspondence with the site where the As soil was sampled (named Low bark - Lb) and another bark sample at a
height of 150 cm (named High bark - Hb). The bark samples consisted of a little fragment taken out from each pine.
In addition, soil samples were taken under the same pine,
30 cm along each transect (three transects for each pine
plant; one every 120°) and monitored for pH value (potentiometrically in a suspension air dried soil-deionized H2O
with a ratio 1:2.5). Each transect started from the trunk
and ended to 150 cm far from the trunk. Thus, 18 soil
samples were analyzed for pH for each pine. Means of the
values at the different distances from the trunk were compared by one-way ANOVA plus t-test, considering a
significance level of 0.01.

DNA extraction from soil and bark was performed
using the FastPrep System developed by Bio101 (Qbiogene, Inc., CA 92008 USA), with some modifications. A
volume of 978 µl of 200 mM sodium phosphate buffer
(pH 8.0) and 122 ml of MT buffer were added to 500 mg
of soil or 200 mg of finely ground bark in a FastDNA tube
containing a matrix designed to lyse most cell types. The
mixture was shaken in the FastPrep instrument for 30 s at
5 m s-1 and then centrifuged at 20800 g (Centrifuge 5804R,
Eppendorf) for 5 min. The supernatant was removed and
mixed with 250 µl of protein precipitating solution by
shaking the tube by hand 10 times. This mixture was
centrifuged at 20800 g for 5 min at room temperature. The
supernatant was then transferred to a clean 15 ml tube and
1 ml of the binding matrix suspension was added. The
sample was placed on a rotator for 5 min to allow binding
of DNA to the matrix. Then, the tube was placed in a rack
for 5 min to allow settling of silica matrix. Five hundreds
microliters of supernatant were removed; the remaining
amount was transferred, in repeated steps, to a Spin Filter
and centrifuged at 20800 g for 1 min. The pellet in the
Spin Filter was washed twice, each by adding 500 µl of
salt-ethanol solution followed by centrifugation for 1 min
at 20800 g. The Spin Filter was then centrifuged for 2 min
at 20800 g and then left at room temperature for 10 min to
dry the pellet. The DNA was eluted by treating the Spin
Filter with 2 x 50 µl of DNA Elution Solution in a new
catch tube, gently stirring the matrix on filter membrane
with a pipette tip followed by centrifugation for 1 min at
20800 g. To minimize DNA shearing, vortex mixing was
avoided.
DNA quantification and quality test.

Soil DNA was quantified by fluorimetric measurements with the Hoefer DyNA Quant 200 fluorimeter and
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Hoechst 33258 dye solution (Amersham Pharmacia Biotech). The quality in terms of size of extracted DNA from
soil and bark was assessed by agarose gel electrophoresis
stained in 1:10000 ethidium bromide (10 mg ml-1), in the
presence of a DNA marker.
PCR conditions and oligonucleotide primers

The amplification of ammonia-oxidizer sequences was
performed by a nested PCR. Firstly the soil and bark DNAs
were amplified with the eubacterial primers 27f 5’-GAG
AGT TTG ATC CTG GCT CAG-3’ and 1492r 5’-CTA
CGG CTA CCT TGT TAC GA-3’ [32]. Afterwards, the
nested amplification was performed on 1 µl eubacterial
amplicons with primers for ammonia-oxidizing bacteria
amox f 5’- TGG GGR ATA ACG CAY CGA AAG-3’
position 141-158 and amox r 5’-AGA CTC CGA TCC
GGA CTA CG-3’ position 1314-1290, the product of which
was 1173 bp length [33].
Both reaction mixtures of 50 µl consisted of: 5 µl PCR
buffer (10x); 1.5 mM MgCl2; 200 µM of each dNTP;
20 pmoles each primer, appropriately chosen; sterile ultrapure water up to 50 µl; 2.5 U of Taq polymerase
(Polymed Biotechnology Division, Florence Italy). 40 ng
of template DNA were used in the first amplification.
The 16S rDNA universal eubacterial sequences were
amplified in a 25 cycles touch down PCR consisting of
30 sec denaturation at 95°C, 30 sec annealing at temperature decreasing five grades from 60°C to 50°C every five
cycles, 4 min elongation at 72°C and a final elongation of
10 min at 72°C. Bacillus subtilis genomic DNA was used
as positive control. In the nested PCR, 1 µl of the amplified product from the first amplification was added to
49 µl of PCR mixture. The cycle consisted of 1 min at
95°C, 1 min annealing at temperature decreasing two grades
from 64°C to 54°C every two cycles, 3 min elongation at
72°C. The last segment of 94°C 1 min, 54°C 1 min and
72°C 3 min was repeated 15 times. A final elongation of
10 min at 72°C completed the amplification. Nitrosomonas
europaea (ATCC 25978) or Nitrosolobus multiformis
(ATCC 25197) DNAs were the positive controls. A 2400
Perkin Elmer termocycler was used. After each PCR amplification, the size of the PCR product was verified on a 1%
agarose gel.
16S rDNA fingerprinting

The nested amplified bands of soil and bark samples
were extracted and purified from agarose gel after electrophoresis following the procedure described by the DNA
gel extraction kit Montáge (Millipore). Aliquots (400 ng)
of each purified band were digested with 10 units of the
restriction enzymes TaqI, HaeIII or AluI separately [34] in
a total volume of 30 µl for 3h, each at the appropriate
temperature. Digested DNA molecules were separated on
3.5 % agarose gels in 1x TAE, stained with ethidium
bromide, running at 30 V constant for 21 hours.

Potential ammonia-oxidizing activity

The potential ammonia-oxidizing activities were determined according to Belser and Mays [35]. Well-mixed
soil (40g) was weighed into a 500 ml sterile Erlemeyer and
treated with 100 ml 2 mM phosphate buffer (pH 7.5)
supplemented with 2 mM (NH4)2SO4; the suspension was
incubated on a rotary shaker at 26°C for 0, 3 and 6h when
an aliquot (5ml) was centrifuged at 11000 g for 5 min.
Three ml of the supernatant were mixed with 3 ml 2M KCl
to stop nitrification and analyzed for NO3-, NO2- and NH4+
concentration by autoanalyzer FOSS FIASTAR 5000.
Statistical analysis

The similarity of the 16S-RFLP profiles was assessed
by the Coefficient (NL) of Nei and Li [36] according to
the following relationship NL = 2a/(b + c) where a is the
number of bands shared by two samples, b is the number
of bands in sample 1 and c is the number of bands in
sample 2. Therefore, a NL index value approaching 1 indicates high similarity in the composition between the two
compared ammonia oxidizing populations. The total number
of different bands was determined for the compared samples, and then each sample was scored by considering the
presence or absence of each band of the two fingerprintings
under comparison [37]. Two bands were in common if they
migrated the same distance on a gel. The relatedness of
bacterial populations was determined by similarity coefficients.
Two way ANOVA was used to analyze DNA yields.
An independent t-test allowing for equal variance was used
to assess differences between potential ammonia-oxidizing
activities using “R” software package [38].
RESULTS
Soil pH

Soil pH increased progressively from an average value
of 3.66 in soil (0 cm) adjacent to the stem to a value of
4.90 in soil taken 150 cm from the stem. pH values at 0,
30 and 120 cm soils were significantly different (p= 0.01).
DNA extraction from soil and tree-bark

DNAs from soil and bark extracted by the FastPrep
System method were at least 10 kb in size and could be
clearly seen on an ethidium bromide-stained agarose gel.
DNA was quantified by fluorometer and the yield of replicates calculated per gram of dry sample were constant.
Direct lysis gave average values of 15 µg DNA and
29.4 µg DNA per gram of soil sampled at the base of the
trunk (As) and at 150 cm from the trunk (Bs), respectively, and these values were significantly (p<10-3) different. The average yields of DNA extracted from the bark
taken at an aboveground height of 150 cm [39] and at the
base of the trunk (Lb) were 14.9 and 19 µg per gram,
respectively; however, the difference between these values was not significant. Moreover, DNA yields from both
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barks and As soil were similar and significantly (p<10-3)
lower than that from Bs soil.
16S rDNA fingerprinting on ammonia
oxidizing population of soil and bark

The direct extraction method enabled successful amplification of soil eubacterial and ammonia-oxidizing 16S

rDNA. Restriction of the ammonia-oxidizing 16S rRNA
gene was carried out with 3 enzymes, TaqI, AluI or
HaeIII, on both soil and bark samples. We selected the
restriction enzymes after computer analysis of a number
of ammonia-oxidizing 16S rRNA sequences by considering what reported by [33].

TABLE 1 - Coefficient of Nei and Li indicating similarity of AOB 16S-RFLP profiles of soil and bark samples.
Soil/TaqI
As
Bs
As
Bs
As
Bs
Bark/TaqI
Hb
Lb
Hb
Lb
As
1.00
Hb
1.00
Bs
0.82
1.00
Lb
0.92
0.86
As
1.00
0.82
1.00
Hb
0.92
1.00
0.92
Bs
0.82
1.00
0.82
1.00
Lb
1.00
0.92
0.92
1.00
As
1.00
0.82
1.00
0.82
1.00
Hb
1.00
0.92
0.92
1.00
Bs
0.82
1.00
0.82
1.00
0.82
1.00
Lb
1.00
0.92
0.92
1.00
Soil/AluI
Bark /AluI
As
1.00
Hb
1.00
Bs
0.74
1.00
Lb
1.00
1.00
As
1.00
0.74
1.00
Hb
1.00
1.00
1.00
Bs
0.74
1.00
0.74
1.00
Lb
1.00
1.00
1.00
1.00
As
1.00
0.74
1.00
0.74
1.00
Hb
1.00
1.00
1.00
1.00
Bs
0.74
1.00
0.74
1.00
0.74
1.00
Lb
0.92
0.92
0.92
0.92
Soil/HaeIII
Bark/HaeIII
As
1.00
Hb
1.00
Bs
0.77
1.00
Lb
0.80
0.82
As
1.00
0.77
1.00
Hb
0.80
0.88
1.00
Bs
0.77
1.00
0.77
1.00
Lb
0.71
0.78
0.89
1.00
As
1.00
0.77
1.00
0.77
1.00
Hb
0.71
0.78
0.89
1.00
Bs
0.77
1.00
0.77
1.00
0.77
1.00
Lb
0.62
0.71
0.71
0.75
As, soil sampled at 0 cm from the trunk (pH 3.66±0.18); Bs, soil sampled at 150 cm from the trunk (pH 4.90±0.28); TaqI, AluI
striction enzymes used for fingerprintings.

Hb

Lb

1.00
1.00

0.92

1.00
0.92

0.92

1.00
0.75
1.00
and HaeIII, re-

FIGURE 2 A, B, C - A: Soil ammonium-oxidizing 16S rDNA fingerprinting on agarose gel obtained by endonucleases TaqI: 1-3, 7-9, 13-15
As soils; 4-6, 10-12, 16-18 Bs soils; L: 100bp DNA Ladder (Fermentas). B: 16S rDNA fingerprinting by endonucleases AluI: 1-6 As soils; 7-12
Bs soils; L: 100bp DNA Ladder (Fermentas). C: 16S rDNA fingerprinting by endonucleases HaeIII: 1-3, 7-9, 13-15 As soils; 4-6, 10-12, 16-18
Bs soils; L: 100bp DNA Ladder (Life Technologies).
In the lower side of each figure the schematic representations of the profiles is reported; the number of bands of each profile are reported at
the bottom. Three replicates per each Pine tree are shown for TaqI and HaeIII, two replicates for AluI endonuclease.
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FIGURE 3 A, B, C - A: Bark ammonium-oxidizing 16S rDNA fingerprinting on agarose gel obtained by endonucleases TaqI: 1-3, 7-9, 13-15
Hb barks; 4-6, 10-12, 16-18 Lb barks; L: 100bp DNA Ladder (Fermentas). B: 16S rDNA fingerprinting by endonucleases AluI: 1-6 left side
Lb barks; 1-6 right side Hb barks; L: 100bp DNA Ladder (Fermentas). C: 16S rDNA fingerprinting by endonucleases HaeIII: 1-3, 7-9, 13-15
Hb barks; 4-6, 10-12, 16-18 Lb barks; L: 100bp DNA Ladder (Fermentas).
In the lower side of each figure the schematic representations of the profiles is reported; the number of bands of each profile are reported at
the bottom. Three replicates per each Pine tree are shown for TaqI and HaeIII, two replicates for AluI endonuclease.

FIGURE 4 A, B - Ammonium-oxidizing 16S rDNA fingerprinting on agarose gel obtained by endonucleases AluI.
A: 1-6 Lb barks; 7-12 As soils; B: 1-6 Hb barks; 7-12 Bs soils; L: 100bp DNA Ladder (Fermentas).
In the lower side of each figure the schematic representations of the profiles is reported; the number of bands
of each profile are reported at the bottom. Three replicates per two Pine trees are shown.
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TABLE 2 - Changes in NH4+ and NO3- and concentrations during 6 hour incubation of soil samples (confidence interval 95%).
NH4+ (mg l-1)
NO3- (mg l-1)
As
Bs
t
p
As
Bs
t
p
T0
12.349±1.068
11.338±0.936
3.06
0.011
2.018±0.655
2.722±1.125
-1.682
0.121
T3
11.239±0.948
10.031±0.587
4.062
0.002
2.112±0.974
3.848±1.162
-3.588
0.004
T6
10.907±0.725
9.918±0.740
3.574
0.004
2.213±0.597
3.941±1.318
-4.605
<10-3
As, soil sampled at 0 cm from the trunk (pH 3.66±0.18); Bs, soil sampled at 150 cm from the trunk (pH 4.90±0.28); T0, T3, T6, incubation
time hours; ± standard deviation.

There was no correlation between sample parameters
(pH, soil and bark) and PCR product yield estimated by
stained gel band intensity (data not shown).
The analysis of fingerprintings after endonucleases
assays identified two groups of distinct profiles, for Bs
and As soils, with a good repeatability among replicates
and differences in band patterns between the two types of
samples were clearly visible. The profiles of ammonia
oxidizers obtained with the endonucleases TaqI showed ten
and seven bands in Bs and As soils, respectively (Fig. 2A).
The Nei and Li (NL) coefficient of the banding profiles
revealed a value of 0.82 between the ammonia-oxidizing
population of the two sets of soil samples (Table 1). The
similarity indexes were 0.74 and 0.77 when fingerprintings
obtained with the endonucleases AluI (Fig. 2B) and HaeIII
(Fig. 2C) were compared. These results suggest a shift of
the ammonia-oxidizing population in function of soil pH.
Generally, fingerprintings of bark samples were similar with no distinction in the 16S profiles between the Hb
and the Lb samples after each endonuclease assay (Fig. 3
A, B and C); this was also confirmed by the NL coefficients, which were generally equal to 1.0 between the two
groups of samples after TaqI and AluI treatments (Table 1).
Profiles of bark samples obtained with the endonucleases
HaeIII were also similar but showed a certain variability
among replicates. Interesting was that fingerprinting profiles from barks were more similar to the As than to the
Bs soil profiles; the NL coefficient between barks and the
As samples was 0.86 (Fig. 4 A and B).
Potential ammonia-oxidizing activity

Concentrations of NH4+ in soil suspensions were
higher than those of NO3- concentration in all samples and
were significantly higher in soils sampled at the base of
the pines (As) than in soils sampled at 150 cm from the
trunk (Bs); this trend was maintained during the 6 hour
incubation period.
At zero time NO3- concentrations were not significantly different between As and Bs soils, but during incubation they increased in Bs samples to be significantly
higher than in As samples after 3 and 6 hours (Table 2).
DISCUSSION
The soil at the base of pines was very acid probably
due to the abundant acid stemflow and the acidity decreased

by increasing the distance from the trunk. The soil close to
the trunk contained about 10 times more hydrogenions than
soil sampled 150 cm far. The cause of higher potential
ammonia oxidizing activity of the soil collected 150 cm
far than soil collected at the base of the trunk was probably due to the higher pH value in this last point. The fact
that in the acid soil (As) nitrate concentration remained
practically the same during the incubation period seems to
indicate that heterotrophic nitrification did not occur in
this soil. However, since we did not measure the potential
ammonia oxidizing activity in the presence of C2H2, we
could not distinguish heterotrophic from autotrophic nitrification.
DNA extracted from both soil and bark samples was
of large molecular size with almost no fragmentation; in
addition both DNA samples could be amplified by PCR.
The dsDNA content of soil has been used to quantify the
microbial biomass [40, 41]. By considering the respective
extracted amounts of dsDNA, the bark and the more acid
soil, sampled at few cm from the trunk, contained lower
microbial biomass than the less acid soil, sampled at 150 cm
from the trunk. This trend seems to support the hypothesis
that soil acidity can negatively affect the overall microbial
biomass.
Soil acidity also affected the composition of AOB
community of soil as evidenced by the comparison between
the fingerprintings of soil sampled at the base of the trunk
with that of soil sampled 150 cm away from the trunk.
However, the fact that the potential ammonia oxidizing
activity was low in the soil sampled at the base of the trunk
indicated that the AOB population of this soil was less
active at this low pH value (3.66), but it also indicated that
the low pH did not kill the AOB community, which
probably could survive under strong acid conditions waiting
for more favorable conditions for carrying out the nitrification process. De Boer et al. [42] also proposed the existence of groups of ammonia oxidizers that are adapted to
growth at different soil pH values even if ammonia oxidizing bacteria isolated from acid soils failed to nitrify in
liquid culture below pH 5.5, but chemolithotrophic nitrification is commonly ob-served in acid soils.
Another interesting finding of this work was the similar composition of AOB population of bark samples and
soil sampled at the base of the trunk. It may be hypothesized that AOB transported by stemflow can colonize the
soil at the base of the trunk because the strong acidity of
the latter can inhibit the growth of part of the soil micro-
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flora thus mitigating the competition by the autochthonous.
In addition, it may be hypothesized that the AOB population surviving in bark wetted by the acid stemflow can
also survive in the strong acid soil at the base of trunk.
In conclusion this work has shown some innovative
findings such as the similar composition of the AOB
populations inhabiting the bark and the soil at the base
of the trunk and the marked effects of soil pH on both
ammonia oxidizing activity and composition of AOB.
However, further research is needed to characterize AOB
species present in bark and soil samples by sequencing.
Expression of ammonia monooxigenase gene should also be
investigated by extracting RNA from soil and bark samples so as to assess more precisely the effect of varying
pH values.
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ABSTRACT
The sponge Aplysina aerophoba Schmidt, 1862 (Demospongiae, Verongida, Aplysinidae) is one of the most
common sponges in the Limski kanal. The family Aplysinidae Carter, 1875 is a potential source for natural bioactive
products. The information about sponge distribution patterns and their dependence on light, depth, substrate and
other factors could be very useful for in situ culture and can
be utilized to improve in vitro maintenance conditions, because a sustainable growth has not yet been observed ex
situ. A. aerophoba distribution along the Limski kanal has
been studied on twelve locations on the northern and southern coastlines of a channel-like bay in the Istrian peninsula,
Croatia. Several ecological gradients are present in the bay,
making it a suitable model habitat for the distribution of
this sponge. The sponges have been found most commonly
near the surface, with a decreasing trend in number and
size of specimens towards the depth. A. aerophoba presence is dependent on suitable, stable hard substrate like
rocks or rocky walls. An observed decrease of its abundance can be explained with shading by rocky notches
close to the water surface, by the presence of benthic
competitors (mainly algae) or by high sedimentation which
increases towards the eastern end of the bay.

KEYWORDS: Aplysina aerophoba, sponge distribution, ecology,
Porifera, Limski kanal, northern Adriatic Sea.

