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REMOTE SENSING AND STATISTICS FOR THE
INVESTIGATION OF UNCONTROLLED LANDFILL SITES:
A CASE STUDY IN LESVOS ISLAND, GREECE
Kostas Perakis1, Dimitris Malliaros1, Nikos Soulakellis2, Georgios Silleos3 and Athanasios Kungolos1
1

Department of Planning and Regional Development, University of Thessaly, 38334 Volos, Greece
2
Department of Geography, University of the Aegean, 81100 Mytilene, Greece
3
Macedonia University, Department of Applied Informatics, 54006, Thessalonki, Greece

SUMMARY
Data collection for environmental sciences and, especially for land cover inventory, is an expensive and timeconsuming procedure. On the other hand, the satellite
remote sensing has been introduced with advantage for
the study and analysis of the spectral response of objects
located on the earth surface [1, 2]. Any material sited on
the earth surface has a specific spectral response, as result
of the interaction between the object and the incident
electromagnetic energy. Until recently, few results have
been published concerning the spectral response of uncontrolled landfill sites (ULS) and its relationship with
electromagnetic energy. In order to register and investigate the spectral behavior of solid wastes, bare of soils,
field data has been collected from Lesvos Island, Greece.

was to investigate and determine the specific spectral
signatures related to representative ULS and at the same
time study their differentiation from the other land cover
types. The work focusses on the extraction and analysis of
the radiometric characteristics of ULS using Erdas Imagine software. Geometric correction of the satellite images
was introduced in order to handle our data in a common
coordinate system. The bands analysis reveals that ULS
spectral signatures differ significantly from the spectral
signatures of other land covers (urban, arid land).

The corresponding satellite image was taken on August 26th 1999 by Landsat-5 TM satellite, covering the
whole island of Lesvos. Thirteen ULS were investigated
for their spectral response. Their spectral behavior and the
results of the statistical analysis showed that wastes present a spectral response significantly different from the
neighboring land covers. In addition, supervised classifier
grouped all ULS in one class, apart from the rest of the
existing classes.

Data acquisition and correction

KEYWORDS:
Remote sensing, satellites, spectral signatures, environment.

MATERIALS AND METHODS

The satellite images had to be geometrically corrected,
while the center of the ULS has been acquired by a portable
GPS system, set to the same coordinate system (UTM) as
the satellite image. The method used for this purpose is the
mapping of polynomials and ground control points. The
geometric correction of the image was based on finding the
ground control points (GCP) on a topo map, with a known
coordinate system and the same GCP’s on the image. The
map GCPs are related to the coordinates of the map background (X,Y) and the image GCPs are related to the location of pixel on the digital image (x,y). These are represented by the functions below:
n

n

x = f ( X , Y ) = ∑∑ a pq X pY q
p =0 q =0
n

INTRODUCTION
Few earlier studies were carried out or published on
the investigation of the spectral behavior in regard to
uncontrolled landfill sites (ULS), based on satellite images and field work. The objective of this research study

n

y = f ( x, Y ) = ∑∑ bpq X pY q
p =0 q =0

It is well-known that if the coefficients a and b are
known in both cases, then the mapping polynomials could
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be used to relate any point on the map to its corresponding point in the image. Sets of points or features can also
be identified on the map as well as on a digital image and
there might be road intersections, coast line, bends in
rivers and any recognizable points. In our case 52 GCP's
were used and afterwards matched for the completion of
the geometric correction. The available map background
was geo-referenced to U. T. M. system, spheroid Clarke
1866 and Projection Zone 35 where Greece belongs. In
order to achieve an advanced accuracy during the procedure of the geometric correction, the portable GPS
equipment was used for the registration of additional
coordinated points.