INTRODUCTION
Several metabolites either produced by sponges (phylum Porifera) or by their associated organisms like bacteria [1], have a pharmaceutical potential, which has already
been proven or which is even in preclinical phase [2-4].
Long running use of these drugs requires a sustainable
production of large amounts of biomass if the desired

metabolites cannot be synthesized artificially [5]. This can
be done by cell-culture, in situ aquaculture [6, 7] or diverse
in vitro methods [8, 9]. So far, a commercial production
of biomass sufficient for the extraction of the metabolites
has not been reached because of the lacking information
on the many factors regulating sponge growth and survival
in captivity. For this reason a better knowledge on the
ecology of the target species is essential [10]. Especially
data about the factors influencing the distribution and the
abundance of many species with a commercial potential is
missing [11, 12].
Sponges are important, sometimes dominant, benthic
filter feeders distributed in nearly all marine benthic habitats. Their species distribution is likely dependent not on a
single but on a combination of various factors [13, 14].
Several studies focused on the influence of these factors e.g.
sedimentation [15, 16], light availability [15, 17, 18],
algal growth [19], nutrient levels [20, 21] or the substrate
[22].
The sponge fauna of the surrounding waters of Rovinj
(Istrian peninsula, Croatia) is well examined and 141
species are known from this area [23, 24]. Abundance
and diversity of different sponge species at a depth easily
reachable for divers, are high in the Limski kanal an 11 km
long channel-like bay north of Rovinj. The bay has an EW orientation with the two opposite, almost parallel coast
lines facing north and south (Fig. 1). The southern side is
shaded from October/November until March by the surrounding mountains in contrast to the sunny northern side.
The bay geography and its hydrographic situation,
differing from the Istrian coastal waters, may generate
unique conditions for the benthic fauna. The differences
are mainly caused by freshwater sources especially at the
eastern end of the bay. They provide the bay with nutrients that subsequently cause an increase of plankton biomass in the eastern part [25], where Messal [26] recorded
a higher level of organic carbon (TOC) than at the mouth.
Indeed, cultivated mussels, which are filter-feeders like
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sponges, seem to grow better in the backside of the bay
[27]. Steuer [27] also recorded a planktonic decrease from
the surface to the bottom, in contrast to a rising TOC value
at least in the middle part of the bay. A positive influence
of terrigenous nutritional intake, although on heterotrophic
sponges, has already been observed [28]. The freshwater
sources cause also a three times higher sedimentation in the
eastern half of the bay compared to the opening [29]. The
digging activity of the very common decapod Callianassa
stebbingi Borradaile, 1903 [30] may also contribute to the
enhanced turbidity and nutritional situation. The mentioned
planktonic growth consumes the nutrients so that the
nutritive level decreases towards the middle of the bay. A
slight salinity change can only be observed along a vertical
gradient [26] and not along the bay, as the freshwater
drains off near the water surface [31]. Temperature, pHvalue and salinity are similar to the surrounding waters due
to in- and outgoing currents: the calculated water exchange
rate varies from 17.2 hours in autumn to 21.6 hours in
summer [32].
In deeper waters and at the end of the bay the bottom
is flat and completely covered with mud. It ascends with an
angle of 30 - 40 degrees becoming mainly detritic towards
the water surface, though some rocky walls, cliffs and
crevices can occasionally be found. On both sides, but
especially along the south coast, a wave-cut notch is often
present. The notch protrudes with a width of 30-40 cm
providing shade down below to a small rocky wall with a
height of two or three meters. The maximum depth at the
opening of the bay is around 33 meters rising steadily
towards the eastern end.
Vatova [33, 34] described the bay as a uniform soft
bottom habitat, an unsuitable substrate for most sponges,
characterised by a specific fauna (Schizaster-Turritella
biocenosis). He worked systematically on the benthic fauna
of the bay but recorded only three sponge species. Later
on, other authors listed 16 additional species [24, 35-38].
Brümmer et al. [23], using belt transects listed other
32 sponge species both on the detritic and rocky bottom of
the bay and among them one of the most common ones is
Aplysina aerophoba Schmidt, 1862.
The family Aplysinidae Carter, 1875 is a large source
for natural products [39-41] and predominantly distributed in temperate waters of the northern hemisphere [42]. In
the Mediterranean Sea two species can be found: the type
species of the family Aplysina aerophoba Schmidt,
1862 and Aplysina cavernicola (Vacelet, 1959), which
usually grows in caves and greater depths than A. aerophoba.
Schmidt [43] already noted that A. aerophoba is a
very common sponge of the Adriatic Sea that can usually
be found in shallow and calm areas but also "in der Tiefe"
(in the depth). Rützler [44, 45] recorded it in the surroundings of Rovinj in all common littoral habitats settled
by sponges, except the shadowed or partly shadowed areas
down to a depth of six meters. The occurrence range is

commonly defined between the surface and 20 or 30 meters
of depth [46, 47] on “shallow rocky substrate exposed to
light” [42]. Its colour is basically yellow but associated
cyanobacteria confer it a brownish sometimes greenish
touch. A. aerophoba is a photophilic species due to presence
of symbiotic cyanobacteria and its abundance decreases
from the surface to the depth [48].
Aim of the presented study is to analyse the distribution patterns of A. aerophoba in the Limski kanal and
their dependence on light, depth, substrate and other factors. Ecological gradients, in terms of sedimentation, light
and substrate availability are present in the bay, making it a
potential model habitat for the distribution of this photophilic sponge. The Limski kanal might even be regarded
as model for the Adriatic Sea [30]. In aquaria A. aerophoba looses the associated cyanobacteria within several
weeks and the secondary metabolites almost disappear
[49]. A sustainable growth has not yet been observed ex
situ. The information about distribution patterns could be
very useful for in situ culture and can be utilized to improve in vitro maintenance conditions.
MATERIALS AND METHODS
Investigated locations

Twelve locations along the Limski kanal, six for each
side (North and South), were surveyed in a period of around
one year (2002/2003) by SCUBA diving (Fig. 1, Table 1).
These locations cover the western opening (Locs. 3, 4, 33,
31), the middle part (Locs. 9, 11, 29, 36), and the eastern
end of the bay (Locs. 14, 15, 22, 20). For each location 10
randomly positioned squares (1m x 1m) were utilized at
three depth ranges (drI: 1–3m, drII: 6–10m, drIII: 12–18m),
which makes a total of 30 squares per site, to calculate the
density and the distribution patterns of A. aerophoba. The
three depth ranges were chosen in order to have represented
the common habitats of the bay except most of the muddy
bottom.
Methods

The specimens of A. aerophoba were counted per
square in order to calculate the density (number of specimens per m 2: sp/m 2) and the maximum and minimum
diameters were measured in order to estimate the projected
cover area. The cover area was then calculated according to
the formula used for an ellipsoid: A = π x a x b / 4 (Fig. 2).
The calculated error obtained with this approximation is between 1.5% and 2.5%.
The different substrate types were grouped in 6 classes,
according to their morphology: rocky wall under the notch
(RW u.n., rocky walls, that are located directly under the
mentioned wave-cut rocky notches and therefore shaded
by rocky projections), rocky wall (RW, rocky surface with
a vertical or close to vertical inclination), rocks (R, rocks
with a diameter larger than 30 cm), detritic bottom (D,
mixed bottom with stones smaller than 30 cm, sand and
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a)

b)

Istrian peninsula

Limski
kanal
Lim
channel

Rovinj

c)

3

14

4

15
9

11
protected area
22

33

31

29

20

36

1 km
Opening

Middle Part

End

FIGURE 1 - Position of the Limski kanal, Croatia: a) the Mediterranean Sea, b) the Istrian peninsula and c) surveyed locations.

TABLE 1 - GPS positions of surveyed locations in the Limski kanal.
Opening

Middle Part

Side
N

Loc. No.
3

Loc. No.
9

N

4

S

33

S

31

N 45° 8,709'
E 13° 37,513'
N 45° 8,820'
E 13° 38,407'
N 45° 7,849'
E 13° 37,587'
N 45° 7,816'
E 13° 38,697'

Eastern end
N 45° 8,300'
E 13° 40,154'
N 45° 7, 956'
E 13° 41,168'

11
29

N 45° 7, 777'
E 13° 39,861'
N 45° 7, 779'
E 13° 40,872'

36

Loc. No.
14
15
22
24

N 45° 8, 252'
E 13° 42,413'
N 45° 8, 110'
E 13° 43,194'
N 45° 7, 972'
E 13° 43,734'
N 45° 8, 880'
E 13° 42,452'

sediment) rocks on detritus (R/D), and mud (M, mainly
composed by very fine organic and inorganic sediment).
The data were written down on water proof paper in preprinted forms.

a
b

FIGURE 2 - Calculation of the specimens’ size.
The covered area was calculated as A=π x a x b / 4.
Deviation of real and calculated size in the example: 1.9 %.

To ensure a correct taxonomic classification, samples
and pictures of uncertain specimens were taken using a
Nikon F-80D, objective Sigma 24mm DG macro, caged
into a Sealux cage or alternatively a digital camera Nikon
Coolpix 995. Samples and pictures were then analysed in
the laboratory.
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RESULTS

the bay (Fig. 4f, 5e, f), where we counted only 17, 5 and
16 specimens respectively.

At the opening of bay the bottom is dominated by a
hard and solid substrate and mud is almost absent. In
contrast, at the eastern end rocky walls are missing and
detritic and muddy areas are widely distributed (Fig. 3b).
Along a depth gradient a trend to pass from rocky substrate to detritus and mud was observed (Fig. 3a).
Figures 4 and 5 show the density (number of specimens/ square meter and the mean size of specimens for
each location). We found A. aerophoba at all locations in
every depth range, even if no specimens were recorded inside the squares. Therefore, in the Figures 4 and 5 A.
aerophoba may be shown as absent even if it was present in
a number not detectable with this method.

60

1-3m
6-10m
12-18m

a)

In the middle of the bay we found a special situation
as the two southern locations differed strongly from each
other: the density was very low at loc. 29 (Fig. 4c) with
0.4, 0.2 and 0.1 sp/m2 in the three depth ranges in contrast
to location 36 (Fig. 4d), where 2.3, 3.6 and 0.9 sp/m2 was
recorded.
Fig. 6 shows that the density decreased from the opening of the bay (1.5 sp/m2) towards the end (0.9 sp/m2 in
the middle part and 0.5 sp/m2 at the end). The mean size
was higher at the end of the bay. Standard deviation resulted to be quite high because of the high variability of the
sample (data not shown). In this special case two very large
specimens on locations 15 and 20, which grew on R and
R/D respectively, strongly deviated form the mean value.

50

40

No. of squares

Where the rocky notch was present, no or only a few
specimens could be found between one and three meters
of depth - drI (Fig. 4b, d, 5 a, b). Moreover, we always
found none (Fig. 5a, d, e) or very few sponges (Fig. 5b, c, f
with a density of 1.3, 0.9 and 0.1 sp/m 2 ) in drI on the
northern side. This means that even if the notch was
missing the growth of A. aerophoba was inhibited on the
north side at drI.

30

20

10

Comparing the three depth ranges (Fig. 7) it can be
seen that the size of the specimens is steadily decreasing
towards deeper water. The density is the highest in drII
(1.14 sp/m2), similar is the value in drI (1.13 sp/m2), and
the lowest is in the deepest region (0.65 sp/m2). Considering the northern and the southern side, density values
differ especially in shallow water (Fig. 8a). On the shaded
southern side the density is the highest in drI and decreased steadily towards drIII. On the northern side it is
the lowest in drI, the highest in drII and decreased towards
drIII. The last two values are higher than those at the
homologue depth ranges on the southern side. The results
from the belt transects supported this trend (Fig. 8b): in
shallow water (2 m) the abundance of A. aerophoba is
lower in the north than in the south and higher in the depth
(10 m, 15 m), where it was steadily decreasing on the both
sides.

0
RW u. n.

60

RW

R

D/R

D

b)

M

opening
middle
end

50

No. of squares

40

30

20

10

0
RW u. n.

RW

R

D/R

D

M

FIGURE 3 - Distribution of substrate types related to a) the three
depth ranges (1-3 m: drI; 6-10 m: drII; 12-18 m: drIII), b) the part
of the Limski kanal from the western opening to the eastern end.

On the shaded southern side we usually recorded a decrease in abundance and size of the specimens from the
surface to the depth (Fig. 4a, b, c, f) with an exception for
location 36 (Fig. 4d) and location 22 (Fig. 4e), where the
density increased from 0 to 0.2 and to 0.5 sp/m2. At location 22 the absolute abundance was very small (7 specimens), like at the other three locations in the backside of

Fig. 9 shows the density and Fig. 10 the mean size of
the specimens dependent on the substrate. The mean size
(Fig. 10) was larger on unshaded rocky walls (275.25 cm2)
and decreased from rocks (183.93 cm 2 ) to detritus
(94.82 cm 2) and mud (68.59±cm2). The graph for the
density (Fig. 9) looks similar, with an exception of a noticeable smaller value for the rocky walls. In the mud only
0.24 sp/m2 could be found and beneath 18 meters of depth
the density was approximately 0 though single specimens
could be found in the mud even in the maximum depth of
the bay of 33 meters.
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FIGURE 4 - Density and mean size of specimens at every location on the
southern side from the beginning (a: Loc. 33) to the end (f: Loc. 20) of the Limski kanal.
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FIGURE 5 - Density and mean size of specimens at every location on the
northern side from the beginning (a: Loc. 3) to the end (f: Loc. 15) of the Limski kanal.
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DISCUSSION

the composition of the microbial organisms and the metabolic rates [55].

A reliable overview of the distribution of Aplysina
aerophoba along the Limski kanal was obtained with the
used method. Applied method for calculation density of
sponges is suitable for most encrusting and massive sponges
but might be limited for arborescent species. For other
growth forms the calculation of specimen size should be
adapted by using e. g. estimated percentages of covered area
[50]. A. aerophoba is one of the most abundant sponges in
the bay.
A. aerophoba is present in all surveyed depths and on
all types of substrate of the bay suggesting it is an adaptable species, able to cope with different ecological situations though it is usually restricted to shallow, sunny
habitats.
A. aerophoba was found in all the surveyed locations
with a marked preference for the opening of the bay and
the shallow waters till about 10 m, except for the very
shallow and vertical surfaces present below the rocky wavecut notch. In fact, being a photophilic species, A. aerophoba
is strongly influenced by the shading projections above the
wave-cut notch, in contrast to several other sponges settling
below it. But even if the notch is missing it sometimes
seems to be difficult for the sponge to compete with other
benthic organisms on the sunny northern side (loc’s 11,
14, 15).
The presence of autotrophic symbionts in photophilic
sponges such as A. aerophoba, allows them to colonise
areas with high sun radiance. Autothrophic symbionts may
produce protection from oxidative stress due to light [51],
and may provide extra food sources to the sponge, through
the products of the photosyntesis [52]. Light may also influence the settlement-substrate choice of the larvae [18].
On the other hand, even sun exposed substrate but with a
vertical inclination (RW: rocky walls) displayed a lower
density (Fig. 9). Some sponge species developed mechanisms to tolerate the loss of the cyanobacteria if they grow
in dark habitat (e. g. Petrosia ficiformis), but others (like
Chondrilla nucula) suffer "a dramatic metabolic decline"
without them [53]. A. aerophoba reduced its cyanobacterial
content when transplanted from shallow (3m) to deeper
water (30 m), indicating a similar dependency [48]. Furthermore, specimens that lost their cyanobacteria within
12 weeks subsequently to aquaria maintenance showed an
almost complete lack of the typical secondary metabolites
[49]. However, in consequence of starvation and antibiotic
exposure the bacterial content and the metabolite patterns
did not change [54]. Specimens that were first exposed to
light under experimental condition reduced their oxygen
consumption rate to nearly fifty percent when they were
shaded (R. Osinga & F. Hoffmann, unpublished data). All
this indicates that the content of associated cyanobacteria
and as a consequence the secondary metabolite pattern is
mainly dependent on light and limits probably the growth
of A. aerophoba. In contrast, transplantation experiments
on Aplysina cavernicola did not show changes concerning

In the Limski kanal we found a significant steady decrease of the density towards the depth only on the southern side (Fig. 8a, p=0.3) and not on the sunny northern
side as a result of the shading and, likely, of the competition with algae. Where the wave-cut notch is not present,
red algae can cover most of the substrate at single locations in shallow areas on both sides [26]. In these locations,
specimens of A. aerophoba are possibly displaced and
grow better in deeper water where there is not enough
light for most macroalgae. On the northern side of the bay
the exposure to the sun is higher than in the comparable
depth in the south and A. aerophoba is more abundant in
drII and drII (Fig. 8a) and in 10 and 15 meters respectively (Fig. 8b). In contrast, on the shaded southern side the
lower radiation seems not to allow excessive algal growth
and A. aerophoba grows best in shallow water.
Rützler [44] regarded the algae as one of the main
benthic competitors of sponges in shallow waters. A.
aerophoba seems to be able to withstand the competition
at least against the most common macroalgae. In fact,
even if in the bay the macroalgae are not so massively
present to inhibit the growth of A. aerophoba, in Ruja, a
shallow waters bay a few kilometres south from the bay,
the sponge co-occurs with a large population of macroalgae. On the other hand, during summer, we could observe
a fine algal or bacterial layer covering the whole benthos,
which may inhibit to some extend the growth of photophilic sponges.
The values for density and size of the specimens can
be delusive, if regarded separately: a high number of individuals can be the result of a large sponge disaggregating
into several smaller ones and the mean size can be high
because of one single but large specimen (what we found
e. g. on loc. 15, Fig. 5f), especially if the total number of
specimens is low.
It has been discussed whether the microorganisms inhabiting a sponge should be regarded as symbionts or just
commensals [56, see Taylor et al. 2007. for a review].
Unson and co-workers [57] included both mutualistic and
commensal associations in this term and excluded only
parasitism, ammensalism and non-specific endo- or epibiosis. The dependence of the distribution of A. aerophoba
on light is an indication for a symbiotic and mutualistic
relationship. In other words the sponge must benefit from
the associated organisms, if the need of the latter limits
the sponge’s distribution. Obviously, this intercorrelation
still has to be proved biochemically but it is quite likely
to occur, as it has been described for coral reefs sponges
[58] and for fresh water sponges [52].
Sponge diversity is reduced in general at the eastern
end of the bay where A. aerophoba population is almost
absent: only a few specimens can be found. Sponges are
sensitive against sediment, probably because the inhalant
pores get clogged by suspended particles [59] and only few
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species are adapted to this environment. Aplysina lacunosa,
a tropic relative to A. aerophoba, showed a decrease of its
pumping rate over several days when sedimentation was
high [15]. Whether or not the sedimentation or the amount
of suspended particles at the end of the bay is strong
enough to affect the growth or the development of A.
aerophoba is not yet proved, but it is likely. Especially
when the sponges are still so small that they get easily
covered by the sediment. Besides that, high sedimentation
quickly covers appropriate substrate, forming a thick soft
cover reducing available hard surfaces and hindering larvae
settlement. Anyway, similarly to other species with elevated
oscula [60], the erect and digitate shape of A. aerophoba
may also reduce the sediment load on the sponge avoiding
the clogging allowing it to grow in highly sedimentation
areas [61]. As shown in Fig. 6, at the eastern end of the
bay, while the density is decreasing, the individual size is
higher suggesting that larger adult specimens are not
affected by higher sedimentation and can develop large
body shapes if appropriate substrate is available even in
high sedimented areas (Fig. 6). Beneath 18 meters of depth
the substrate in the bay consists of fine mud and only a few
specimens of A. aerophoba can occasionally be found.
Therefore density studies were unessential. In the muddy
area included in the squares the density is the lowest
among all substrate classes. Moreover, most of the sponge
specimens found in this environment did not stuck loose
in the mud but were attached to small stones or biogenic
substrate like mollusc shells or coral branches, which
possibly cause a snow-shoe-effect to prevent the sponge
from sinking in the mud [62]. However, it is obvious that
there is no real preference for this habitat but this is just a
survival strategy. A. aerophoba prefers - like most other
sponges - a rocky substrate.
The inclination of the substrate can play an important
role for the sponge growth in habitats with high sedimentation rates [13] and only larger rocks emerging from the
mud with inclined or vertical sides, where less sediment is
deposited, can be regarded as suitable substrate [44]. In
most of the muddy areas we occasionally found such
emerging rocks or - especially in the eastern end of the bay a Cladocora caespitosa reef (covering several square meters) that host A. aerophoba and other sponge species [23].
The size of the specimens is strongly related to the
substrate type (Fig. 10). However it has to be taken into
account, that there is a relation between the substrate and
the depth (Fig. 3a) and that the substrate classes are not
equally distributed along the bay (Fig. 3b). In fact, a trend
from hard substrate to detritus and mud can be observed
from the opening towards the end of the bay. Along both
gradients sponge growth decreases. The intercorrelation
of sponge growth and the substrate type can therefore not
be regarded separate, but the presence of sponges settled
on large rocks in the high-sedimentation areas, gives
evidence to the indicated relationship between substrate
and distribution.

Flow regime and water turbulence produced by the
swell and the tidal movements reaches to the rear part of
the bay because of the minor depth [63]. Therefore substrate forming stones can be displaced by this movement if
their size is small enough [22], what might be another reason
for the decrease in the number of specimens. Rützler [22]
gave a limit of around 3 kg for the substrate forming stones
to be regarded as stable and similar to solid rock for a depth
between 3 m and 10 m. The weight limit in the bay should
be lower, because of the calm water conditions. For the
development of big specimens a stable substrate in time
and space is necessary. The biggest sponges therefore grew
either on rocky walls (RW) or on bigger rocks (R). Currents
in the order of magnitude that occur in the research area do
not affect the development of A. aerophoba as it also grows
on exposed sites if stable substrate is present.
The small number of specimens on rocky walls might be
due to the competition with abundant encrusting sponges.
Another reason might be the reduced insolation due to the
inclination of the substrate.
A. aerophoba was found in all locations along the bay,
almost always sympatric with Chondrilla nucula. Both
species can be considered the most widespread in the bay.
They share the same habitat and, therefore, they have to
face the same ecological conditions in spite of two completely different morphotypes. C. nucula is a thick encrusting
sponge while A. aerophoba is digitated. The strategies of
colonization of the substrate are very different. C. nucula
has a high morphological plasticity that allows it to spread
rapidly on the substrate, forming large patches by means
of fragmentation and locomotion [50]. Due to the absence
of a well structured skeleton, it can change its shape and
adapt it to the environment. On the contrary A. aerophoba
has a lower plasticity due to a well developed sponging
skeleton. Anyway it can also fragment and attach to a new
substrate. Since it is a digitaded sponge, it does not need a
big surface to attach. Small stones or mussel shells are
generally enough to allow a specimen to grow and develop,
at least in environments with low hydrodynamics like the
Limski kanal. Moreover, concerning the competition for
the substrate, the species form often an assemblage, where
A. aerophoba is sometimes overgrown by C. nucula,
without any relevant disturbance [50]. Other sponge species (e. g. Petrosia ficiformis or Hemimycale columella) can
also over-grow A. aerophoba in the bay. Whether the overgrowth affects or stimulates the production of chemical
compounds still needs to be investigated.
A. cavernicola is usually found beyond 30 m of depth
[64] and only occasionally in more shallow areas if caves
are present [65]. During the work to this study we discovered that specimens of A. cavernicola and A. aerophoba
show in some areas a sympatric distribution. A reason for
the occurrence of A. cavernicola in the shallow waters in
the bay might be the high sedimentation and consequential reduction of light availability in combination with the
calm water conditions. Only the high annual temperature
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changes differ from its usual habitat. This unusual situation might be very helpful in future to understand whether
they are just ecological forms, two sibling species or two
completely separated species [66].
As a general conclusion, we can assert that A. aerophoba is a photophilic species widely distributed along the
Limski kanal, especially in sunny habitats as long as the
environ-mental conditions do not allow excessive algal or
bacterial overgrowth and/or the excessive sedimentation
do not influence the survival and the availability of hard
substrates.
For A. aerophoba the presence of a hard substrate as
well as a sufficient amount of light to maintain the association with autotrophic symbionts is essential. On the
other hand, direct sunlight should not be too high in order
to avoid the competition with macroalgae. Mainly stable,
rocky substrate like different sized rocks or not shaded
rocky wall is crucial for its development. The inclination
of the substrate can influence the growth of the sponges.
Shaded vertical surfaces (like the rocky walls under the
notch) possibly limit the growth of photophilic species due
to reduced light exposure. It is likely that the high sedimentation in the eastern half of the bay affects the growth and
distribution of A. aerophoba, but this has to be proven in
future.
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ABSTRACT
We investigated the relationships between various soil
characteristics and anatomical wood attributes of Quercus
pontica C. Koch. Wood and soil samples were collected
from Rize-Ikizdere-Cimil and Rize-Findikli, Turkey, where
Q. pontica is widely distributed. The soil samples were
analyzed for particle size distribution (sand, silt, and clay
content), pH, organic matter, field capacity (moisture
equivalent), wilting point, and available water capacity
(AWC). Wood samples were obtained along with soil samples. To determine fiber characteristics, fibers were prepared using Schultze’s method and measured under a microscope. We found significant correlations between wood
anatomical features and soil characteristics. Altitude was
positively correlated with the number of vessels per mm2
(r=0.98, p<0.01) and tracheid fiber wall thickness (r=0.36,
p<0.05). Altitude was negatively correlated with the length
of vessel members (r=-0.83, p<0.01), the radial diameter
of vessel elements in latewood (r=-0.89, p<0.01), the
tangential diameter of vessel elements in latewood (r=
-0.96, p<0.01), the height of uniseriate rays (r=-0.68, p<
0.01), and the number of uniseriate rays per mm (r=-0.89,
p<0.01). AWC was negatively correlated with the number
of vessels per mm2 (r=-0.74, p <0.01). Furthermore, vessel element length (r=0.63), radial diameter of vessel elements in latewood (r=0.68), tangential diameter of vessel
elements in latewood (r=0.73), height of uniseriate rays
(r=0.68), and number of uniseriate rays per mm (r=0.53)
were positively correlated with AWC (p <0.01).

KEYWORDS:
Altitude, ecological wood anatomy, Quercus pontica, soil properties

INTRODUCTION
Plant community distributions are affected by a number of site factors, as well as by genetic characteristics. Plant
community distributions depend on the underlying land
base (e.g., soil characteristics, topography), climate, and

the disturbance regime. In addition to general ecological
factors, local ecological factors are also very important
determinants of plant distribution, growth, and development. These factors, especially climate and altitude, are
vitally important to the establishment of both woody and
herbaceous plant communities.
There are several consecutive phases of wood formation (i.e., division in the cambial zone, differentiation,
cell expansion, secondary wall deposition, and autolysis of
xylem elements; [1]). These successive phases are potential
tar-gets for disturbance by different stressors. Environmental factors (e.g., moisture, light, temperature, and
soil), silvicultural activities, pollution, and several other
factors can affect wood properties [2, 3]. Natural growth
characteristics of trees also affect the mechanical properties of wood [4]. Wood quality is affected by chemical
composition and structure, which, from an economical
point of view, affect the end use possibilities of wood in
the mechanical and chemical forest industries [5]. Altitude and climate can affect the physical and chemical
properties of the soil. These local factors also influence
plant morphology. Much is known about the effects of
ecological factors on wood [6-17]. However, most of
these studies examined only the effects of altitude.
There is a limited number of studies in the literature
that investigate the relationships between other ecological
factors, particularly soil characteristics, and wood anatomy. However, some earlier studies examined the relationship between site and wood physical and mechanical
properties [18-20]. We investigated the relationships between various soil characteristics and wood attributes of
Quercus pontica growing in the eastern Black Sea region
at 1300-2000 m above sea level.
MATERIALS AND METHODS
Quercus pontica is found in northeastern Anatolia
and the Caucasus. This oak species is distributed in
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Artvin-Murgul, Rize-Ikizdere-Cimil, Rize-Findikli, Trabzon-Of-Buyukharman, and Artvin-Hopa [21]. Quercus
pontica is a tall (3-5 m) deciduous shrub with a lax habit.
Leaves are typically found at the ends of branches and are
regularly serrate with 20-30 acute teeth. The cupule is
hemispherical, 15-20 mm in diameter, and brownish, with
scales that are triangular-ovate, acuminate with adpressed
tips, and pubescent. The acorn is ¾ exserted. Quercus
pontica is found in northeastern Turkey in Fagus orientalis and Picea orientalis forests and Rhododendron ponticum scrub, 800-2100 m above sea level [22].
The study sites were in the eastern Black Sea region
of Turkey, 40o28’ – 41o21’ N and 40o12' – 41o26' E. This
region receives the most rainfall and has the highest humidity in the country. With highly rugged, mountainous
topography, there are significant ecological differences between the sea-side and continental slopes. Terrestrial plant
distributions in this region are strongly influenced by the
mountain range, which runs parallel to the sea. The position of the mountain range results in heavy precipitation
on north-facing (i.e., sea-side) slopes, resulting in a large
difference in precipitation between the continental and seaside slopes. There are also significant differences in altitude,
which cause significant differences in temperature. The
eastern part of the region (Rize-Findikli-Hopa), where Q.
pontica is distributed, receives 1990-2357 mm of precipitation annually, and the average temperature is 14.0-14.8oC.
The high annual rainfall is the result of the high and steep
Rize-Kackar Mountains and frontal northwest winds. In
the Trabzon-Hemsin part of the region, the annual rainfall
is 1679.2 mm, and the average temperature is 14.3oC [23].
Study sites were chosen randomly at Rize-Findikli
(1300 m and 1700 m altitude) and Rize-Ikizdere-Cimil
(2000 m). Wood samples were taken from 1300 and 1700 m
in Rize-Findikli and 2000 m in Ikizdere-Cimil. Soil samples in Rize Findikli were collected at 1280, 1300, 1350,
1400 (1300 m altitude zone), 1650, 1700, and 1750 m
(1700 m altitude zone) and in Ikizdere-Cimil at 1900, 1950,
2000, and 2050 m (2000 m altitude zone). Soil samples were
taken from depths of 0-20, 20-50, 50-80, and 80-120 cm at
each site.
Soil analyses

Air-dried soil samples were passed through a 2-mmsieve and stored for later analysis. Particle size analysis
was conducted for each sample using the Bouyoucos hydrometer method. The pH was determined with the glass
electrode method at a 1/2.5 ratio with deionized water. Organic carbon was determined with the Walkley-Black modified acid-dichromate FeSO4 titration organic carbon procedure [24]. Field capacity and the wilting point were determined using pressure equipment with a ceramic panel
(Soil Moisture Equipment Co.) [24, 25]. The available
water capacity (AWC) was calculated by subtracting the
wilting point from the field capacity [26].

Wood anatomy

To determine the anatomical properties of wood, samples of Q. pontica were sectioned and stained with safranin.
Samples were macerated with Schultze’s method (nitric
acid and potassium chlorate) [27]. Macerated material was
used to measure the lengths of libriform fibers, fiber tracheids, vasicentric tracheids, and vessel elements, and fiber
diameter. The quantitative data were measured and counted
on sections.
Statistical Analysis

The average was calculated from 30 measurements. All
individual results were compared to the environmental
factors (altitude, organic matter, AWC, soil composition),
and correlations between the environmental factors and
wood anatomy were assessed. All wood terms used conform to the IAWA Committee on Nomenclature [28]. We
analyzed the data using Pearson correlations in SPSS
(SPSS, Inc., Chicago, IL) to explore the relationships
between wood anatomy and the environment.
RESULTS AND DISCUSSION
Anatomy of Quercus pontica

Quercus pontica is a shrub of low to medium height.
The wood anatomy of Q. pontica is described in Table 1.
Microscopic wood features

Wood ring-porous or semi-ring porous. Vessels arranged in diagonal and radial or dendritic patterns. Growth
ring borders with distinct differences in vessel diameter between latewood and earlywood (Fig. 1). Growth rings usually have wavy borders. Vessels: Vessels 8-64 mm2, mostly
solitary; tangential and radial diameter of the largest solitary pores 91-182 and 117-240 µm in earlywood, 15-74
and 20-76 µm in latewood; somewhat angular; walls 2.253.75 µm thick. Vessel member length 137-649 µm. Perforation plates mostly simple, rarely scalariform with 5-10
bars; end walls oblique (Fig. 2). Intervessel pits alternate,
round, 5-8 µm in diameter. Vessel-ray pits with border
much reduced to apparently simple; horizontal (Fig. 2).
Tyloses present in earlywood vessels but helical thickening absent in all vessels (Fig. 2). Imperforate tracheary
elements: Libriform fibers, fiber tracheids, and vasicentric
tracheids are found in the wood. Libriform fibers: Libriform fibers polygonal in cross section, simple pit spars on
radial walls with chambers less than 3 µm in diameter;
558-1207 µm long, 11.2 – 26.1 µm in diameter; walls 1.84.7 µm thick. Fiber tracheids: Fiber tracheids polygonal
in cross section, with distinctly bordered pits both in radial and tangential walls, pit chambers 6.50 µm in diameter;
420-909 µm long, 13.0-31.7 µm in diameter, walls 1.8-4.7
µm thick. Vasicentric tracheids: Vasicentric tracheids
present around earlywood vessels with numerous, distinctly
bordered vesturing in their radial and tangential walls and
different from ground tissue fibers by their irregular shapes;
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229-611 µm long, 20.5-37.3 µm in diameter, walls 1.9-4.7
µm thick (Fig. 2). Axial parenchyma: Parenchyma rather
abundant, predominantly apotracheal, diffuse-in-aggregates
and scanty paratracheal, in strand 4-6-8 cells. Rays: Rays
homogeneous, composed of procumbent cells; uniseriate
and biseriate, uniseriate rays abundant (99.9%), fewer
multiseriate rays than other oak species; 72-456 µm high
(Fig 3). Sometimes aggregate rays observed. Crystals:
Crystals not observed.
Correlations between soil characteristics and wood anatomy

Soil characteristics at the study sites are given in
Table 2. The soils had sandy loam, sandy clay loam, and
loamy sand soils. Organic matter content ranged between
1.84 to 5.62 % . Soil pHs were moderately acid (4.9-5).
Generally, the available water capacity of soil decreased
with increasing altitude as well as field capacity and
wilting point (Table 3).
The correlations between environmental characteristics and wood anatomy are shown in Table 3.
The number of vessels per mm2 (r=0.98) and libriform fiber wall thickness (r=0.36) were positively correlated with altitude. This result suggests that the number of
vessels and tracheid fiber wall thickness increase with
altitude, as previously reported by [14]. However, altitude
was negatively correlated with the length of vessel members (r=-0.83, p<0.01), radial diameter of vessel elements
in latewood (r=-0.89), tangential diameter of vessel ele-

ments in latewood (r=-0.96), height of uniseriate rays
(r= -0.68), and number of uniseriate rays per mm (r=0.89). Similar results have been found previously [12, 30].
At high altitudes, it is more difficult for plants to take
up water due to the lower temperature, and plants have
thicker vessels but take longer to absorb water and move
it to the leaves. We found that AWC was lower at higher
altitudes; AWC decreased from 26.10 at 1300 m altitude
to 6.96 at 2000 m altitude. Previous studies have also documented lower AWC at higher altitudes [31,32]. AWC was
negatively correlated with the number of vessels per mm2
(r=-0.74), indicating that the number of vessels in a given
area increases as AWC decreases. Various studies on wood
anatomy have suggested an increase in the number of
vessels at high altitudes [14, 30, 33]. We found that AWC
was correlated negatively with altitude and negatively with
the number of vessels, supporting the correlation between
vessel number and altitude. As altitude increases, AWC
decreases and thus the number of vessels increases.
Moreover, AWC was positively correlated with vessel
element length (r=0.63), radial diameter of vessel elements
in latewood (r=0.68), libriform fiber length (r=0.52), tangential diameter of vessel elements in latewood (r=0.73),
the height of uniseriate rays (r=0.68) and the number of
uniseriate rays in per mm (r=0.53). Our results are in accordance with previous findings [14]. Plant height decreases with increasing altitude (Table 1; [32]), as do vessel diameter and fiber length.

TABLE 1 - Wood anatomy of Quercus pontica. Data presented are
averages (n=30), with maximum and minimum values in parentheses.
Voucher number
Site
Altitude (m)
Plant height (m)
Plant diameter (cm)
Number of growth rings
Width of growth ring (mm)
Earlywood vessel
Tangential diameter (µm)
Radial diameter (µm)
Latewood vessel
Tangential diameter (µm)
Radial diameter (µm)
Length of vessel member (µm)
Pore density (mm2)
Libriform fibers
Length (µm)
Width (µm)
Wall thickness (µm)
Fiber tracheids
Length (µm)
Width (µm)
Wall thickness (µm)
Vasicentric tracheids
Length (µm)
Width (µm)
Wall thickness (µm)
Rays (uniseriate)
Number (mm)
Height (µm)

KATO 13098
Rize-Findikli
1300
6
12
25
1.2

KATO 13096
Rize-Findikli
1700
5
10
30
1.2

KATO 13097
Rize-Cimil
2000
2
4
16
0.7

134 (100-177)
164 (115-240)

144 (96-182)
154 (115-201)

91 (52-124)
117 (81-158)

47 (26-74)
47 (20-76)
447 (222-596)
20 (8-28)

39 (24-62)
45 (20-67)
448 (305-649)
31 (12-46)

26 (15-35)
33 (20-52)
340 (137-435)
44 (25-64)

911 (733-1207)
19.8 (13.1-26.1)
3.9 (2.8-4.7)

966 (779-1168)
14.7 (11.2-18.6)
3.5 (1.8-3.5)

761 (558-1031)
19.4 (16.8-24.3)
3.8 (2.8-4.7)

674 (504-871)
22.0 (16.8-28.0)
3.5 (1.9-4.7)

660 (535-909)
19.6 (13.0-26.1)
2.9 (1.8-3.7)

533 (420-649)
22.1 (14.9-31.7)
3.6 (2.8-4.7)

420 (290-550)
27.7 (20.5-37.3)
3.2 (1.9-4.7)

447 (229-611)
27.1 (20.5-37.3)
3.1 (1.9-4.6)

370 (267-527)
26.0 (20.5-31.7)
3.1 (1.9-4.7)

12 (9-15)
234 (96-384)

13 (8-16)
228 (72-456)

9 (4-15)
194 (72-384)
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a a

b b

FIGURE 1 - Quercus pontica wood. a-b Cross section, ring porous, latewood vessels arranged
radially, thyloses in vessel elements. Magnification of A. Scale bars are 200 µm in both panels.
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a

b

c

d

FIGURE 2 - Quercus pontica wood. a. Tangential section. Rays, uniseriate and multiseriate, homocellular homogen type I,
fibers and axial parenchyma strands. b, c, d: Radial section. Vasisentric tracheids indicated by arrow in b. Pits between vessel
and ray cells are shown in c. Simple and scalariform perforation plates are shown in d. Scale bars are 100 µm in a and 50 µm in b.
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a

b

FIGURE 3 - Quercus pontica wood. a: Tangential section. Rays, uniseriate and multiseriate type I (according to [29]), axial parenchyma
strands. b: Radial section. Intervessel pits (bordered pits) scalariform to alternate in vessel walls. Scale bars are 100 µm in a and 30 µm in b.