TABLE 1 - The georeferenced coordinates of
uncontrolled landfill sites (ULS) in UTM system.
Landfill Site
Name

X

Y

1

Plomari

446542

4315418

2

Gera

454657

4318538

3

Mytilini

458587

4329938

4

Polichnitos

429427

4324253

5

Ag. Paraskevi

439687

4342883

6

Kalloni

433207

4351133

7

Mantamados

443182

4350533

8

Eressos-Antissa

407287

4335953

9

Petra

430567

4352273

10

Molinos

431062

4357613

11

Kapi

441427

4354118

12

Stipsi

433192

4351133

13

Mesotopos

411757

4332098

An important element of the satellite image is the
spatial resolution, 30 meters in the case of LANDSAT-5
TM. The sensors of Landsat-5 TM register the scattered
irradiation in seven spectral bands, with specific spectral
width and particular detections over the ground. Each
pixel is registered on the digital image by a scale of grey
color tone, ranging from 0 to 255 (8-bit information). The
georeferenced coordinates of ULS to UTM system are
shown in Table 1.

Molinos
Petra

Stipsi

Kapi

Mantamados
Kalloni

Ag. Paraskevi

Eressos-Antissa
Mytilini
Mesotopos

Polichnitos

Gera

Plomari

PHOTO 1
Spatial distribution of the studied uncontrolled landfill sites (ULS).

379

Coordinates (UTM)

Landfill Site
Number

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

Using the spectral band 2 of the Landsat TM of
Lesvos Island, a location map of the spatial distribution of
the existing UFS was created (Photo 1).
In order to extract theWith reference to outputting
spectral signatures of ULS, the location of the centers of
the ULS using the GPS technology was assumed as necessary work. The scope fact of locating these centers was
to exclude the choice of peripheral points or areas that
were not included in our area of our interest and possibly
influence the spectral signatures of the wastes. Different
land covers are very likely to create errors and provide
displacements and deviations in the expected results.
The basic radiometric and -statistical analysis of each
ULS has been conducted, firstly through the Erdas Imagine
8.1 software and, secondly, through SPSS 9.0 [3]. It is
referred that we made use of the mean values of pixels in
each spectral band of Landsat TM for the 13 ULS studied
(Table 1) and for other ground cover types (Figure 1) TM
were estimated to study their distribution along the seven
spectral bands of LANDSAT-TM.
The equation that provides the mean values is
x=1/nΣfi*xi of each area of interest (AOI), where n is the
total number of pixels in each band, xi, the specific radiometric value and fi, the number of pixels that corresponds with a specific radiometric value.

tempt to confirm the differentiation of their spectral signatures between them and in comparison with the ULS. For
comparison purposes, a number of pixels related to different land use/covers in Lesvos Island were located in the
satellite image. The cover types examined are arid land,
oak trees, marshy land, timberland, cultivable land, broadleafed land, urban area and olive trees (Figure 1).
Statistical analysis of the ULS radiometric values in each
spectral band

In order to study the nature of homogeneity between
the ULS in each band and find out their relationship, a
Bonferroni test was applied [3], as a necessary procedure,
on their mean radiometric values. This test includes a
multiple comparison of the mean values considering a
specific and predetermined significance level. The output
dissimilarities in that level concern the differences of the
ULS spectral signatures. In particular, Bonferroni's method applies to an ANOVA situation when the analyst has
picked up in advance a particular set of pair wise comparisons or contrasts or linear combinations. The above
method is valid both for equal or unequal sample sizes. If
the number of comparisons in the finite set is g, the Bonferroni inequality is presented by the function:
g

g

i =1

i =1

P( Ai ) ≥ 1 − ∑ P[ Ai ]

The study of the spectral behavior of land cover
types [4, 5], other than ULS, was carried out, with an at-

where Ai and its complement

Ai are

any events.

180
160
140

arid	
  a rea
oak	
  trees

120

timberland
cultivated	
  a rea
broad-‐leaved
urban
olive	
  trees

100
80
60
40
20
0
1

2

3

4

5

6

7

FIGURE 1
The mean radiometric values in each spectral band of the main land use/land cover types in Lesvos island.
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spectral bands
FIGURE 2
The figure shows the high homogeneity of the first three ULS.