TABLE 2 - Physical and chemical properties of the soil at the study sites.
Altitude
Soil
Sand
Silt
Clay
FC
WP
(m)
sample*
(%)
(%)
(%)
(%)
(%)
1280
1
75.21
11.03
13.76
39.27
23.53
KATO 13098
1300
2
71.00
15.15
13.85
47.62
21.52
Rize-Findikli
1350
3
72.50
11.06
16.44
42.75
26.01
1400
4
70.56
14.36
15.08
36.70
19.47
1650
1
69.48
15.36
15.16
33.74
19.10
KATO 13096
1700
2
80.05
12.09
7.86
31.99
19.68
Rize-Findikli
1750
3
67.68
20.98
11.34
37.93
26.30
1900
1
82.28
10.77
6.95
19.95
11.12
KATO 13097
1950
2
86.89
6.44
6.67
16.45
8.69
(Rize - Cimil)
2000
3
79.12
12.05
8.83
16.20
9.24
2050
4
76.49
13.61
9.90
22.26
14.45
* Average for each soil profile at each altitude.
FC: Field capacity, WP: Wilting point, AWC: Available water capacity, SOM: Soil organic matter
Site
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AWC
(%)
15.74
26.10
16.74
17.23
14.64
12.31
11.63
8.83
7.77
6.96
7.81

pH
(in H2O)
5.2
5.5
5.4
5.0
4.9
5.0
5.1
5.2
5.5
5.5
5.3

SOM
(%)
4.44
1.84
7.15
7.81
5.62
4.75
2.23
8.07
3.00
2.29
4.04
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TABLE 3 - Correlation coefficients between environmental characteristics and wood anatomy.
Morphological
feature‡

Environmental characteristics†

ALT (m)
AWC (%)
pH
OM (%)
Sand (%)
Silt (%)
Clay (%)
VEETD
-0.73**
0.56**
-0.51**
0.57*
-0.36*
0.32*
0.37*
VERTD
-0.92**
0.69**
-0.36*
0.41*
-0.34
0.24
0.41*
VELTD
-0.96**
0.73**
-0.27
0.12
-0.31*
0.19
0.41*
VELRD
-0.89**
0.67**
-0.39**
0.44*
-0.35*
0.25
0.41*
VEL
-0.83**
0.63**
-0.45**
0.50*
-0.36*
0.28
0.39**
VN
0.98**
-0.74**
0.234
-0.12
0.29
0.16
-0.41**
LFL
-0.67**
0.52**
-0.53**
0.05
-0.36*
0.33*
0.35*
LFWT
-0.36*
0.24
0.46**
-0.51
0.19
-0.30*
0.03
TFL
-0.87**
0.66**
-0.410**
0.09
-0.35*
0.26
0.40*
URH
-0.68**
0.53**
-0.52**
0.44*
-0.36*
0.32*
0.35*
URN
-0.89**
0.68**
-0.38**
0.59*
-0.35*
0.25
0.41**
* p < 0.05.
** p < 0.01.
† ALT: altitude, AWC: available water capacity, OM: organic matter.
‡ VEETD: tangential diameter of vessel elements in earlywood, VERTD: radial diameter of vessel elements in earlywood, VELTD: tangential
diameter of vessel elements in latewood, VELRD: radial diameter of vessel elements in latewood, VEL: vessel element length, VN: vessel number in per mm2, LFL: libriform fiber length, LFWT: Libriform fiber wall thickness, TFL: tracheid fiber length, URH: height of uniseriate rays,
URN: number of uniseriate rays.

Soil water is vital in the ecological functioning of soils
because the presence of water is essential for the survival
and growth of plants [34]. There is no linear correlation
between AWC and soil water content. Soil water depends
on various soil characteristics such as soil structure and
texture. Furthermore, the type of clay minerals, soil organic
matter, the soil skeleton, root depth, and root density affect
AWC [23].
Clay percent (Ø < 2 micrometer) was negatively correlated with the number of vessels per mm2. When the
soil clay percent increased, water storage in the soil increased as well. Despite the increased soil water storage,
the water that plants can use remains limited. Thus, an increased soil clay percent might negatively affect AWC.
The correlation between clay and AWC supports the negative correlation between AWC and number of vessels per
mm2.
Clay percent was positively correlated with vessel
element length (r=0.39), radial diameter of vessel elements
in latewood (r=0.41), tangential diameter of vessel elements in latewood (r=0.41), height of uniseriate rays (r=
0.41), and the number of uniseriate rays per mm (r=0.35).
AWC is higher in soils with high clay content [23]. We
found a significant correlation between soil clay content
and AWC (r=0.43). This explains the relationship between clay content and wood anatomy.
Sand percent in soil was positively correlated with the
number of vessels per mm2 (r=0.30). An increased sand
content in fine soil results in decreased water storage and
AWC, because water stored in sand cannot be used by
plants ([26]. We found a negative correlation between
AWC and the number of vessels per mm2. There were also
negative correlations between sand percent and vessel
element length (r=-0.36) and libriform fiber length (r=
-0.36), indicating that increased sand content negatively
affects these traits. Further, sand percent was negatively

correlated with AWC. As a result of the decreased AWC,
vessel element length and libriform fiber length were negatively affected by increased sand content.
We also found significant relationships between soil
organic matter and wood anatomy. The radial diameter of
vessel elements in earlywood (r=0.41), tangential diameter of vessel elements in earlywood (r=0.57), vessel element length (r=0.50), radial diameter of vessel elements
in latewood (r=0.44), height of uniseriate rays (r=0.44),
and number of uniseriate rays per mm (r=0.59) were positively correlated with soil organic matter content. Soil organic matter was negatively correlated with libriform fiber
width (r = -0.58) and fiber libriform wall thickness (r =
-0.51). The width and thickness of fibers can depend on
age, site, altitude, and plant type.
Site characteristics vary with altitude. Soil organic
matter decreases with altitude due to lower temperatures
and decreased activity of microorganisms at higher altitudes. The negative correlation between soil organic matter and wood anatomy was verified by the negative correlation between altitude and wood morphology.
There were significant correlations between Q. pontica
wood morphology and soil pH. Soil pH was negatively
correlated with the height of uniseriate rays (r= -0.39) and
the number of uniseriate rays per mm (r= -0.53). Soil pH
was also positively correlated with altitude (r=0.34). Altitude was negatively correlated with the height of uniseriate rays and the number of uniseriate rays per mm, supporting the positive correlations of soil acidity with these
traits.
CONCLUSIONS
In this study, the relationships between some environmental factors, altitude and physical soil properties and
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anatomical features of wood of Q. pontica C. Koch was
examined. We found that AWC was lower at higher altitudes. AWC was negatively correlated with the number of
vessels per mm2, indicating that the number of vessels in
a given area increases as AWC diminishes. As altitude increases, AWC decreases and thus the number of vessels
increases. The physical soil properties (sand, silt and clay)
affecting the AWC value of soils were found to alter the
microscopic properties of wood. The correlation between
clay and AWC supports the negative correlation between
AWC and number of vessels per mm2. We found a significant correlation between soil clay content and AWC. Clay
percent was positively correlated with vessel element
length.
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ABSTRACT
In this study, when Te (IV) and Te (VI) solutions were
prepared by deionized water, unexpected differences in the
flame AAS sensitivity for Te were found, depending on the
oxidation state. Te (IV) gave a significantly greater absorbance than the same concentration of Te (VI) in the airacetylene flame. However, when these solutions were prepared in 1.0 % (v/v) HNO3, they had equal sensitivity for
flame AAS. This behavior allows one to determine total
Te without any error.

It is generally necessary to determine the concentration of
the various oxidation states of tellurium since the behavior of the element depends on the chemical form and oxidation state rather than its concentration. The aim of the
study is speciation of Te in the sample using sensitivity
differences in the FAAS depending on the oxidation state.
The second purpose of this study is to investigate the effect
of acidic media on absorbance sensitivities of Te species.
The last target of the study is to determine total Te in the
sample accurately in acidic and aqueous media.
MATERIALS AND METHOD

KEYWORDS:
Tellurium, flame AAS, speciation, oxidation state, acidic media.

INTRODUCTION
Tellurium is regarded as a rare, non-essential element
and is known to be toxic to humans [1]. It has found many
applications in metallurgical process, glass manufacturing, pharmaceutical processes and also in the rubber and
plastic industry. It is also used in electronics as a semiconductor [2, 3].
Differences in absorbance between the same concentrations of analyte in different oxidation states occur in
flame AAS with some other elements, chromium being a
well-known example [4, 5]. The effect of oxidation state on
the sensitivity of determinations of Te by hydride generation atomic spectrometry is well-known. Te (VI) cannot be
reduced to TeH 2 under the conditions used to generate
TeH2 from Te (IV) [6]. A study reported the effect of Te
oxidation state on the sensitivity of AAS measurements of
Te with electrothermal atomization from a tungsten furnace. Te (IV) gave a higher absorbance than Te (VI), but
when Co2O3 was added as a chemical modifier the absorbance was the same for both oxidation states [7].

Unless stated otherwise all reagents were of analytical
reagent grade. Glassware and plastic containers were cleaned
by soaking in the dilute nitric acid and rinsed with distilled
water prior to use. Tellurite stock solution (896.3 mg/L) was
prepared by dissolving tellurium dioxide, TeO2, (Fischer
Chemicals) in 2 M hydrochloric acid and tellurate stock
solution (844.0 mg/L) was prepared from telluric acid,
H2TeO4.2H2O (AnalaR Grade; BDH, Poole, Dorsot, UK),
by dissolution in deionized water. Further dilutions from
both stock solutions were made with deonized water or
1% (v/v) nitric acid.
An atomic absorption spectrometer, Philips, Pye Unicam PU 9200 was used with air-acetylene flame. It has
50 mm burner slot, deuterium hollow cathode lamp for
background correction. A Photron tellurium hollow cathode lamp with a maximum current of 7 mA was used; at
wavelength of 214.3 nm spectral bandpass was 0.5 nm.
Air was supplied through a Pye-Unicam 9003 air compressor. The acetylene flow for flame AAS technique was
1.1 L/min.
The optimized conditions were made for batch type
Hydride Generation Atomic Absorption Spectrometry
(HGAAS) as suggested by Dedina [3, 8]. Te (VI) and
Te (IV) solutions were by dilution with 2 mol/L HNO3 and
2 mol/L HCl. A 1% (w/v) NaBH4 solution as a reductant
was used with argon flow rate of 1 L/min.
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RESULTS AND DISCUSSION
Sensitivities of Te species by dilution with deionized water

Willis et al. [9] have stated that the flame AAS sensitivity depends on oxidation state of tellurium [Te (IV) and
Te VI)]. Te (IV) gave a significantly greater absorbance (by
a factor of about 1.66) as compared to Te (VI) using flame
AAS when prepared deionized water. In this study, when
the Te (IV) and Te (VI) solutions were prepared by dilution with deionized water using the same concentrations,
it was observed that Te (IV) have higher sensitivity than
Te (VI) have, supporting results by Willis et al (Figures 1
and 2)

acidity the sensitivity of both species decreased because
high acidity prevents the nebulizing the Te atoms to the
flame. Throughout this experiment both Te (IV) and Te (VI)
solutions were prepared by dilution with 1% (v/v) HNO3.
When the calibration curves were plotted for both Te solutions diluted with 1% (v/v) HNO3, calculated detection
limits were 0.38 mg/L for Te (VI) and 0.45 mg/L for Te
(IV). Figure 3 contains the calibration plots of Te species
with 1% (v/v) HNO 3 dilution in an air-acetylene flame.
Both calibration graphs showed very good linearity with
correlation coefficients of 0.9993 and 0.9991 for Te (IV)
and Te (VI) respectively
TABLE 1 - Effect of several types of acids
to the signal of Te (VI) and Te (IV) species.
Dilution Medium

Absorbance of
Stock Te (VI) Solution by FAAS
0.164 ± 0.002
0.225 ± 0.001
0.224 ± 0.004
0.226 ± 0.002
0.226 ± 0.005

Deionized Water
(1 % v/v) HNO3
(1 % v/v) HCl
(1 % v/v) H2SO4
(1 % v/v) HClO4

Absorbance of
Stock Te (IV)
Solution by FAAS
0.224 ± 0.004
0.225 ± 0.003
0.225 ± 0.005
0.225 ± 0.004
0.222 ± 0.004

0.25
0.20

Absorbance

FIGURE 1 - Calibration curve for Te (IV) (♦) and
Te (VI) (□) in an optimized air-acetylene flame [9].
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FIGURE 3 - Calibration curve for Te (VI) (●) and Te (VI) (■) by
dilution with 1% (v/v) HNO3 in an optimized air-acetylene flame.
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0
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In this part, first of all 1.69, 3.38, 4.22, 5.06, 6.75,
8.44 mg/L Te (VI) solutions were prepared by dilution
with 1% (v/v) HNO3 and analyzed at FAAS. Then, 1.79,
3.58, 4.48, 5.38, 7.17, 8.96 mg/L Te (IV) solutions were
prepared by dilution with 1% (v/v) HNO3 and analyzed at
FAAS (Table 2).

Concentration (mg/L)
FIGURE 2 - Calibration curve for Te (VI) (●) and Te (IV) (■)
diluted with deionized water in an optimized air-acetylene flame.
Acidity effect for sensitivities of tellurium species

In this part of the study, Te solutions were prepared in
different kinds of acid. It is observed that when Te solutions were prepared with deionized water, sensitivity of
Te (IV) was greater than that of Te (VI) in deionized water.
In addition of these, if the Te solutions were prepared in
acidic medium, sensitivity of Te (VI) would be equal to
sensitivity of Te (IV) (Table 1).
It was seen that even very small concentration of acid
(HNO 3 or HCl) is enough for increasing sensitivity of
Te (VI) species to the same level as Te (IV). In very high
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TABLE 2 - Analysis of various concentrations
of Te (VI) and Te (IV) solutions at FAAS.
Concentration.
of Te (IV) in 1
% (v/v) HNO3
1.79 mg/L
3.58 mg/L
4.48 mg/L
5.38 mg/L
7.17 mg/L
8.96 mg/L

Absorbance
0.047 ± 0.002
0.084 ± 0.004
0.106 ± 0.003
0.125 ± 0.006
0.170 ± 0.003
0.205 ± 0.004

Concentration.
of Te (IV) in 1
% (v/v) HNO3
1.69 mg/L
3.38 mg/L
4.22 mg/L
5.06 mg/L
6.75 mg/L
8.44 mg/L

Absorbance
0.048 ± 0.002
0.088 ± 0.002
0.108 ± 0.004
0.128 ± 0.003
0.175 ± 0.004
0.206 ± 0.002
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Last of all, in various ratios of Te (VI) + Te (IV) mixtures were prepared by dilution with 1% (v/v) HNO3 and
analyzed at FAAS (Table 3).
The results showed us that although there is no possibility to make speciation for Te element in the same matrix,
the accurate determination in the sample, which contains
whatever Te species in acidic medium, could be done.
TABLE 3 - The mixture of Te (VI)
and Te (IV) solutions in 1 % (v/v) HNO3.
% Te (IV) + % Te (VI)
100.0 + 0.0
81.0 + 19.0
61.4 + 38.6
51.5 + 48.5
41.4 + 58.6
21.0 + 79.0
0.0 + 100.0

Absorbance (1 mg/L Te)
0.0231 ± 0.0004
0.0234 ± 0.0004
0.0237 ± 0.0003
0.0235 ± 0.0004
0.0238 ± 0.0003
0.0241 ± 0.0005
0.0241 ± 0.0004

The proof experiment about Te species

When it was observed that the sensitivities for Te (VI)
and Te (IV) species were equal in the acidic media, it was
questioned whether any oxidation or reduction takes place
in presence of HNO3 and HCl respectively. In order to explain any possible change in oxidation state, the following
experiments were performed by using Hydride Generation
Atomic Absorption Spectrometry (HGAAS) technique. In
HGAAS technique, Te (IV) species give response by forming TeH4, tellurium hydride in the acidic medium but Te (VI)
does not. The optimized conditions were made for batch
type HGAAS as suggested by Dedina [6]. 100 ng/mL
Te (VI) and Te (IV) solutions were prepared by dilution
with both 2 mol/L HNO 3 and 2 mol/L HCl. 1 % (w/v)
NaBH 4 solution as a reductant was used. Argon flow rate
was 1 L/min. Results of these experiments are shown at
Table 4.

peak area, so peak height was the parameter chosen as the
analytical response. Under the previously deduced optimum
conditions, different concentrations were sent into the spectrophotometer for the Te determination by flame atomic
absorption spectrometry (FAAS). In aqueous medium, detection limits were 0.82 mg/L for Te (IV) and 0.95 mg/L
for Te (VI)of obtained by using FAAS and the relative
standard deviations obtained by analyzing 15 independent
replicates of a solution were calculated as 0.6 % for
Te(VI) and 0.4% for Te (IV). The equations were found as
y = 0.0178x + 0.0175, with a correlation coefficient of
0.9995 for Te (IV) and y = 0.0094x + 0.0113, with a correlation coefficient of 0.9988 for Te (VI). For acidic medium, when the calibration curves were plotted for both Te
solutions diluted with 1% (v/v) HNO3, calculated detection
limits were 0.38 mg/L for Te (VI) and 0.45 mg/L for
Te (IV). The relative standard deviations were calculated
as 0.5% for Te(VI) and 0.4% for Te(IV). The equations
were found as y = 0.0201x + 0.0047, with a correlation
coefficient of 0.9993 for Te (IV) and y = 0.0209x +
0.0064, with a correlation coefficient of 0.9979 for Te (VI).
The analytical characteristics of the Te species in two different media are given in Table 5.
TABLE 5 - The analytical characteristics of the
Te (IV) and Te (VI) species in two different media.
Aqueous Medium

Te (IV)
Te (IV)
*Sample Volume
6 mL
6 mL
**Conc. of
8.96 mg/L 8.44 mg/L
Reagent
Detection Limit
0.82 mg/L 0.95 mg/L 0.45 mg/L 0.38 mg/L
(3s)
Precision (%RSD)
0.4
0.6
0.4
0.5
***N
15
15
15
15
*Volume of the sample used in the measurement
**Concentration of the reagent measured for the detection limit
calculations.
*** Number of replicates (N)

CONCLUSION

TABLE 4 - Results of HGAAS analysis.
In (2 mol/L)
HNO3
Blank
Te (VI)
Te (IV)

Absorbance
0.014 ± 0.001
0.018 ± 0.003
0.443 ± 0.007

In (2 mol/L)
HCl
Blank
Te (VI)
Te (IV)

Acidic Medium
Dilution with 1%(v/v)
HNO3
Te (IV)
Te (VI)
6 mL
6 mL
8.96 mg/L 8.96 mg/L

Absorbance
0.019 ± 0.004
0.026 ± 0.003
0.390 ± 0.005

From these results it was understood that there is no
oxidation from Te (IV) to Te (VI) when Te (IV) solution
was prepared by dilution with 2 mol/L HNO3 and there is
no reduction from Te (VI) to Te (IV) was prepared by
dilution with 2 mol/L HCl. This study also showed that
Te (VI) stock solution may involve some part of the analyte in the form of precipitated hydroxide H6TeO6. When
Te (VI) was diluted with nitric acid, precipitated hydroxide H6TeO6was dissolved in acidic medium.
Analytical figures of merit

The amount of Te(IV) and Te (VI) could be related to
the area and/or peak height of the signal. The peak height
measurement is simpler and more reproducible than the

When Te (VI) and Te (IV) species are prepared by deionized water they give different absorbances for FAAS.
However, if they are prepared in acidic media, they have
equal sensitivity for FAAS. The reason of sensitivity differences for this technique is the precipitation at micro
level that occurred in the Te (VI) solution when the dilution is made by H2O. From this study it was seen that, the
presence of either acids, HNO3 or HCl, does not affect oxidation states. It must be remembered that Te (IV) stock
solution was prepared by dissolving TeO2 in 1 mol/L HCl;
Te (VI) stock solution was prepared by H2TeO4.2H2O in
H2O. It may be suggested that Te (VI) stock solution may
involve some part of the analyte in the form of precipitated hydroxide H6TeO6. Dissolution with any acid assumes a complete dissolution therefore the sensitivities of
Te (IV) and Te (VI) solutions gave same sensitivity both
in our study. Equilibrating the sensitivities of Te (VI) and
Te (IV) allows an accurate calibration and analysis for total
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Te although there is no possibility to make speciation for
Te element in the same matrix.
Under lightening of this information, Te (VI) and
Te (IV) species can be studied by using slotted silica tube
trap technique [10] to enhance the sensitivity compared to
the conventional flame AAS.

atomic absorption spectrometry and their reatomization at
tube ends studied by means of the determination of longitudinal free atom distribution Spectrochim. Acta Part B 55,
545-557.
[9]

Willis, J.B. and Sturman, B.T. (1999) Observations on the effect of oxidation state on the sensitivity of flame AAS determinations of tellurium. J. Anal. At. Spectrom. 14, 895-896.

[10] Matusiewicz, H. and Krawczyk, M. (2006) On-line hyphenation of hydride generation with in situ trapping flame atomic
absorption spectrometry for arsenic and selenium determination. Anal. Sci. 22, 249-253.

ACKNOWLEDGEMENTS
The authors acknowledge the financial support by the
Middle East Technical University Research Fund through
grants AFP-2000-01-03-01 and AFP-2001-01-03-01. This
study is based on the M.Sc thesis that Huseyin Bekir
Yildiz conducted under the supervision of Prof. Dr. O.
Yavuz Ataman at the Middle East Technical University,
Ankara, Turkey.

REFERENCES
[1]

Khoo, S.B. and Ye, R. (2002) Differential pulse voltammetric
determination of trace Te (IV) at a poly (3,3'-diaminobenzidine) film modified gold electrode in flow systems. Anal.
Chim. Acta 453, 209-220.

[2]

Pedro, J., Stripekis, J., Bonirardi, A. and Tudino, M. (2008)
Determination of tellurium at ultra-race levels in drinking by
online solid phase extraction coupled to graphite furnace
atomic absorption spectrometer. Spectrochim. Acta Part B
63, 86-91.

[3]

Korez, A., Eroglu, A.E., Volkan, M. and Ataman, O.Y.
(2000) Speciation and preconcentration of inirganic tellurium
from waters using a mercaptosilica microcolumn and determination by hydride generation atomic absorption spectrometry. J. Anal. At. Spectrom. 15, 1599-1605.

[4]

Pazos-Capeans, P., Borciela-Alonso M.C., Bermejo-Barrera,
A. and Bermejo-Barrera, P. (2004) Chromium in marine sediment samples from the Ria de Arousa (Galicia, NW of
Spain): analysis of the total content in slurries by ETAAS.
Anal. Chim. Acta, 524, 121-126.

[5]

Hill, S.J., Cheney, S., Dawson, J.B., Hywel, E.E., Fisher, A.,
Price, J.W., Smith, C.M.M., Sutton, K.L. and Tyson, J.F.
(2000) Advances in atomic emission, absorption and fluorescence spectrometry and related techniques. J. Anal. At. Spectrom. 15, 763-805.

[6]

Dedina, J. and Tsalev, D.L. (1995) Hydride generation atomic
spectrometry. John Wiley and Sons, Chichester, New York,
356-365.

[7]

Narukawa, T. (1999) Separation and determination of Te (IV)
and-(VI) by electrothermal atomic absorption spectrometry using a tungsten furnace after collection as the 3-phenyl-5mercapto-1,3,4-thiadiazole-2(3H)-thione-tellurium complex
on cobalt (III) oxide. J. Anal. At. Spectrom. 14, 75-80.

[8]

Matousek, T. and Dedina, J. (2000) Fate of selenium in externally heated quartz tube atomizers for hydride generation

915

Received: January 15, 2008
Revised: April 02, 2008
Accepted: April 02, 2008

CORRESPONDING AUTHOR
Huseyin Bekir Yildiz
Institute of Chemistry
The Hebrew University of Jerusalem
91904 Jerusalem
ISRAEL
Phone: +972 2 658 61 71
Fax: +972 2 652 77 15
E-mail: hbyildiz@cc.huji.ac.il; yildizhb@gmail.com
FEB/ Vol 17/ No 7b/ 2008 – pages 911 – 914

© by PSP Volume 17 – No 7b. 2008

Fresenius Environmental Bulletin

DEGRADATION OF AQUEOUS ACID RED 183 TEXTILE
DYE AND ACID DYE-BATH EFFLUENT BY FENTON-LIKE AND
PHOTO-FENTON-LIKE ADVANCED OXIDATION PROCESSES
Idil Arslan-Alaton* and Gokce Tureli
Istanbul Technical University, Faculty of Civil Engineering, Department of Environmental Engineering, 34469 Maslak, Istanbul, Turkey,

ABSTRACT
The present experimental study aimed at investigating
color and organic carbon (TOC, COD) removal from the
chromium(III)-complex azo dye Acid Red 183 and a simulated acid dye-bath effluent using Fenton-like and PhotoFenton-like processes. In the case of Acid Red 183 dye, the
Fenton-like reagent was capable of 98% color and 56%
TOC removal, after 40 min treatment under optimized
working conditions (pH o 2.8; Fe3+,o 3 mmol L-1; H 2O 2,o
30 mmol L-1 for 100 mg L-1 dye), whereas UV-A assisted
Fenton-like treatment proceeded significantly faster. At
pHo 2.8, Fe3+,o 0.3 mmol L-1 and H2O2,o 30 mmol L-1, 48%
color and 14% TOC removal rates were achieved after
20 min of Photo-Fenton-like oxidation of 100 mg L -1
aqueous Acid Red 183, instead of only 23% color and
6% TOC removals obtained by the dark Fenton-like treatment for the same reaction period. For the simulated acid
dye-bath effluent subjected to Fenton-like treatment at
varying Fe3+ concentrations, 86-97% color removal accompanied with 47% COD abatement were obtained under
the working conditions of pHo 3; Fe3+,o 5 mmol L-1, and
H2O2,o 30 mmol L-1.

KEYWORDS: Acid dye-bath effluent; Acid Red 183; Fenton-like
and Photo-Fenton-like advanced oxidation processes; color, COD
and TOC removals.

INTRODUCTION
Textile industry has become one of the major sources
of severe pollution problems in the world because of the
ever increasing demand for textile products [1]. Among
the textile preparation, dyeing and finishing operations,
the dyeing process constitutes the most water consuming
and chemically intensive process, generating huge quantities of effluent (≈2000 m3 d -1). Dye-house effluent contains high amounts of potentially carcinogenic residuals
of certain dye bath auxiliaries (mainly aryl sulphonatebased formulations) and unfixed dyestuffs at significant

concentrations [2, 3]. Colored wastewater is mainly associated with textile azo dyes. Due to their inherent stability
and recalcitrant nature, they are only poorly degradable and
leave conventional treatment plants without significant
structural alteration, whereas their high polarity and solubility prevents their sorption onto activated sludge. Unfixed textile dyes released into the environment can lead to
negative effects on exposed organisms because of the potential toxicity of their anaerobic degradation products and
reduction in photosynthetic activity. On the other hand, the
presence of unnatural colors is unaesthetic and tends to be
associated with contamination in public perception [4].
Various combinations of biological and physicochemical methods have been employed for the treatment of textile wastewater, but with rather limited success [5-8]. More
recently, advanced oxidation processes (so-called “AOPs”),
such as Fenton (Fe2+/H2O2) and Photo-Fenton (Fe2+/Fe3+H2O2-UV) processes [9], O3/H2O2/UV-C oxidation [10, 11]
and TiO2-mediated heterogeneous photocatalysis [12, 13]
have received major attention for the effective treatment
of dyes and dye-house effluents. In the Fenton’s reaction,
hydroxyl radicals (•OH) are generated by the catalytic decomposition of hydrogen peroxide in acidic media, and
react quickly and non-selectively with most organic compounds. Photo-Fenton oxidation is the photo-chemically enhanced version of Fenton processes. In Photo-Fenton systems, UV radiation is added to Fenton’s reagent, which
causes an increase in the efficiency of •OH formation at
reduced iron catalyst doses [4, 14, 15]. As compared with
the Fenton process, the Fenton-like (Fe3+/H2O2) process was
investigated in relatively few studies, although its efficiency
is thought to be practically identical to that of the Fenton
process, due to the fact that the rate-limiting step of Febased advanced oxidation processes is the relatively slow
catalytic reaction between ferric ions and hydrogen peroxide [15].
Fenton-like and Photo-Fenton type AOPs work under
acidic conditions (pH 2-5), being close to the application
pHs of acid dyes onto polyamide fibers (pH 3-5). Thus,
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acid dyes and acid dye-bath effluents are ideal candidates
for Fenton-type oxidative treatment. Until now, several
biological [16, 17], physical [18-20] and chemical oxidative [21-23] treatability studies have been conducted with
aqueous acid dye solutions including Acid Red 183, e.g.
the dye under investigation. However, fewer studies related to the treatment of real or simulated exhausted acid
dye-baths are available in scientific literature [24-26].
Considering these facts, the degradation of a commercial textile acid dye, namely the Cr(III)-complex mono
azo dye Acid Red 183, by Fenton-like and Photo-Fentonlike processes was investigated in the first part of this
study. The effect of critical process variables (initial reaction pH and Fe3+ concentration) on Fenton-like oxidation
efficiency was assessed in terms of color and organic carbon (TOC) removal efficiencies. In the second part of the
study, simulated acid dye-bath effluent (bearing various
acid dye formulations + dye auxiliaries) representing real
wastewater from the polyamide dyeing process, was prepared according to the most frequently applied dyeing
recipes, and subjected to Fenton-like oxidation. In this case,
treatment efficiency was assessed in terms of color and
chemical oxygen demand (COD) abatement rates. It should
also be noted herein that the main organic carbon load of
the acid dye-bath effluent (total COD ≈ 2700 mg L -1)
originates from the dye auxiliaries rather than the acid dye
mixture (COD of the dye mixture ≈ 80 mg L-1), a fact that
has not yet been seriously considered in former, related
studies.
MATERIALS AND METHODS
Chemicals and Reagents

friendly constituents, are important when selecting an appropriate dye-bath for simulation. Based on these requirements, simulated acid dye-bath effluent was prepared according to the most frequently employed dyeing recipes.
Proper amounts of acid dyes and their corresponding assisting chemicals were dissolved in hot (60-70 oC) distilled
water. All dyes and auxiliary chemicals were kindly supplied by a local dye-house and used as received. Simulated dye-bath effluent composition is given in Table 1.
The effluent characteristics were as follows: COD 2700 mg
L-1, pH 3.56, color 0.856 cm-1 (at 436 nm); 0.585 cm-1 (at
525 nm); 0.274 (at 620 nm).

FIGURE 1 - Molecular structure of Acid Red 183.
TABLE 1 - Synthetic acid dye-bath effluent composition
Acid Dyebath Components
Concentration (mg L-1)
Telon Yellow AR01*
30
Acid Red 336
30
Acid Blue 264
30
Ruco Acid (Acid donor)
500
Laugal TP (Equalizer)
1500
*
Color index number is not provided and strictly confidential to the end
user.

Acid Red 183

Acid Red 183 was selected as the model dye pollutant
due to its well-known molecular structure and other physicochemical features (its Cr content, relatively low molecular weight, etc.). Acid Red 183 was purchased from
Sigma Aldrich and used as received. Dye has a molecular formula of C16H11ClCrN4Na2O8S2 · nCr(III) with the
following physicochemical properties: molecular weight
584.84 g mol-1, C. I. Number 18800, λmax (nm) 497, TOC
13 mg L -1 , COD 50 mg L -1 , and absorbance at λ max
1.00 cm-1. Its molecular structure is depicted in Figure 1.
Stock dye solution was obtained by dissolving 2-3 g solid
dye in 1 L distilled water. Aqueous acid dye solutions were
prepared by diluting the stock solution for the individual
experiments. The initial concentration of Acid Red 183
was 100 mg L-1 in all experiments, being a typical concentration of acid dyes in real textile wastewater [27].

Reagents

35% w/v (11.42 mol L-1) hydrogen peroxide (H2O2),
purchased from Fluka, was stored in a cool room and used
as received without any dilution. The iron catalyst source
was prepared for daily use by dissolving ferric nitrate nona
hydrate (Fe(NO3)3.9H2O), purchased from Fluka, in distilled water to obtain a 10% (w/v) stock solution. Residual
(unreacted) H2O2 was determined using Peroxide Quant
test strips (Aldrich) and Catalase enzyme (from Micrococcus lyseidicticus; 1 activity unit (AU) destroys 1 µmol H2O2
at pH 7 RTP, 100181 AU ml-1, Fluka) was employed in
order to destroy remaining H2O2. Nitric acid and sodium
hydroxide solutions of several different molarities were
prepared from concentrated, reagent-grade HNO3 (Merck)
and NaOH (Merck) solutions by dissolving them in distilled water.

Acid Dye-bath Effluent

Fenton-like and Photo-Fenton-like Treatment

The Fenton-like process was employed to treat simulated exhausted acid dye-bath effluent. Criteria, such as the
frequency of application worldwide (abundance and availability) as well as the simple and relatively ecologically

Fenton-like Treatment

Fenton-like oxidation of 500 ml aqueous Acid Red 183
was carried out in a 600-ml Pyrex reaction vessel as follows: at first, acid dye solution was prepared daily from
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the stock solution mentioned above and its pH was adjusted prior to reaction. Then, ferric iron catalyst was added to
the vessel and continuously stirred at a rate of 200 rpm
and a sample t=0 was taken. Then, dye degradation was
started by adding the H2O2, and samples were taken at
regular time intervals during the reaction for up to 40 min.
Approximately 25 ml of sample was collected at each
time, and nearly 5 ml was spent for absorbance measurements. The color (absorbance at the peak absorption band
for Acid Red 183, e.g. 497 nm) of the sample was measured immediately, whereas the remaining portion was collected in a polyethylene bottle for TOC measurement. For
that purpose, the Fenton-like reaction was ceased by increasing the sample pH to 6-8. In order to elevate the pH
immediately after sampling, 0.5-1 ml of a 6 mol L-1 NaOH
solution was dropped into all sample bottles previously.
Fenton-like treatment of the simulated acid dye-bath
effluent was carried out with 100 ml reaction solution in
continuously mixed Pyrex vessels. The reaction was initiated right after pH adjustment (≈2.9) upon the prompt
addition of Fe3+ and H2O2. After 40 min of treatment, the
reaction was stopped by adjusting the pH to the range 6-8,
and samples were collected for color and COD analyses.
The experiments were repeated at varying ferric iron doses
under otherwise identical working conditions. All Fentonlike experiments were run at constant room temperature
(20 + 2 oC).
Photo-Fenton-like Treatment

Photo-Fenton-like oxidation of aqueous Acid Red 183
was carried out using cylindrical Pyrex glass reaction vessels containing 100 ml acid dye solution. Irradiation was
performed with a 150-W black light bulb UV-A lamp, having an incident light flux of 2.6 x 10-5 Einstein min-1 and
emitting radiation between 310-390 nm with a maximum
emission band at 360 nm. The photoreactor was located
inside a box (60 ×40 ×55 cm), with its three inner sides
covered by mirrors so that the irradiation flux could be
well distributed across the reaction vessel. UV-A lightassisted Fenton-like experiments were conducted at constant room temperature (20±2 oC). Ferric ions were added
to the pH-adjusted dye solution and a sample t=0 was taken
under continuous stirring of the vessel at 100 rpm. Then
reaction solution was located beneath the lamp which was
turned on 20 min before the start of the reaction to obtain
constant light emission, and dye degradation was initiated by the addition of a proper amount of H2O2. Samples
were taken regularly during the course of the photochemical experiments for up to 60 min. In order to avoid changes
in irradiated volume, the reaction was restarted after each
sampling period. Absorbance measurements were done
immediately after the samples were taken, and TOCs were
determined after application of the procedure mentioned in
the Fenton-like experiments.
Analytical Procedures

All measurements were done at least in duplicate. Color
and TOC parameters were measured to follow treatment

efficiency, since the COD content of the aqueous dye solution was too low (<50 mg L-1) to be followed correctly.
Color was measured in untreated and treated samples in
terms of absorbance units at 497 nm, using a Novespec
II/Pharmacia LKB colorimeter and 1-cm optical path length
reusable glass cells without any pretreatment (i.e. pHadjustment, filtration) due to the fact that color abatement
proceeded very rapidly. On the other hand, the sample pH
was adjusted to between 6-8, prior to TOC analysis, to ensure good Fe(OH)3 settling. Settled Fe(OH)3 sludge was
removed by filtering the samples through 45 µm-membrane
filters (provided by Millipore). The TOC of the sample
filtrates was measured on a Shimadzu TC (total carbon)
5000A carbon analyzer equipped with an auto sampler.
The Fenton-like treatment efficiency of the acid dyebath effluent was assessed in terms of color and COD removal. COD analysis was preferred to TOC, since the organic carbon content of the sample was high enough. Color
of the untreated and treated acid dye-bath samples was
measured again on the Novespec II/Pharmacia LKB colorimeter at 436 nm, 525 nm and 620 nm, corresponding to
the colors yellow, red and blue, respectively. These three
wavelengths were selected for the evaluation of decoloration efficiency considering German discharge standards [28],
since there are currently no color consents in the Turkish
environmental legislations. Prior to COD measurement, iron
was removed from the sample by Fe(OH)3 precipitation
obtained via pH adjustment (6-8) and filtration through 45
µm- membrane (Millipore) filters. Thereafter, COD analysis
was carried out according to ISO 6060 [29] by the closed
reflux titrimetric method. In order to determine the pH at
any stage of the experiments, a Thermo Orion model 520
pH-meter was employed.