Therefore, if multiple interval estimates are desired
with an overall confidence coefficient 1-α, one constructs
each interval with confidence coefficient (1-a/g) and the
Bonferroni inequality insures that the overall confidence
coefficient is at least 1-a.

RESULTS AND DISCUSSION
In this study, the comparisons have been done by using the ULS as objects, validated in the specific spectral
bands, considering the mean values at a significance level
of α=0.005, this being carried out for specific combinations. While using bands 1, 2 and 3 (0.45-0.52 µm, 0.520.60 µm, 0.63-0.69 µm), the spectral signatures of the first
three ULS (1st, 2d, 3d) appear to have high homogeneity,
meaning that the mean values tend to lie in the same level
or the variation between the three spectral signatures is
not significant (Figure 2). Up to a threshold, the same
response continues to appear also in the fourth spectral
band (0.76-0.90 µm), in spite of the higher deviations of
the mean values in comparison with the previous bands.
The next six ULS (4th - 9th) show high homogeneity
of their spectral signatures (Figure 3), while the next four
ULS (10th - 13th) form another group of spectral signatures (Figure 4). The above grouping is based on the
common characteristics, such as waste composition, underground substratum, surrounding vegetation and basrelief, which characterize the chosen ULS. It is necessary,
at this point, to point out that the 6th landfill site differs
significantly from the others due to the specific characteristics of the surrounding area, which comprises of humid

sandy soil, a fact that contributes to the deviation of the
expected spectral signature.
The 4th spectral band (near infrared), in Figure 3, reveals relationships which differ from those of the first three
bands, and the multiple comparisons lead to the conclusion
that the mean radiometric values of the 4th ULS differs
completely from the other ULS. Taking into consideration
that the 4th spectral band is suitable for biomass survey
(produced by the vegetation or by the materials that consist
of carbon combinations such as organic), the reason for the
differentiation of the 4th landfill site seems to be due to the
arid land between the disposal cells of waste (the particular
AOI contains a number of pixels that represent arid land
and they are located between the pixels that represent homogenous texture of waste).
The 5th spectral band (1.55-1.75 µm-middle infrared)
is sensitive under the humid vegetation site conditions,
and, consenquently, the mean radiometric values are
higher than those of the other bands, meaning lack of
humidity in the specific ULS compared to the rest of ULS
values. Therefore, it can be concluded that the 5th spectral
band is not suitable for ULS classification and no groups
can be formed due to greater dispersions (reduced mean
deviation) between the sites. The only comment at this
point is the lower mean radiometric value of the 6th ULS,
due to the existence of surface water.
It is important to note that the 6th spectral band of (thermal infrared spectral zone in 10.40-12.50 µm) of Landsat
TM has not been included in the analysis due to the considerable difference in the pixel size, 120m x 120m comparable
to 30m x 30m pixel size in the rest of spectral bands.
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The spectral signatures in band 7 (2.08-2.35 µm in the
far infrared portion) seem to be homogeneous in all cases,
denoting that the 7th zone seems to act as a normalizing
component. Furthermore, considering that the main function of the above zone is the geological registration and
mapping, it is easily assumed that, in spite of the statistical

grouping of the mean values of ULS, another classification
exists. It is the identical geological patterns that dominate
the underground of Lesvos Island, which is registered by
band 7. It is noticed that the mean values shared lie around
value 60, in a range of 0 to 255 (Table 2).

160

radiometric values

140
ULS-4

120

ULS-5

100

ULS-6

80

ULS-7

60

ULS-8

40

ULS-9

20
0
1

2

3

4

5

6

spectral bands

FIGURE 3
The figure shows the spectral behavior of the next six ULS.

160
radiometric values

140
120
ULS-10

100

ULS-11

80

ULS-12
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ULS-13

40
20
0
1

2

3

4

5

spectral bands
FIGURE 4
The figure shows the spectral behavior of the last four ULS.
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TABLE 2
The mean radiometric values of the 13 ULS in the 7 bands of Landsat TM.
Plomari

Gera

Mytilini

Polichnitos

87.3
40.6
54.6
84.5
114.4
50.6

90.5
43.7
55.7
82.1
113.2
52

87.4
42.1
54.9
90.9
125.5
55.6

103.2
50.3
64.8
68.7
105.8
54.4

Ag.
Paraskevi
98.6
48
66.6
84.5
133.2
64.2

Kaloni

Mantamantos

Eressos

Petra

Molivos

Kari

Stipsi

Mesotoros

106.1
58.9
85.9
122
142.2
65.5

107.4
53
72.6
89.5
139.9
69.4

105.4
51.6
68.6
80.1
119.9
60.4

117.6
63.7
87.2
104.4
150.5
68.2

98.3
48.8
63.7
72.5
116.5
61.6

112.9
57.5
79.9
94.9
147.8
78.1

103.2
55.3
76.7
102.8
151.4
65.7

100.3
50.4
67.7
85.7
122.9
61.2

TABLE 3
The mean radiometric values of the urban and arid land cover types in the seven bands of Landsat TM.

Band ID
1
2
3
4
5
7

Urban area
100
50
68
85
140
100

Arid land
108
58
67
87
138
80

ULS-1

160

ULS-2

140

ULS-3

120

radiometricvalues
values
radiometric

Band
ID
1
2
3
4
5
7

ULS-4
ULS-5

100

ULS-6

80

ULS-7
ULS-8

60

ULS-9

40

ULS-10
ULS-11

20

ULS-12

0

ULS-13
1

2

3

4

5

6 6

spectral bands
bands
spectral

FIGURE 5
General differentiation between arid-urban areas and ULS in all spectral bands.
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Besides the differentiation between ULS, another important issue being investigated is the differentiation between the ULS and the other ground cover types, mainly
in the urban and arid land. Regarding the spectral signature diagram, it is figured out that both spectral signatures
of arid land and urban area seem to be identical, therefore,
the analysis could be proceeded in order to confirm the
dissimilarity of ULS and arid-urban land spectral signatures and to find out the particular bands in which this
differentiation is implemented. Figure 5 shows that only
band 7 seems to be capable for differentiating the urban
and arid areas from the ULS in the survey area.
Considering the above analysis, it is almost certain to
certify that ULS provide spectral signatures, which can be
used for discrimination from other land cover types, using
specific methods and techniques. For further confirmation
of the results, field research using a portable radiometer is
recommended, which potentially can provide explanations
for some deviations in the previous statistical analysis.
Multitemporal and logistics regression analysis are also
recommended, instead of static spectral signatures, for
establishing the spectral structure of the objects under
investigation [6, 7].
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TROPHIC STATUS OF SHALLOW YENIÇAĞA LAKE (BOLU, TURKEY)
IN RELATION TO PHYSICAL AND CHEMICAL ENVIRONMENT
Yasemin Saygı-Başbuğ and F. Yıldız Demirkalp
Hacettepe University, Faculty of Science, Department of Biology, Ankara 06532, Turkey

SUMMARY
Yeniçağa Lake is under the threat of human activities
such as overexpansion of settlements and drainage of
irrigable lands. It is also subjected to industrial, domestic
and agricultural pollution. The aim of the study is to produce the basic limnological data that are required for
sustainable development plans of the lake and its surroundings. Thus, the physical and chemical characteristics
of the lake and the dominant phytoplankton species were
investigated from October 1997 to August 1999 in monthly intervals.
The ionic sequence in the lake was bicarbonate>sulfate>chloride and calcium>magnesium. Conductivity decreases during the algal blooms were related with
biological removal of bicarbonate and calcium. Overall
concentration of nutrients in the lake was never at low
limit for the phytoplankton growth. Ammonia varied from
0.12 to 1.54 mg l-1, nitrate fluctuated in a wide range of
0.01-8.61 mg l-1, nitrite ranged between 0.001-0.573 mg l-1,
orthophosphate was between 0.01-1.81 mg l-1. The algal
species composition in the lake was typical for eutrophic
ecosystems, and certain blue-green algae species, Anabaena spp., Oscillatoria spp., Aphanizomenon flos- aquae
were found to be the dominant organism in the lake. The
mean chlorophyll a content (2.26-124.49 mg m-3) corresponded to eutrophic level.