RESULTS AND DISCUSSION
Experiments with Acid Red 183

Several control experiments were run with 100 mg L-1
aqueous Acid Red 183 solution using H2O2 (30 mmol L-1)
only, UV-A only, and Fe3+ (0.3 mmol L-1) combined with
UV-A (in the absence of H2O2) to observe the effect of
oxidant, UV-A and UV-A-induced Fe3+ photoreduction on
the extend of dye degradation. Results indicated that no
color and TOC reduction was observed in the experiments
conducted with H2O2 and UV-A alone. In case of Fe3+ +
UV-A, very slight color reduction not exceeding 2% was
obtained after 40 min treatment with negligible TOC removal. Thus, by these control experiments, it was proven
that dye degradation particularly proceeded via •OH thatwas mainly produced directly via Fenton-like initiated,
free radical reactions.
Effect of Initial Fe

3+

Concentration

The reaction between Fe2+ with H2O2 is called Fenton's reaction, and generates •OH under acidic conditions
as demonstrated by the following equation [30-32]:
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Fe2+ + H2O2 → Fe3+ + •OH + OHk1 = 63 L mol-1 s-1

(1)

Likewise, an externally added and/or in-situ formed
transition metal ion such as Fe3+ is reduced by excessive
H2O2 through a reaction which is generally known as the
Fenton-like process (reaction 2). Fe2+ regeneration by the
Fenton-like process gives rise to a free radical-mediated,
catalytic oxidation mechanism [4, 15, 33, 34]:
Fe3+ + H2O2 ↔ Fe(OOH)2+ + H+
K1 = 3.1 x 10-3
2+

Fe(OOH) → HO2 • + Fe
k2 = 2.7 x 10-3 s-1

(2)

2+

(3)

Fe2+ + HO2 • + H+ → Fe3+ + H2O2
k3 = 3 x 106 L mol-1 s-1

(4)

Fe3+ + HO2 • → Fe2+ + O2 + H+
k4 < 2 x 103 L mol-1 s-1

(5)

Due to the fact that reaction (1) proceeds at a considerably higher rate than reaction (2), it is believed that the
main pollutant degradation initiated by the Fenton’s reagent is a Fenton-like catalyzed degradation process. As
mentioned previously, Fenton’s reagent is actually a Fenton-like process provided that an excessive amount of H2O2
is present in the reaction medium [34, 35].
A set of Fenton-like experiments was performed
with varying Fe 3+ concentrations ranging between 0.13.0 mmol L -1, a fixed initial dye and H2O2 concentration,
and an initial pH of 2.8, e.g. the optimum pH of Fentonlike processes [35]. The applied initial H2O2 concentration
was chosen based on our previous experimental findings
and preliminary optimization experiments [24]. It was selected as 30 mmol L-1, an amount that is by far sufficient
for the oxidation of the selected dye concentration, but still
not too high as to avoid free radical scavenging reactions
of H2O2 [32]. Likewise, it has also been reported that Fe3+
addition in the range of 1.5-3.0 mmol L-1 significantly
accelerates the (dark) Fenton-like process [21, 24]. Due to
the fact that the recommended Fe3+:H 2O 2 molar ratio is
around 1:10 [36, 37], 30 mmol L-1 H2O2 was selected as the
most appropriate concentration for the experimental series.
Results are displayed in Figure 2, in terms of color (a)
and TOC (b) abatement rates, respectively. It may be observed that color removal increased by increasing the initial
Fe 3+ concentration, as expected. 98% color removal
was achieved at the highest examined Fe3+ concentration
(3.0 mmol L-1) with a sharp decrease in absorbance parameter within the first min of reaction. On the other hand,
color abatement exhibited a retardation period at the lower
studied Fe3+ levels. Obviously, curves representing color
removal with respect to treatment time at varying Fe3+ concentrations as shown in Fig. 2(a) did not fit to any reaction kinetic.
Percent color and TOC removal efficiencies obtained
at different Fe3+ concentrations after 20 min Fenton-like

treatment are presented in Fig. 2(c). Fig. 2(a) reveals that
color removal efficiency was relatively low at Fe3+ concentrations below 0.3 mmol L-1. A significant increase in color
removal efficiency was observed when the Fe3+ concentration was raised to 0.4 mmol L -1, and 97% removal was
achieved after 20 min treatment when the Fe3+ concentration
exceeded 0.8 mmol L-1. As can be clearly seen in Fig. 2(c),
the increase in decolorization efficiency practically stopped
after a concentration of 0.8 mmol L-1 Fe3+, indicating that
this particular Fe3+ level can be accepted as the optimum
concentration for decoloration under the specified experimental conditions.
From Fig. 2(b), it is evident that at least 3 mmol L-1
Fe was required to obtain a significant reduction in the
dye’s TOC content (56% TOC removal after 40 min treatment). As can be seen in Fig. 2(c), TOC removal efficiency
was always less than 30% when Fe 3+ concentration was
below 1.0 mmol L-1, and increased to 31 and 53% for 1.5
and 3.0 mmol L-1 Fe3+, respectively. Naturally, TOC removal is not as distinct as color removal, since complete
mineralization of dye molecules is rather limited and the
TOC parameter only elucidates the “ultimate oxidation”
step of the reaction. It is expected that the dye molecules
mostly decomposed to intermediate oxidation products
(aromatics with different functional groupings, carboxylic
acids, etc.) during Fenton-like oxidation. From Fig. 2(b),
it can be observed that TOC values diminished faster within
the first min of the reaction that is attributable to H2O2 depletion [38], completion of the fast decoloration reaction,
as well as the accumulation of advanced oxidation intermediates that react with the free radicals at relatively
slower rates than the dye molecules.
3+

The initial rate of decomposition of H2O2 and the rate
of oxidation of organic solutes are slower using Fe3+/
H2O2 than Fe2+/ H2O2, due to the lower reactivity of Fe3+
toward H2O2. HO2•, which is more selective and slow in
organic matter oxidation, was generated in the first stage
of the Fenton-like process, instead of •OH. However,
extent and the overall rate of degradation achieved are the
same for both. TOC removal with Fenton oxidation of
100 mg L-1 Acid Red 183 at 4:40 (in mmol L-1) molar
concentration of Fe2+:H2O2 was reported to be 50% after
30 min treatment [21], while 56% reduction was obtained
via Fenton-like oxidation using 3:30 (in mmol L-1) molar
ratio of Fe3+:H2O2, in the same time period.
Effect of Initial pH

Fenton-like oxidation rate is a strong function of solvent (water) pH, being favored by acidic pH conditions
(2-5) with a distinct optimum range of pH 2.8-3.0 [35]. In
the present investigation, the effect of initial pH on the
degradation of aqueous Acid Red 183 by the Fenton-like
process was also investigated. Experiments were carried
out at varying initial pHs 2-7 (other experimental conditions: Fe3+,o 0.8 mmol L-1, H2O2,o 30 mmol L-1), and the obtained results were depicted in terms of color and TOC
abatement rates.
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FIGURE 2 - Color (a) and TOC (b) removals, percent color and TOC removal efficiencies (c) obtained for 100 mg L-1
aqueous Acid Red 183 at different Fe3+ concentrations (Experimental conditions: H 2 O 2 ,o =30 mmol L -1 ; pH o =2.8).
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As expected, highest color removal was observed
around pHo 2.8, at which the Fenton-like treatment has
proven to be highly efficient (see Fig. 3(a)). On the other
hand, there existed a noticeable color reduction still at the
initial pHs of 5, 6 and 7, that are known to be inappropriate for the Fenton reaction. Likewise, color abatement rates
were relatively slow at pHo 2.5, still being close to the optimum Fenton pH.
Both of the quite unexpected results can be explained
by the step-wise, pH-dependent hydrolysis reactions of Fe3+
taking place right after the addition of Fe3+ to the aqueous
reaction medium [34]. Following equations are related to
the behavior of Fe3+ in pure water [39]:
Fe3+ + H2O ↔ FeOH2+ + H+
K2 = 6.9 x10-3

(6)

Fe3+ + 2 H2O ↔ Fe(OH)2+ + 2 H+
K3 = 1.8 x 10-7
3+

-

Fe + 4 H2O ↔ Fe(OH)4 + 4 H
K4 = 10-23

(7)

+

2 Fe3+ + 2 H2O ↔ Fe2(OH)24+ + 2 H+
K5 = 1.4 x 10-3

(8)
(9)

From equations (6) to (9), it can be inferred that Fe3+
hydrolysis causes H+ ion release leading to Fenton-like
reactions occurring at lower pHs than the initially adjusted
pH, as mentioned above. Since pH is a logarithmic measure
of hydrogen ion concentration, the same amount of hydrogen ion release results in larger decreases at higher pHs.
Hydrolysis reactions also indicate the prompt formation of
different ferric hydroxo species playing an important role
in dark and photochemically assisted Fenton-like processes when the pH exceeds 2. In other words, ferric
hydroxo-complexes display a ligand-to-metal chargetransfer (LMCT) absorption band that is thought to be
responsible for the performance of Fenton-like, and especially Photo-Fenton-like, reactions [34].
From Fig. 3(b), it is obvious that TOC removal showed
a parallel trend with color abatement, exhibiting the same
highest and lowest removal efficiencies at pHo 2.8 and
pHo 2, respectively. As expected, TOC removal efficiencies were low compared to color removal, and closer to
each other. Percent color and TOC removal efficiencies
obtained after 20 min Fenton-like treatment at different
initial pHs are shown in Fig. 3(c). TOC removal was found
to be 20% at the initial pHs 2, 6 and 7, and achieved its
maximum (29%) in the pH range 2.8-4.5, where the pH
immediately dropped to the values 2.6-3.1 after Fe3+ addition to the aqueous dye solution, indicating that, in this
particular pH range, Acid Red 183 oxidation via Fentonlike process exhibited a maximum performance. It is also
important to note here that the pH range 3-5 is also the
recommended application pH for nylon dyeing with acid
dye formulations.

Effect of UV-A Light

The photo-chemically enhanced version of Fenton and
Fenton-like processes is well-known as Photo-Fenton oxidation as given below [34, 35, 40]:
Fe(III)OH2+ + hυ → Fe2+ + •OH
k5 = 0.0012 s-1

(10)

The above given reaction results in the continuous
support of Fe2+ iron for the direct (dark) Fenton reaction
shown in eq.(1), thus enhancing the Fe2+/3+ cycle and
providing additional •OH (provided that H2O2 is being
present at sufficient amounts). •OH and Fe2+ are produced
via photo-reduction of Fe3+ to Fe2+ (eq.6) with the highest
quantum yield of 0.14 mol Fe2+/mol photon observed at
313 nm [34]. Reaction (10) is a strong function of the irradiation wavelength (e.g. the emission band of the light
source) and pH decreasing dramatically with increasing pH
and wavelength [15, 41-45].
Considering that the maximum emission band of our
light source was 360 nm, a quantum yield of approximately 0.017 mol Fe2+/mol photon is theoretically expected for
Fe2+ formation via photochemical reduction of Fe3+ [34].
In order to observe the enhancement brought about by
UV-A light irradiation, an initial Fe3+ concentration of
only 0.3 mmol L-1 was applied, at which the dark Fentonlike treatment would provide a rather low color and TOC
removal efficiency. Dye degradation with PhotoFenton-like treatment is illustrated in Figs. 4(a)-(b), together with the Fenton-like experiment (for experimental
conditions see Fig. 4). Color removal reached 48% after
20 min advanced oxidation in the presence of UV-A light,
whereas the dark Fenton-like treatment resulted in only
about 23% color removal under otherwise same experimental conditions. However, after 40 min treatment time,
the Fenton-like reaction nearly caught the Photo-Fenton-like
process, since the color removal is practically complete
after this time period. Since the rate of dye degradation
was considerably accelerated with the application of UV-A
light, the use of Photo-Fenton-like reagent would be beneficial in cases where reaction time is the rate limiting factor.
UV-A light enhancement of Acid Red 183 degradation
via Fenton-like treatment was also noticeable in terms of
TOC as shown in Fig. 4(b); although TOC removals were
quite low as compared to decolorization efficiencies, it is
evident that 14% instead of 6% TOC reduction was found
for the Photo-Fenton-like process after 20 min reaction.
TOC removal reached 32% after 40 min Photo-Fenton-like
treatment, whereas Fenton-like advanced oxidation could
only provide 12% TOC reduction in the same time period,
at otherwise same reaction conditions.
Experiments with Acid Dye-bath Effluent

In reality, exhausted dye-baths rather than single dye
solutions have to be treated separately after stream segregation, or after combining effluent from the fabric dyeing
process with the other textile preparation, dyeing and finishing effluents. Usually stream segregation to treat target
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pollutants (in the present case, acid dyes and related auxiliary chemicals) at high concentrations, but at low volumes, is preferred for technical and economic reasons.
In this part of the study, we aimed at exploring the
applicability of Fenton-like processes in practice, e.g. to
full acid dye-bath effluent. For that purpose, an acid dyebath effluent was simulated by mixing proper amounts of
acid dyes with associated dye auxiliaries according to typical polyamide (nylon) dyeing procedures. This time, the
effect of initial ferric ion concentration on Fenton-like
oxidation of the acid dye-bath effluent was investigated
by conducting experiments in the range of 0.5-10 mmol L-1
Fe3+ under working conditions being previously optimized
for aqueous Acid Red 183 (pHo≈2.9; H2O2,o 30 mmol L-1).
The synthetic acid dye-bath effluent was only subjected to

a)

dark Fenton-like oxidation, since with its the high organic
carbon content mainly coming from the dye assisting
chemicals employed (total COD of acid donor + equalizer
≈ 2550 mg L-1), the acid dye-bath effluent did not really
fit to UV light-mediated treatment option [34]. Degradation
of the synthetic acid dye-bath effluent is demonstrated in
Figs. 5(a)-(b), in terms of percent color and COD removals,
respectively.
Color removals measured at 436, 525 and 620 nm
implied a rapid increase till the Fe 3+ concentration
reached 2 mmol L-1. Under Fe3+ concentrations between
2-5 mmol L -1, the accelerating effect of iron catalyst on
color abatement began to loose its importance, and nearly
stopped in the range of 5-8 mmol L-1 Fe3+. The color removal efficiencies even started to decrease after 8 mmol L-1
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of Fe3+, due to the inhibitory (free radical-scavenging)
effect of excessive iron concentrations on the advanced
oxidation reaction [15, 46]:
Fe2+ + •OH → Fe3+ + OHk9 = 3 ×108 L mol-1 s-1

(11)

The same trend was also observed for COD removal
efficiencies presented in Fig. 5(b). It can be inferred that
COD removal increased with increasing Fe2+ concentration to 50%, but this improvement in COD removal efficiency slowed down beyond 8 mmol L-1 Fe3+. Again, this
can be explained by the competing reaction of Fe2+ with
dye molecules for •OH (see reaction (11)). Due to the fact
that the COD removal efficiency could not be improved
significantly after 5 mmol L-1 Fe3+, this concentration could

be accepted as optimum for effective color (86%, 91% and
97 % at 436, 525 and 620 nm, respectively) and partial
COD (47%) removals.
Upon comparison of 40th minute color removal efficiencies obtained for the simulated acid dye-bath effluent
with those found for aqueous Acid Red 183, it is obvious
that the required amount of Fe3+ for effective decolorization is much higher (5-8 mmol L-1) in the first case, while
only 0.4 mmol L-1 is sufficient for a single dye solution,
although dye concentrations were close to each other in
both cases (90 and 100 mg L-1 respectively). This is an
expected result, since acid dye-bath effluent has a higher
organic carbon content, being particularly attributable to the
presence of dye auxiliaries (COD contribution of dye auxil-

924

© by PSP Volume 17 – No 7b. 2008

Fresenius Environmental Bulletin

iaries ≈ 97% of total COD) and, hence, requires higher
levels of Fe3+ catalyst relative to H2O2 for its efficient degradation.
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ABSTRACT

INTRODUCTION

There is a volcanic area in Hatay, Turkey with currently
limited agricultural activities; however, its ecological properties make it a plausible choice for protected fruit and
vegetable production. The different soil properties of the
area might be useful for plant growing in the future. In
this study, we determined selected plant nutrients and heavy
metal concentrations of eight soil and rock types from the
region, along with those of ten different species of fruits
and vegetables representing the region’s flora and agricultural activities. We found significant differences in all the
micronutrients and heavy metal concentrations among the
media samples. Overall, the highest concentrations were
recovered from growing media. For example, one medium
had the highest concentrations of Cu, Cd and Zn. Similarly,
the plant samples had significant differences in micronutrients and heavy metal concentrations. Almond leaf samples were in the highest mean groups for Mg, Na, Fe, Al
and Cr, while cucumber had the highest values for Zn and
Ni. The highest Pb levels were recovered from uncultivated
olive. Comparisons of our results to those of others in the
related literature indicated that only two of our results were
above the accepted levels: the almond Fe and holy oak B
concentrations. In conclusion, our samples from the volcanic area in Hatay were not dangerously contaminated with
heavy metals, and utilization of this area for agricultural
purposes poses no apparent threat.

KEYWORDS: Hatay, heavy metal, media, nutrient, soil contamination, soil-less culture.

Protected agriculture is being practised in many parts
of the world on unsuitable soil conditions along with soilless culture [1]. Many types of materials can be used as
plant growth media in these systems. Plant growth media
contaminated by heavy metals can be dangerous for human health. In trace amounts, heavy metals play an important role in human life. Soils or culture media constitute
a critical environment, where rocks, air and water interface.
These environments are subjected to several pollutants
produced by human activities, such as industry, agriculture,
and transportation [2, 3]. Toxic metals can reduce soil fertility, making the heavy metal contents of the soil harmful to
humans and animals in the food chain.
Among numerous volcanoes in Turkey, one is located
in the northwest Hatay province, in the southeast of the
Mediterranean region [4]. It covers approximately 50 km
square and currently is not used for agricultural production. Owing to being located on the Mediterranean coast,
the area has suitable climatic conditions for plant production, especially for protected fruit and vegetable productions [5]. Lack of high quality soil is the major limitation
for intensive agriculture in this area. Soil-less culture techniques could be used for the production of fruits and vegetables in this region. In addition, volcanic material might
be used as a growth medium after its decomposition.
The objectives of the present study were i) to investigate concentrations of selected nutrients and heavy metals
in the soil and rock types of this volcanic region to evaluate the potential for soil-less protected agricultural activities in the near future, and ii) to determine heavy metal
concentrations in selected plants species native of this area.
MATERIALS AND METHODS
The investigation site is a volcanic area of the Hatay
province in southern Turkey. Although there are currently
no significant agricultural practices on the volcanic ex-
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TABLE 1 - Plants and their botanical names, cultivars, ages and sites included in the
micronutrient and heavy metal sampling study in the volcanic region of Hatay, Turkey.
Estimated
Plant
Almond
Bay

Sampling site

Latin name

Cultivar

Age

Latitude

Longitude

Elevation (m)

Amygdalus communis

Wild

30

36º 97' 86''

36º 04' 51''

102

Laurus nobilis

Wild

10

36º 97' 37''

36º 93' 86''

102

Cucumber

Cucumis sativus

'Didim'

1

36º 93' 86''

36º 04' 56''

5

Grapefruit

Citrus paradisi

'Star Ruby'

5

36º 94' 73''

36º 03' 71''

25

Holy oak

Quercus ilex

Wild

10

36º 96' 75''

36º 03' 30''

78

Mandarin

Citrus unshiu

'Okitsu'

6

36º 95' 70''

36º 03' 18''

52

Olive

Olea europaea var. europaea

'Gemlik'

20

36º 97' 37''

36º 04' 50''

115

Olive

Olea europaea var. sylvestris

Wild

15

36º 96' 75''

36º 03' 30''

78

Tomato

Lycopersicon esculentum

'Selin'

1

36º 93' 86''

36º 04' 56''

5

Tomato

Lycopersicon esculentum

'AT03'

1

36º 93' 86''

36º 04' 56''

5

perimental site, the neighbouring area contains active agricultural land where horticultural crops are prevalent, and
the most common fruit crops are citrus species (mandarin,
orange, grapefruit) and olive [7, 8]. Vegetable production
in the surrounding area mainly focused on tomato, cucumber, pepper, and eggplant on open and protected fields [9].
Irrigation water is supplied from a nearby reservoir and
wells. The region has a Mediterranean climate, with mean
annual temperature of 19 ºC and annual rainfall of 950 mm
[6]. During the sunny and warm winters, mean temperatures are 15.2, 11.0, 10.8, 10.1, and 13.5 ºC for November,
December, January, February, and March, respectively [6].
Both soil and plant samples were taken in three replicates in 2006. The plant samples were taken from several
individuals within each species from all directions (east,
south, west, and north) of the plants [1, 10]. Table 1 presents sampled plants, their Latin names, cultivars (if known)
and estimated age of the plants. Eight samples were taken
from the soil, rock, or growth medium (Table 2). The
samples were chosen based on their morphology to present
main types of rocks in the region. These include stone (ST),
lava (LA), and sand (SA) from the volcanic experimental
site, as well as mixtures (M1 - M3) and growth media (GM1
and GM2). ST and LA were decomposed granite and lava
rocks, respectively, while sand was sampled from a creek
in the vicinity. The mixtures were sampled from three sites,
and differed in particle size and colour. GM1 is decomposed
lava rock used as a growth medium in a greenhouse of the
region, while GM2 is a farm yard manure-enriched form
of GM1. All the plant species were grown in media similar to M1-M3, except tomato and cucumber grown in GM2.
Media analyses were conducted by the DTPA (diethylenetriaminepentaacetic acid) method of Lindsay and Norvell (1978) [11]. In summary, the experimental material was
passed through a 2-mm stainless steel screen, from which
a 10-g subsample was processed in 20 ml 0.05 M DTPA
(pH 7.3) for 2 h. After shaking, the solution was filtered

through blue filter paper (Schleicher & Schuell, Dassel,
Germany), and the filtrate was directly analysed by Inductively Coupled Plasma-Optical Emission Spectrometry
(ICP-OES) (Perkin Elmer, Optima 2000 DV, Waltham,
Massachusetts 02451, USA).
All plant samples were placed in polyethylene bags at
the sampling sites and transferred to the laboratory, where
they were immediately washed. Leaves were firstly washed
in tap water with 1% detergent, rinsed with tap water, and
finally washed three times with deionized water. Washed
leaves were dried at 65–70 ºC for 72 h to a constant weight,
and ground on a mill. Plant tissue (0.25 g) was mixed
with 2 ml of H2O, 2 ml H2O2 (30%) and 4 ml HNO3, and
heated in a closed system microwave. The samples were
brought up to 25 ml and filtered through blue filter paper.
The filtrate was analyzed for micronutrients and heavy
metals by leveled ICP-OES.
Data were analyzed using various procedures of SAS
[12]. PROC GLM was used to construct ANOVA tables
for the results of both medium and plant samples. Means
were compared by Fisher’s protected LSD (P <0.05) for
each parameter.
RESULTS AND DISCUSSION
Statistically significant differences in all the micronutrients and heavy metal concentrations were found among
the media samples tested (Table 2). The highest concentration of Cu was recovered from GM2 (29.01 mg/kg),
followed by LA (1.34 mg/kg). Similarly, GM2 had the
highest Zn (50.73 mg/kg) concentrations. Fe and Mn levels
of GM2 were also high (9.6 and 19.2 mg/kg, respectively).
ST had the highest Fe (12.9 mg/kg) concentration. For the
heavy metal concentrations, the various types of media had
the highest values for different metals. For instance, while
GM2 had the highest Cd (0.0305 mg/ kg) concentration,
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TABLE 2 - Micronutrient and heavy metal concentrations (mg / kg) of the
experimental growing material sampled from a volcanic region in Hatay, Turkey.
Micronutrients
Medium

pH

Cu

Fe

Mn

Zn

Al

Ni

Pb

Cd

8.16

0.69c

12.9a

2.1e

0.18c

5.42b

0.008d

0.007g

0.0006f

6.87

1.34b

3.3d

35.7a

0.39c

0.11e

0.207a

0.045e

0.0085b

7.17

0.18e

1.2e

5.5e

0.50c

0.15e

0.050c

0.029f

0.0009f

7.44

0.69c

7.8c

4.0e

2.14b

3.11c

0.009d

0.178b

0.0064c

7.56

0.78c

9.9b

11.5d

1.51bc

3.35c

0.017d

0.139c

0.0050d

7.72

0.69c

9.1bc

18.1c

1.02bc

6.96a

0.016d

0.247a

0.0035e

8.81

0.32d

4.6d

2.7e

0.35c

1.67d

0.016d

0.024g

0.0014f

7.63

29.01a

9.6b

19.2b

50.73a

0.28e

0.115b

0.064d

0.0305a

Mean

4.21

7.3

23.6

7.10

2.63

0.054

0.091

0.0071

LSD0.05*

0.10

1.8

5.2

1.42

1.09

0.017

0.014

0.0010

STD

9.68

3.8

35.2

17.05

2.51

0.068

0.084

0.0095

Tolerance limit values**

5-5.6

100-400

60-780

10-50

2-13.4

<0.1

Stone (ST)
Lava (LA)
Sand (SA)
Mixture 1 (M1)
Mixture 2 (M2)
Mixture 3 (M3)
Growth medium 1 (GM1)
Growth medium 2 (GM2)

Characteristics

Heavy metals

Decomposed
granite
Decomposed
lava rock
Sand
from a creek
Mixture
of lava rocks
Mixture
of lava rocks
Mixture
of lava rocks
Decomposed
rock
GM 1 and
manure mixture

* : Values followed by different letters within each column are significantly different at P ≤ 0.05 , **from Herrick and Friedland [13].

TABLE 3 - Micronutrients and heavy metal concentrations (mg / kg) of the various plants sampled from a volcanic region in Hatay, Turkey.
Micro nutrients

Heavy metals

Source

B

Cu

Fe

Mn

Mo

Zn

Al

Cr

Ni

Pb

Cd

Almond

33.0f

14.4d

260.4a

32f

0.09f

16.6de

224.7a

0.48a

0.67de

0.79b

0.039de

Bay

14.8h

6.1f

133.9c

54e

0.43d

23.9d

103.0c

0.28bcd

0.45e

0.95b

0.031e

Cucumber

92.9b

18.5c

168.2b

453c

1.10c

180.7a

47.5g

0.3abcd

3.84a

0.31c

0.084c

Grapefruit

33.2f

3.7i

87.0ef

32f

0.12ef

10.8e

53.5fg

0.19de

1.67c

0.34c

0.010f

Holy oak

42.2d

4.5h

92.9e

187d

0.07f

18.4de

71.2e

0.25dc

2.86b

0.39c

0.048d

Mandarin

37.5e

3.5i

79.4f

23gh

0.10ef

12.1e

60.1f

0.37abcd

0.64de

0.48c

0.013f

Olive (cultivated)

21.6g

5.1g

165.6b

20h

0.19e

13.9e

122.8b

0.43abc

1.78c

0.77b

0.014f

Olive (wild)

15.2h

7.0e

126.2c

26g

0.14ef

23.7d

90.3d

0.37abcd

1.59c

1.22a

0.032e

Tomato ('Selin')

118.8a

60.4b

129.5c

1190a

1.80a

133.9b

57.8f

0.45ab

3.63a

0.43c

0.872a

Tomato ('AT03')

82.4c

76.4a

114.5d

780b

1.62b

68.0c

28.9h

0.18e

0.71d

0.31c

0.432b

Mean

49.2

20.0

135.8

280

0.57

50.2

86.0

0.33

1.78

0.60

0.157

LSD0.05*

2.7

0.5

10.1

5

0.10

8.6

8.0

0.19

0.22

0.21

0.010

STD

34.8

25.4

51.6

393

0.66

57.9

54.3

0.14

1.22

0.32

0.272

Tolerance limit values**
0.1-1
1-10
6-9
* : Values followed by different letters within each column are significantly different at P ≤ 0.05 , **from Herrick and Friedland [13].

<0.5

M3 was the richest in Al (6.96 mg/kg) and Pb (0.247 mg/
kg). The highest Ni was observed in LA (0.027 mg/kg).
Micronutrient and heavy metal concentrations of our media
samples were found to be significantly variable. GM2 had
much higher means than GM1 for Cu, Mn, Zn, Ni, Pb,
and Cd concentrations (P < 0.05). However, all of our
measurements were below the published tolerance values,

except the Cu concentration of GM2 (29.01 mg/kg) [13],
indicating that the experimental site is not contaminated
by heavy metals above the accepted levels. The marked
differences between GM1 and GM2 were possibly caused
by the micronutrient and heavy metal concentrations in
the manure added to GM2, as these two media differed in
presence of manure, and manure is known to increase heavy
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metal concentrations in media in some cases [14]. The pH
of the media samples tested ranged from 6.87 (LA) to
8.81 (GM1) (Table 2). All of these values are lower than
the recommended pH ranges for substrate culture. Therefore, pH of these media needs to be decreased when utilizing in substrate culture.
Similar to the media samples, the plant samples had
significant differences in micronutrient and heavy metal
levels (Table 3). Almond was the highest in Fe, Al, and
Cr concentrations. Cucumber grown in a greenhouse where
GW2 was used had the highest concentrations of Zn and
Ni. The highest Pb amount was recovered from the uncultivated form of olive. The two tomato samples were in the
highest group of three heavy metals (Cr, Ni, Cd) and four
micronutrients (B, Cu, Mn, Mo). Tomato was grown on
GM2, the manure-enriched form of GM1.
Upon comparing our micronutrient concentrations to
the optimal values in literature [15, 16] we found that, excluding the plant samples grown on GM2 (cucumber and
tomato), the only two higher concentration values were Fe
in almond and B in holy oak. Cucumber samples had higher
B and Zn concentrations, while, at least, one of the tomato
samples had higher concentrations of B, Cu, Mn, Mo and
Zn. None of the heavy metal concentrations determined
here was higher than the published means, thus indicating
that the overall content of heavy metals appeared to be
within limits for safe human consumption of the plants
currently grown in the experimental site.
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ABSTRACT
Open dumping is the most preferred disposal method
in Turkey. The yearly disposed municipal solid waste
was 24.24 million tons and discharged wastewater was
2770 million m3 in 2004 as reported. More than 50 percent
of solid waste is disposed to the open dumps, land, sea
and the rivers. Due to these solid waste and wastewater
management strategies, Turkey has faced serious environmental and administrative challenges in recent years. In the
Eastern Black Sea Coast, about 400 tons solid waste is disposed and 330 000 m3 wastewater is discharged in a day.
In spite of the direct waste disposal and wastewater discharge into the sea, environmental pollution originated from
open dumping sites and uncontrolled wastewater discharges
are regarded to be the major challenges in the future.
In Turkey, solid waste management planning should
be rearranged, legal and institutional reforms should be improved, and monitoring the application of action plans
should be controlled. There is a need to modernize the solid
waste management through the implementation of solid
waste recycling and reuse programs.

Turkey has a unique geographic position at the crossroads between Europe and Asia. The country covers an area
of 779,452 square kilometers. Turkey’s population reached
an estimated 66.3 million in 2001, and its annual growth
rate of 1.7 percent has been one of the highest in the world
for several years [3]. High population growth leads to high
migration rates to the largest cities in the country. The rate
of urbanization was estimated to be about 4.8 percent in
2001. Daily increasing amount of solid wastes and
wastewater related with this urbanization have created vital
environmental problems. Besides, the main problem in
SWM programs is the selection of suitable landfill site [4].
Selection of the appropriate site will minimize potential
environ-mental impacts and provide a sound basis for
effective management.
In this paper, the current solid waste and wastewater
management situation was investigated in Turkey, especially in the Eastern Black Sea Region, a brief discussion
of the future challenges are analyzed, and the environmental, technical, social goals are discussed.

KEYWORDS Eastern Black Sea region, solid waste management, Turkey, wastewater.

INTRODUCTION
In urban areas, especially in rapidly urbanizing cities
of the developing world, problems and issues on municipal solid waste (MSW) and wastewater management are
important [1]. Furthermore, increased amount of wastes
with respect to modern technology and urbanization have
created vital environmental problems considering public
health. Developed and upper-income countries have well
organized their regulatory programs for safety disposal of
solid wastes, but developing and high-developed countries have generally continued to use such unsophisticated
methods as open dumps [2].

MATERIAL AND METHODS
Although developed and upper-income countries have
designed regulatory programs for disposal of solid wastes,
developing and under-developed countries have generally
continued to use unsophisticated and inadequate methods
such as open dumps. The quantities of solid wastes produced by the densely population and industrialization in
Turkey are large and increasing along with a growing affluence and improved standard of living.
The overall objectives of the study and main actions
required were the following: An overview of the current
solid waste and wastewater management situation and recycling practices in Turkey, determination of social, legislative and economic obstacles to the application of recycling
as a primary waste management strategy and determina-
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tion of the size of environmental problems originated from
solid waste and wastewater strategies in the eastern Black
Sea Region. The main actions required to meet the above
objectives were the implication of privatization of solid
waste services and the hierarchy should be considered and
re-planning and construction of sanitary landfills, rehabilitation of old open dumps, improvement of reuse-recoveryrecycling practices should be improved.
In this study, also 260 completed questionnaires were
carried out for the analysis of the environmental problems
and solid waste disposal site selection criteria. Landfill
siting criteria were described as health, natural environment,
location of settlement areas, bad odor, cost, transport, population impact, ownership and security. Environmental problems were described as water and sea pollution, inadequate
control, inadequate area, floods, landslides, air pollution,
solid wastes, inadequate infrastructures, transportation and
sound effect. Statistical analysis of sampling accuracy idicated that a systematic random sample of 260 questionnaires will result in a mean sampling error (e) of ±3% at
the 95% significance level (α=0.05), and a standard deviation (S) of 0.5
RESULTS AND DISCUSSION
Municipal Solid Waste Management in Turkey

Environmental pollutions originating from improper
and inadequate management of MSW are common and
most serious problems for all cities in Turkey. Due to the
lack of modern landfills and treatment plants, solid wastes
originating from human activities cause serious environmental problems such as sea pollution, especially in coastal

cities, air and soil pollution in inland cities. Turkey is experiencing an urbanization process in which approximately
50 % of the population is concentrated in its ten largest
cities in all 81 provinces. In the last two decades, rapid
industrialization, economic development and urbanization
have caused a huge increase of solid waste generation in
Turkey. Current solid waste management practices in Turkey have traditionally been undertaken by the Ministry of
Environment and Forestry, with the participation of some
private sectors in recent years.
The quantities of solid wastes in Turkey are increasing along with the improved standard of living. Table 1
shows the comparison of solid waste generation rates and
solid waste management practices among different years.
Tchobanoglus et al. (1993) [8] propose the following
typical distribution of components in residential MSW for
low-(per capita income less than US$750, 1990), middle(per capita income US$750–5000) and upper-income (per
capita income more than US$ 5000) countries (Table 2).
According to Table 2, Turkey belongs to the status between
low- and middle-income levels.
Although developed and upper-income countries have
designed regulatory programs for disposal of solid wastes,
developing and under-developed countries have generally
continued to use unsophisticated and inadequate methods
such as open dumps [9]. In spite of the efforts to turn open
dumps into sanitary landfills and to build modern recycling
and composting facilities, there are still over 2000 open-air
dumps in Turkey [10-13].
In Turkey, legal documents related to solid waste management are published and continuously updated. With the
establishment of the “Solid Waste Control Regulation” in

TABLE 1 - Comparison of solid waste management practices among different years in Turkey [5-7].
1996
2322
2157
22 800
1.31
6
127 000

Number of municipalities
Number of municipalities receiving solid waste management services
Collected solid waste amount (103 tons/year)
Per capita (kg/day/capita)
Number of sanitary landfills
Capacity of sanitary landfills (103 tons)

2001
3215
2915
25 100
1.31
13
261 000

2005
3225
3188
24 237
1.34
16
278 060

TABLE 2 - Comparison of typical distribution of components between Turkey and low, middle and upper-income countries.
Component
Food waste
Paper
Plastics
Textile
Rubber
Yard waste
Glass
Metal

Turkey
(average)
(%)
45
20
10
2
1
4
10
8

Typical distribution of components in residential MSW (%)[8]
Low-income countries
40-85
1-10
1-5
1-5
1-5
1-5
1-10
1-10

Middle-income countries
20-65
8-30
2-6
2-10
1-4
1-10
1-10
1-5
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Upper-income countries
6-30
25-60
2-8
2-6
0-4
11-24
4-12
3-13
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1991 and “Water Pollution Control Regulation” in 2004,
Turkey began to make significant progress addressing
some of its most pressing environmental problems. However, progresses on the remaining and serious environmental challenges facing Turkey have been slow. In addition, Turkey has developed regulations for medical waste
in 1993, and hazardous waste in 1995. According to all
administrative regulations, Turkey faced significant environmental problems and challenges with respect to solid
waste management. As in other developing countries, the
public health system lacks because of inadequate and unsustainable solid waste management programs.
Municipal waste statistic survey has been conducted
in all municipalities annually since 1993 by the State Institute of Statistics (SIS). SIS published an extensive research
in 1993 and 1994, which provided valuable data on compositional variations in MSW. With these surveys, detailed
information about the percentage of population served by
the solid waste disposal and sewerage system and the type
and capacity of wastewater treatment plants were determined. The results of the major studies are summarized in
Table 3 [7].
There are 3225 municipalities in Turkey and the study
carried out by the SIS to determine solid waste management strategies covers 1991 municipalities. But, of all these
municipalities, only 1889 municipalities have solid waste
management services [7]. According to these studies,
12.38 billions tons solid wastes in summer, 11.86 billions
tons solid wastes in winter, and total 24.24 billions tons
solid wastes were collected for disposal in 2004. The amount
of MSW per capita was 1.34 kg/day in summer, 1.33 kg/
day in winter, and average was 1.345 kg/day in 2004.
Significant and serious problems in solid waste management are securing and well management of the waste

disposal sites and waste treatment facilities. Procuring a
landfill site near an area in which a large amount of waste
is particularly difficult. Even if a solid waste disposal site
can be secured, it will not be a permanent solution to the
problem of treatment or disposal of waste because landfill
will be consumed in a short time. Thus, waste minimization has been placed at the top of the solid waste management hierarchy. Waste minimization consists of two
basic operations: source reduction and recycling [14].
Source reduction is the most desirable method to avoid
waste generation, while recycling is useful to conserve the
resources and to prevent the materials entering the waste
stream.
Solid waste recycling and recovery have been a performed commercial activity in Turkey. Although recycling of glass and paper has been conducted at industrial
scales since the 1950s [15, 16], in recent years almost all
type of materials can be recycled and recovered at industrial levels with the recent improvements and investments
of the recycling and recovery industry in Turkey. In sum,
a strong market demand exists for almost all types of packaging waste, regardless of its nature. Current scrap material
prices are indicative of the world market influences. However, glass, paper and PET recycling are being conducted at
fairly high industrial capacities [17].
Major constituents of the MSW are organic, whereas
recyclable materials constitute almost 1/3 of total MSW in
the metropolitan cities (Table 4). The average per capita
MSW generation in the metropolitan cities of Turkey is
about 1.2 kg/day. But the average per capita MSW generation is 0.95 kg/day [17].Thus, population head is positively correlated with the solid waste generation rate. In other
words, less populated cities generated fewer quantities of
waste than densely populated cities.

TABLE 3 - Basic index of municipal solid waste management in Turkey [7].
Total population according to 2000 Census
Number of municipalities
Number of municipalities receiving SWM services (population: 49 383 509)
Collected solid waste amount (103 tons/year)
Per capita (kg/day/capita)
Summer/Winter
Solid waste disposal methods and amount of waste
Open dump of county municipalities
Sanitary landfill
Composting plant
Burning
Disposal to the sea, lake and river, uncontrolled burying
Medical waste disposal methods and amount of waste
Open dump of the municipalities
Sanitary landfill
Burning
Solid waste disposal plants
Number of sanitary landfill
Capacity of sanitary landfill (103 tons/year)
Number of composting plant
Capacity of sanitary landfill (103 tons/year)
Number of incineration
Capacity of incineration (103 tons/year)

935

67 803 927
3 225
1 889
24 237
1.34
12 380/11 857
(103 tons/year)
15 827
6 991
349
71
500
(103 tons/year)
30.3
16
14
16
278 060
5
667
3
44
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tices in Turkey. Open-air dumps and uncontrolled landfills are the most preferred disposal methods.

TABLE 4 - Average municipal solid waste composition
as organic and recyclable matters in Turkey [17].