KEYWORDS: Yeniçağa Lake, Turkey, trophic status, physical
and chemical characters.

INTRODUCTION
Wetlands, which have importance both for ensuring
the ecological balance and for preserving biological diversity, are currently under serious threat in Turkey. The most
important of the unfavorable developments in the preservation of wetlands is drainage. Another very significant threat
for the wetlands is pollution, not only by the inherent factors, but also via the rivers that feed them [1].

Yeniçağa Lake is located in Turkey, in the Western
Black Sea region (40° 47 N ', 32° 02 E '), and is located
976 meters above sea level. It is a shallow freshwater lake
with a small surface area. Yeniçağa is a tectonic lake [2,
3] and is situated in the middle of a depression, which is
10-12 km long and 2-4 km wide (Fig.1). The lake had
formed during the Quaternary period due to lateral
movements in the North Anatolian Fault zone. Geomorphologic analysis of the area suggested that the lake had
shrunk to its present size in Holocene obviously because
of the decline in recharge. Originally, the lake was 10 m
deeper and 3 times larger [4].
The present surface area is 1800 hectare and the lake
is mainly fed by stream and overland flows. Deliler at the
east and Kuzuviran at the west are the major streams
feeding the lake (Fig. 1). There is no surface outlet from
the lake. However, an artificial channel was built on the
Aşağıdere and operated between the years of 1965 and
1990 in order to control the overflowing from the lake.
Today this artificial channel was closed due to an excessive decrease of lake water level. Most of the land in the
catchment area is used for crop, sugar beet and potato
production and cattle raising. The Yeniçağa town, from
which most of the pollution originates, is located at the
south of the lake. Wastewater from homes, small sized
industries, slaughterhouses, and gas stations in the town
has been discharged into the lake until 1989 when a
wastewater treatment plant was built (S5 in Fig. 1). However, some of the sewers of the town are not connected to
the treatment plant and therefore still discharge into the
lake. Sewage waters from Hamzabey and Deliler villages
reach the lake over Kuzuviran and Deliler streams,
whereas the irrigation return waters from the surrounding
lands discharge into the lake via creeks and by groundwater seepage.
Prior to this study, in spite of the fluctuating environmental features together with the man-made changes
introduced into this ecosystem, no specific research has
been carried out on the limnology of Yeniçağa Lake. The
only existing available data on the lake based on an ornithological record [5]. Therefore, it is of particular impor-
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tance to obtain basic limnological data to understand the
hydrological and biological situation of the lake. The
objective of this study is to produce the basic limnological
data that are required for sustainable development plans
of the lake and its surroundings. Thus, physical and chemical characteristics of the lake and the dominant phytoplankton species have been investigated.

stations were distributed over the lake with special emphasize on the known surface water input zones (Fig. 1).
Temperature, dissolved oxygen, pH, conductivity and
transparency were measured in situ. Temperature and
dissolved oxygen were measured with a portable WTW
OXİ 96 STB/ B model oxygen meter. WTW LF 90 conductivity and Orion 230 A pH meters were used for respective measurements. A 20 cm diameter Secchi disc
was used for transparency measurements.
Water samples for chemical and photosynthetic pigment analyses were collected every two meters by using a
Lamotte Water Sampler. Water samples were collected in
an icebox and analyzed immediately after sampling. Chloride, calcium, magnesium and alkalinity were determined
by using titrimetric methods, whereas nitrite, nitrate, ammonia, orthophosphate and sulfate were determined by
spectrophotometry. Methods given in APHA [6] were used
in all analyses. Chlorophyll a was determined by a methanol method described in Marker [7]. Shimadzu UV-1201
spectrophotometer was used to determine absorbance.
Phytoplankton species were identified using an inverted
microscope according to Prescott [8], Lind and Brook [9],
Ettl et al. [10] and Kramer and Lange-Bertalot [11].
RESULTS

FIGURE 1- Map of study area and location
of sampling stations (S1, S2, S3, S4 and S5).

Physical and Chemical Variables

Seasonal and spatial fluctuations in the physical,
chemical and biological variables of the Yeniçağa Lake
are summarized in Tables 1-2 and Figures 2-5.

MATERIALS AND METHODS
Physical, chemical and biological data have been collected with monthly surveys that have been carried out in
five stations between October 1997 and August 1999. The

Yeniçağa is a shallow ecosystem and the measured
depths in the stations ranged between 1.9-5.2 m. Secchi
disk measurements ranged from 32 cm (March 1999) to
350 cm (November 1997) (Table 1).

TABLE 1
Temporal and spatial distribution of transparency (cm-1) in Yeniçağa Lake between October 1997 and August 1999.

October 97
November
December
April 98
May
June
August
October
March 99
April
May
June
July
August

S1
215
250
230
180
120
210
132
88
60
250
160
115
60
77

S2
180
250
237
180
87
175
187
102
60
205
185
112
62
55

387

S3
160
325
210
230
125
187
105
105
32
177
238
88
62
60

S4
185
350
180
200
80
130
85
130
35
105
230
42
60
55

S5
140
285
252
230
87
127
80
100
40
115
140
62
53
50
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FIGURE 2
Monthly changes of average value in some physico-chemical parameters of
Yeniçağa Lake in 1997-1999. A) Temperature B) Dissolved Oxygen C) pH D) Electrical Conductivity.
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FIGURE 3
Monthly changes of average value in some chemical parameters of Yeniçağa Lake
in 1997-1999. A) Chloride B) Sulfate C) Calcium D) Magnesium E) Bicarbonate.
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FIGURE 4
Monthly changes of average value in some chemical parameters of
Yeniçağa Lake in 1997-1999. A) Ammonia B) Nitrate C) Nitrite D) Ortophosphate.
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FIGURE 5
Monthly changes of average chlorophyll a in Yeniçağa Lake between October 1997 and August 1999.

The average water temperature varied markedly over
the observation period. Any apparent stratification was
determined, except in June 1998, when a slight stratification
with maximum amplitude of 7.8 °C was observed. During
the study period, the mean water temperature was the lowest
in December 1997 (3.3 °C) and the highest in August 1998
(25.1 °C). The surface and bottom temperatures fluctuated
between 3.4 and 25.1 °C and 3.8 and 24 °C, respectively
(Fig. 2a).
Dissolved oxygen fluctuated between 10.4 mg l -1
(April 1998) and 1.3 mg l–1 (June 1998). DO varied between 4.4 and 9.9 mg l-1 at the surface, and between 1.3
and 9.6 mg l-1 at the bottom. Vertical distribution of DO
was generally homogenous, but some variations from
the surface to the bottom were observed in June, August, September and October 1998 as well as in May
and August 1999 (Fig. 2b). The oxygen concentrations
declined in summer months because of the rise in water
temperature.
The pH was in alkaline region throughout the study
period, and in most cases it was higher than 8. The pH
ranged usually between 7.3 and 10.3, but values close to
neutral were also observed in some periods (Fig. 2c).
The vertical distribution of electrical conductivity
was generally homogeneous. The greatest difference
between surface and bottom was observed in June 1998
(63 µS cm-1). The maximum and minimum conductivity
values were determined as 520 µS cm-1 and 348 µS cm-1,
respectively (Fig. 2d).