Organic (%)
Recyclable (%)
Others (%)

Metropolitan
Cities
45-50
30-35
20-25

Medium
towns
50-55
20-25
25

Small towns
and villages
60
15
25

When it comes to compositional characteristics of
MSW, one should take into account the social and demographic factors of the individual town or village. Regarding the compositional characteristics of MSW, a general
categorical approach might be helpful as suggested in
Table 5.
However, if overall figures are required to reflect the
compositional characteristics of MSW, organic components
can be assumed to be 50–55%, whereas recyclable and
others (ash and slag, dust etc.) can be assumed to be 20–
25%. However, some correction is always required to accommodate the statistical variations arising from the specific nature of the waste sources, seasonal changes and
demographic facts [17].
TABLE 5
Average municipal solid waste composition in Turkey [18].

Paper
Glass
Plastics
Metal
Total

Placed into market
(ton/year)
1 850 000
350 000
550 000
150 000
2 900 000

Amount recovered
(ton/year)
700 000
80 000
170 000
50 000
1 000 000

Recycling
(%)
36
25
30
30
30

Solid waste disposal strategies

Open dumping, landfilling, incineration and composting are the most preferred solid waste management prac-

Collected solid waste from the municipalities applying
solid waste management services was 24.24 billions tons
and 46.7 percent of these wastes were disposed to the municipality open dumps, 28.9 percent disposed as landfill,
15.6 percent disposed to the county open dumps, 3 percent disposed to the other open dumps in 2004 as reported
(Figure 1).
About 65 % of all MSW were disposed to uncontrolled open sites, river, lake and sea. These applied practices have threatened the environmental health for a long
time. For that reason, environmental pollution originated
from open dumping sites is regarded to be the major challenge in the future.
Generation of MSW including organic waste is increasing while soils are progressively losing organic matter
due to intensive cultivation and climatic conditions. This
makes the recycling of organic waste a soil amendment as
a useful alternative to incineration, landfill or open dumps
[19]. Composting is rarely used because of several market reasons and its high moisture content in Turkey. There
are only five composting plants with a total capacity of is
667 000 tons/year. The other approach to decreasing the
value of MSW is to convert the energy stored in waste by
incineration. Although many combustibles are recyclable,
there is often a higher total value in burning the waste for
energy than in recycling it. In Turkey, there are only three
incineration plants and their capacities is 44 000 tons/year.
The incineration method is rarely used in Turkey, because
of its low economic value. Especially in small cities, solid
waste has been collected with industrial, agricultural and
hospital wastes. Since the waste sorting is generally applied
in final disposal sites, the calorific value of the wastes is
not high and the moisture content of wastes is very high.

Open dump of municipality 46.7 %
Other open dump
of municipality 3.0 %
Open dump of
county municipality

Sanitary landfill

15.6 %

28.9 %

Other 2.1 %
Uncontrolled
burying 1.6 %

Composting plant 1.4 %
Disposal to the lake

Burning 0.3 %

and river 0.4 %

FIGURE 1 - Distribution rates of municipal solid waste disposal methods in Turkey [7].

936

© by PSP Volume 17 – No 7b. 2008

Fresenius Environmental Bulletin

Municipal Wastewater Management in Turkey

The quality of water is legally managed by the Water
Pollution Control Regulation. The Regulation puts forward
the principles for the discharge of wastes into the ground
and surface waters and strategies to protect the water
basins used for drinking water. It also lists the regions
under protection. The Drinking Water Standard (TS 266)
determines the recommended maximum limit values. The
Regulation on Water Products also delineates the water
quality standards for goods containing water. Economic
developments, including increased irrigation for agricultural production, and high population growth rates have
increased the industrial and domestic demand for water.
These developments not only increase the demand for water
but also threaten the existence and quality of water resources.
Regarding surface waters, Turkey is geographically
divided into 26 water basins. There are 200 natural lakes
covering an area of about 1 million hectares. The total annual groundwater supply is 41 billion cubic meters, of which
12 billion cubic meters could be exploited. Currently 8 billion cubic meters are being exploited, of which 55 percent
is used for irrigation and 45 percent for drinking and industrial purposes. In 1996 total water consumption was 34
billion cubic meters. Annual consumption of drinking
water was almost 74 cubic meters per capita when the EU
average was about 100 cubic meters. Water consumption
increased for 8 percent between 1980 and 1997 [2]. Among
rural residents, 62 percent have access to safe drinking water and nearly 70 percent of the urban population is connected to safe drinking water. It is significant that 50 percent of the total drinking water potential is lost in the supply networks. The population of Turkey is expected to
reach 87 million in 2020 and the total capacity of consumable water resources per capita is foreseen as 1,042 cubic
meters per year [2]. Financing the construction of urban
water, sewerage and treatment plants is largely provided
by the central government via the Municipalities Fund of
the Bank of Provinces. These funds usually fall short of
what is required to complete the infrastructure. External
resources for financing shift the burden to foreign debt.
Therefore, the financing of investments for water supply,
sanitation, sewage treatment and solid waste disposal is
still a burden for the central government. Provisions regarding financial autonomy of the municipalities and increasing their revenues are planned for inclusion in the revised
Law for Local Authorities.
Seventy-five percent of the industrial wastewater is
discharged without any treatment (mainly into seas and
rivers), 20 percent is treated and the remaining 5 percent gets preliminary treatment only. Approximately half
of the 190,000 industrial enterprises (employees less than
25) are active in highly polluted industries, and of those
1.4 percent is established in organized industrial zones.
Many steps remain in order to improve the sustainable
management of water resources in Turkey. Specific actions need to be taken to increase the share of the popula-

tion connected to wastewater treatment, which currently
stands at only 12 percent. The price structure of the water
services should be developed to cover the investment and
maintenance costs as well as to achieve a rational use of
water. Priority should be given to the investment in water
infrastructure in order to develop public-private cooperation for financing. Strategies for the management of water
resources in water basins need to be developed. Relevant
legislation needs to be better enforced. Monitoring and
measurement of water quality should be properly implemented and recorded. The results of the latest major
studies about wastewater management strategies are summarized in Table 6.
TABLE 6 - Basic index of municipal
wastewater management in Turkey [20].
Total population according to 2000 Census
Number of municipalities
Total population of municipalities
Number of municipalities in this study
Number of studied municipalities receiving wastewater
management services
Population of studied municipalities
Population of studied municipality receiving wastewater
management services
Amount of discharged wastewater (1000 m3 /year)
Sea
Lake and dam lake
River
Land
Other
Number of studied municipalities receiving wastewater
treatment services
Population of studied municipalities receiving
wastewater treatment services
Wastewater treatment plants
Number
Capacity (1000 m3 /year)
Amount of wastewater treated (1000 m3 /year)

67 803 927
3 225
53 935 050
1911
1421
50 197 125
43 034 886
2 770 350
1 087 444
170 079
1 301 536
36 777
174 514
269
25 174 237
165
3 053 871
1 684 616

Environmental Pollution in the Eastern Black Sea Coast
Study area

The case study covers coastal cities of the Eastern
Black Sea Region, Turkey (Figure 2). The region is morphologically a very mountainous and steep land, and is
covered with heavy vegetation. Besides, the region is exposed to high variations of precipitation during the year.
The yearly precipitation is about 1250 mm in Ordu and
Giresun, about 800 mm in Trabzon and about 2300 mm in
Rize. The average temperature is about 14 0C in all coastal
cities for fifty years [21].
Intense rainfall in the region contributes to very densely
vegetations. However, heavy precipitation causes variable
environmental problems such as floods and landslides.
Development activities are very hard and very costly
because of the steep topography and insufficient smooth
wide areas. Agricultural areas in the Eastern Black Sea
Region are 15 %, which is lesser than that of the country’s
35 % [21]. Contrary to inland cities, this value is about 30 %
in coastal cities.
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FIGURE 2 - Location map of the study area.

Environmental pollution

In the countries around the Black Sea coast, many cities discharge their wastes and wastewaters into the shallow
sea water, mostly without treatment and outfall systems [9].
Solid waste with its high organic and inorganic strength
and quantities are the major polluting substances as are the
wastewaters [22-24].
Solid waste in the Eastern Black Sea Region is broadly
classified into three main categories:
• Municipal and household refuse (solid waste generated
by households, markets, food centers and commercial
premises such as hotels, restaurants, shops, etc.);
• Industrial refuse (not including toxic and hazardous
waste);
• Institutional refuse (solid waste from various Government and Statutory Board installations, hospitals,
schools, recreational facilities).
Collection and transport stages of waste management
have been well organized by municipalities in the region.
Because the municipalities play a controlling role in disposal, various problems take place in recycling and disposal of municipal, industrial and agricultural wastes. Recycling of solid wastes is organized by private firms. The
leachate from the uncontrolled solid waste dumping areas
is getting rich in heavy metals, and has caused increased
pollution in the sea and land. Solid waste disposal strategy applied for a long time has threatened sea life, human
and environmental health [25, 26].

Direct waste disposal into the sea and waste fillings
along the sea shore after rough manual separation are the
currently applied disposal processes of solid waste. At this
land scarce area, municipalities prefer filling the sea shore
along the coastline with MSW, to gain some expanded land
sites towards the sea. By these fillings, water depths have
reached to 10 m along the coastline, forcing serious coastline protection measures to be taken. Although prohibited
by law, unavoidable sea filling with solid wastes along the
coastline and direct sea disposal applications of the solid
wastes have produced many risky environmental conditions [9]. The Black Sea is one of the best examples of a
highly stratified inland sea, and has the world’s largest
anoxic zone (90 % of the water column). There is a permanent pycnocline at depths from 35 m to 150 m [27] due to
the surface freshwater outflow from many large rivers and
deeper saline water inflowing through the Bosphorus Strait
[28]. There is substantial information about the overall
oceanography of the Black Sea and its current environment
state [29]. Pollutant loadings to the Black Sea have been
described by Zeri et al. [30] and Tuncer et al. [23]. Considerable parts of the coastal water along the Ordu to Rize
have been officially declared as heavily polluted and restricted sites for recreation and fishing.
Copper mining is the most important industrial activity having serious pollutant potential in the southeast part
of the region. The Çayeli Copper mine establishment near
Rize has an outfall system discharging its waste at 250 m
sea depth. SUMAE (1990) [31] indicated the existence of
more than 0.1 mg/l copper concentrations in the South Black
Sea coastal water.
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Solid wastes originating from municipal and other
sources have been one of the main environmental problems in Turkey as in many developing countries. In the
coastal cities of the Eastern Black Sea Region, the collection and transportation stage of solid wastes are generally
well organized, but not the disposal of municipal, industrial and agricultural wastes. All municipalities and industrial factories have disposed their solid wastes with hospital and hazardous wastes to the nearest lowlands and river
valley or directly into the sea without any prior treatment.
This solid waste strategy applied for a long time has threatened environmental health [32, 26]. The waste management strategy and size of environmental pollution are
shown in Table 7.
Trabzon, a major city in the area, is representative of
this region in terms of solid waste characteristics and practices. About 200-300 tons wastes of Trabzon City have
been disposed to the Black Sea (88 %), rivers (1.5 %) and
to the land (10.5 %) despite of environmental and other

laws. Weight percent of the recycling waste, like glass,
plastic and metals is 17.5 % and that of unrecycled wastes is
82.5 %. C/N ratio of solid wastes is 68 %, organic materials is 25 wt %, inorganic materials is 5 wt %, moisture
content is 70 % and calorific value is 3000-4000 kJ/kg
(Table 8).
Based on these properties, methods of sanitary landfilling, composting and burning were compared in terms of
recycling and disposal of wastes. Considering these data,
solid wastes in Trabzon City are not economical for burning and composting. Since the two methods do not seem
applicable, sanitary landfilling should be considered. Sanitary landfilling is the most important stage in all solid waste
disposal methods. In the Eastern Black Sea Region, due to
the steep topography and insufficient flat wide areas, sanitary landfilling should be applied with recycling. Conclusively, in this area the application of waste reducing methods seems to be the most beneficial way of waste removal.

TABLE 7 - Waste management strategy in coastal cities of the Black Sea [7, 9, 20].
Name of the city
Total population (2000 census)
Solid waste management
Quantity of solid wastes (103 kg/day)
Solid waste treatment plant
Solid waste disposal method
Per capita (kg/day/capita)
Suitable disposal method
Wastewater management
Quantity of wastewater (103 m3/day)
Wastewater treatment plant
Wastewater disposal method
Air pollution
River pollution
Sea pollution
Pollution along the coastline
Solid waste analysis report

Rize
365 938

Trabzon
975 132

Giresun
523 819

Ordu
887 765

30
Absent
Land and
sea disposal
1.19
Landfill

200
Absent
Land and
sea disposal
0.83
Landfill

80
Absent
Land and
Sea disposal
0.91
Landfill

70
Absent
Land and
sea disposal
1.05
Landfill

51
Absent
Sea outfall
Absent
Serious
Serious
Serious
Exist

142
Unsufficient
Sea outfall
Not serious
Serious
Serious
Serious
Exist

56
Absent
Sea outfall
Absent
Not serious
Serious
Serious
Absent

81
Unsufficient
Sea outfall
Absent
Not serious
Serious
Serious
Absent

TABLE 8
Solid waste characteristics for Trabzon and Rize [33, 34].
Contents
Recycling material
Paper
Plastic and nylon
Metal
Glass
Food
Textile
Others
Unrecycling material
> 40 mm
8 mm- 40 mm
< 8 mm
Moisture content (%)
Organic matter

Trabzon
Weight (%)
17.5
4.83
6.26
2.01
1.91
0.23
0.98
1.28
82.5
44.9
30.3
7.3
60-70
25

Rize
Weight (%)
13.1
3.8
4.6
2.9
1.8
86.9
48.2
29.9
8.8
61
47

Public opinion and conflict on waste management strategies

Landfill siting is one of the most important stages in
solid waste management in developing countries. The
process of siting landfill in developed countries is a long
one that requires continuous public and government interactions. The success of waste facility siting depends on
many linked factors of facility design, impacts, and community values and support [35].
The problems encountered when seeking suitable locations for landfill sites often include public concerns over
the potential health and environmental impact [36]. In
Turkey, especially in the Eastern Black Sea Region, conflicts regarding the siting of landfill occur frequently. Trabzon, the major city in the region, has disposed urban
wastes into Black Sea. Due to this improper siting criteria,
environmental and health problems have risen along the
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coast. For that reason, a questionnaire was designed and
distributed to a random sample for residents of the city
center, to help responsible decision makers in assessing
public opinions and conflicts for siting landfill.

population, number of residents in household and generated household solid waste.
According to the results of the statistical analysis, the
education level of the family head is negatively correlated
with the quantity of daily household solid waste. This indicates that educated families generated fewer quantities of
waste than less than educated families (Figure 2).

A total of 260 completed questionnaires were processed for the analysis of landfill siting criteria and environmental problems. The analysis included the responses
to the questions concerning the problems raised from a
landfill site. The pervious responses were sorted in ten answers that describe the concerns for the participants about
environmental problems and nine answers that describe the
concerns for the participants about landfill siting criteria.
Environmental problems were described as water and sea
pollution, floods, landslides, inadequate control, inadequate
area, air pollution, solid wastes, inadequate infrastructures,
transportation and the last one was sound effect and landfill site selection criteria were described as health, natural
environment, location of settlement areas, bad odor, cost,
transport, population impact, ownership and security.
Table 9 and 10 list the frequency and percent for the landfill site selection criteria and environmental problems.

TABLE 9 - Ranked environmental
problems based on survey of sample public
Environmental problems
Water and sea pollution
Floods
Landslides
Inadequate control
Inadequate area
Air pollution
Solid wastes
Inadequate infrastructures
Transportation
Sound effect

Frequeny
50
3
7
12
9
30
44
44
56
5

Percent (%)
19.1
1.2
2.5
4.6
3.3
11.6
17
17
21.6
2.1

TABLE 10 - Ranked landfill siting
criteria based on survey of sample public

The data in Table 9 and 10 indicate that the percentage
of transportation in the survey was 21.6 %. The most important environmental problems are transportation (21.6 %),
water and sea pollution (19.1 %) and solid wastes (17 %).
Health was scored as the most important factor (61.8 %
relative importance) in the selection of landfill sites by the
survey participants. A cross-classification analysis was performed on the data to examine likely interrelationships,
which may exist among the education level of the sample

Landfill siting criteria
Health
Natural environment
Location of settlement areas
Bad
Cost
Transport
Population impact
Ownership
Security

Frequeny
160
29
26
4
18
2
12
2
7

Percent (%)
61.8
11.2
10
1.7
7
0,8
4.2
0.8
2.5

160

Education level

140

146

F requenc y

120
100
80
60
40

55
35

20

24

0
Primary	
  

70

F requenc y

60

S ec ondary

Number of residents
in household

Number of collected
82

70

71
67

81

litter bag from
household

60
55

40
30

Univers ity

80

50

34

20
10

High	
  s c hool
90

F requenc y

80

40
30

43

35

20

25

8

50

19

10

0

0
1

2

3

4

5

>	
  6

1	
  or	
  2

3	
  or	
  4

5	
  or	
  6

7	
  or	
  8

>	
  8

FIGURE 2 - Education level, number of resident and number of collected litter bag from household for sample population.
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CONCLUSIONS
Turkey is experiencing an urbanization process in
which approximately 50 % of the population is concentrated in its ten largest cities in all 81 provinces. In the last
two decades, rapid industrialization and economic development have caused a tremendous increase of solid waste
generation in Turkey. In this study, the solid waste management practices and challenges were discussed, solid
waste management strategies and environmental pollution
originating from solid waste in the Eastern Black Sea Region were determined, and the public opinion and conflict
on landfill site selection were examined in Trabzon city.
Below a summary of the research findings:
• In Turkey, a total 24.24 billion tons solid wastes were
collected for disposal and 2770 million m3 wastewater
were discharged in 2004. This strategy has threatened
human and environmental health. Especially, water and
soil pollution arising from open dump sites in the Eastern Black Sea Region are major environmental problems. About 400 tons wastes have been disposed to
the Black Sea, rivers and the land in the region. Environmental pollution originating from open dumping
sites is regarded to be the major challenge in future.
• Recycling wastes in Turkey are well above 30 % in all
recyclable wastes. Although the idea of recycling is
gaining popularity and it is a longstanding commercial
activity, there are many social, legislative and economic obstacles to apply recycling as a primary waste
management strategy. Political support for a government program is critical to its success, especially recycling programs which seek to change the behavior of a
large number of people. Agencies have little chance to
carry out such programs successfully.
• Especially gas emissions originating from open dumping sites and closed landfills are major issues considering to the energy recovery [37, 38].

to EU directives, publishing guidelines with case studies,
private sector participation) should be arranged, training
and communication practices (rising public awareness,
training staff) should be increased and finally monitoring the application of the action plan should be controlled in Turkey.
• The implication of privatization of solid waste services on the hierarchy should be considered.
• The traditional solid waste management hierarchy should
not be emphasized under low economic conditions.
• The management of industrial, hospital and hazardous
wastes should include cleaner production
• With evaluation of management practice, it is seen that
there is a need to modernize the SWM in Turkey by
means of the implementation of programs related to reuse or recycle. There is also a need to implement treatment systems to counteract environmental problems, decreasing the consumption of natural resources and minimizing the space required for the final disposal of solid
waste. With this perspective in mind, waste reduction
and recycling activities are implemented, they should
be promptly rewarded.
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• Because Trabzon City is the biggest and major city of
Eastern Black Sea Region, and represents topographical, geological, hydrogeological and climate properties of the all region, the most suitable solid waste disposal strategy was evaluated using physical and chemical properties of solid wastes. Sanitary landfilling is
the most important stage in all solid waste disposal
methods. In the Eastern Black Sea Region, due to
steep topography and insufficient smooth and wide
coastal line, sanitary landfilling should be applied with
recycling and reuse.
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