The abundance of anions showed the sequence of bicarbonate > sulfate > chloride. However, the sequence
bicarbonate > chloride > sulfate was also observed between
April and August 1999. The predominant cations were the
calcium>magnesium during the study period. Bicarbonate
concentration ranged between 104 and 265 mg l-1 (Fig. 3e).
Carbonate was detected as 9 and 27 mg l-1 in March and
July 1999, respectively. Bicarbonate showed evident
decline in March, July and August 1999 when the phytoplankton bloom occurred. Although the concentrations of
chloride were somewhat constant throughout the period
of 1997-1998, an apparent increase was found after
March 1999 (Fig. 3a). Sulfate exhibited certain variations
during the study period and ranged between 15-30 mg l-1
(Fig. 3b). Magnesium and calcium had some irregular
seasonal changes. Especially calcium concentration declined sharply in August 1999 during the phytoplankton
bloom. In the whole study period, calcium varied between
25.2 -77.2 mg l-1 (Fig. 3c) and magnesium varied between
0.9-39.9 mg l-1 (Fig. 3d).
Ammonia showed little vertical variations from the
surface to bottom, but exhibited obvious seasonal variations. Ammonia varied from 0.12 to 1.54 mg l-1 during the
study period (Fig. 4a). The values over 1 mg l-1 were
observed in October, November 1997, May 1998 and
August 1999. Nitrate concentrations fluctuated in a wide
range of 0.01 mg l-1 and 8.61 mg l-1. Spatial and seasonal
distribution of nitrate was irregular (Fig. 4b). Nitrite
ranged between 0.001-0.573 mg l-1. The nitrite concentration was always determined to be lower than ammonia
and nitrate and (Fig. 4c).
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Orthophosphate ranged between 0.01-1.81 mg l-1. The
highest value was recorded in October 1997 and the lowest
value in December 1998. An evident decrease in orthophosphate concentrations was observed after October 1998.
The vertical distribution was generally homogeneous except for November 1997 and September 1998 (Fig. 4d).

tyosphaerium pulchellum. 3) March 1998 with Oscillatoria tenuis, Eudorina elegans and Sphaerocystis schroeteri. 4) The last and biggest one occurred in August 1999
with Anabaena spiroides and Aphanizomenon flos aquae
as the relatively most abundant species (Table 2).
DISCUSSION AND CONCLUSION

Dominant Phytoplankton Species and Chlorophyll a

A total of 23 dominant phytoplankton species were
identified: with 8 of them belonging to Cyanophyta, 8 to
Chlorophyta, 5 to Bacillariophyta, 1 to Dinophyta and 1 to
Euglenophyta. The relative contribution of the algal class
to the number of taxa varied during the study period, except Dinophyta and Euglenophyta, which were represented
only in August-September 1998 and June-July 1999. During the study period Cyanophyta were recorded almost at
every sampling.

The thermal structure of the Yeniçağa Lake was affected
by the climatic conditions, surface area of the lake, position of the basin and wind action. In general, shallow
lakes like Yeniçağa do not exhibit a permanent stratification, because of the limited water depth [12]. During the
study period, thermal stratification in the lake was observed only in June 1998 (Fig. 2a). This stratification with
thermocline starting at 2 m depth was characterized by a
metalimnetic gradient of 1.5-2.5 º C m-1 and a water column temperature range from 24.6 to 16.7 º C. Apart from
this observation, only minor thermal differences between
the surface and the bottom were observed during AprilOctober 1998 and March-April-May 1999 periods. This
was obviously an exceptional case for the Yeniçağa Lake.
Because of the frequent afternoon winds, high surface
area to depth ratio, well turbulence and the similarity
between the chemical composition of the lake and the inflowing waters the stratification in the lake was prevented.

The observed chlorophyll a concentrations are presented
in Figure 5. Chl a exhibited seasonal and vertical variation
with the averages between 2.26 and 124.49 mg m-3. Chl a
values peaked during four periods with the maximum phytoplankton density: 1) October 1997, with Coelasphaerium
naegalianum, Closterium microporum, C. lineatum and
Aulocosira granulata as the dominant phytoplankton
species. 2) October 1998 with Anabaena circinalis,
Aphanizomenon flos-aquae, Pandorina morum and Dic-

TABLE 2
Temporal distribution of most abundant phytoplankton species in Yeniçağa Lake between October 1997 and August 1999.
O
CYANOPHYTA
Coelasphaerium naegelianum
Aphanocapsa delicatissima
Aphanocapsa grevillei
Oscillatoria nigra
Oscillatoria tenuis
Anabaena circinalis
Anabaena spiroides
Aphanizomenon flos-aquae
CHLOROPHYTA
Closterium microporum
Closterium lineatum
Volvox aeraus
Haematococcus lacustris
Pandorina morum
Eudorina elegans
Sphaerocystis schroeteri
Dictyosphaerium pulchellum
BACILLARIOPHYTA
Fragillaria contruens
Fragillaria ulna
Gyrosigma spp.
Aulacosira granulata
Aulacosira italica
DINOPHYTA
Ceratium hirundinella
EUGLENOPHYTA
Trachelomonas volvocina

N

D

A

M

J

+

+
+

J

A
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O

N
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+

+

+

+

+

+
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J
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+
+

+
+

+
+
+
+

+

+
+
+

+
+

+

+

+
+

+

+
+

+
+

+

+

+
+

+

+

+

+
+
+
+
+
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+
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+

+
+
+

+
+

+
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According to OECD definition [13], secchi data in
the Yeniçağa Lake was generally found at eutrophic level,
although some of the values approached to hypertrophic
range. The minimum secchi depth observations coincided
with the algal bloom periods. In contrast, the maximum
were observed at the time of low algal density. These
observations suggested that the phytoplankton abundance
had a strong influence on the transparency, although the
effect of wind-induced sediment mixing was also apparent in the lake.
A significant correlation between the pH and organic
carbon is found in lakes [12]. pH of the carbonate rich
lakes are highly dependent on the photosynthetic activity
through the carbonate buffer system [14]. The alkaline
lake water shows a clear seasonal pH pattern with the
peak values occurring in during and following the phytoplankton bloom [15]. Moreover, Cyanophyta dominance
was shown to be favored when pH rises above 9 [16]. On
the contrary, collapse of Cyanophyta may be occurring by
the rise of pH to 11 [17]. In this regard, pH values as high
as 9-10 may be explained by the intense Cyanophyta activity in the Yeniçağa Lake (see also Table 2 and Figure 2c),
although the photosynthesis may not be the single most
effective factor for pH regulation in the lake. Accordingly, the neutral pH values, recorded during the warm
months, can be attributed to the biological degradation
under higher temperature conditions.
Conductivity in the Yeniçağa Lake did not generally
exhibit big changes throughout the year. However, slightly
lower conductivity values observed during algal blooms
might be related to biological removal of bicarbonate and
calcium [15].
Nutrient concentrations in the Yeniçağa Lake were
never too low to limit the phytoplankton growth directly.
Even though nitrate, nitrite and orthophosphate concentrations were very low during summer, ammonia had always
remained at a high level. Inorganic nitrogen in the lake
was generally recorded in the form of nitrate. Nitrate
showed a remarkable seasonality in the Yeniçağa Lake,
which resembles to the pattern commonly observed in
temperate lakes [12]. This seasonal pattern was usually
attributed to rising nitrate assimilation by algae. On the
other hand, denitrification is also an important process,
particularly in shallow eutrophic lakes where anaerobic
conditions prevail in summer [18]. This process might
have led to the low nitrate values in the Yeniçağa Lake
during spring and summer months.
The variations in orthophosphate seem to be related
to the changes in phytoplankton biomass in the Yeniçağa
Lake. Orthophosphate concentration showed an obvious
decline after October 1998, but slightly increased in
summer 1999. The depletion may be related to the intense
photosynthetic activity. It is also known that excessive
alkalinity favored the precipitation of phosphate [19].
Therefore, algal bloom in the Yeniçağa Lake might have
indirectly led to the increase in orthophosphate concentra-

tion because of the alkalinity decrease (e.g. in August
1999). In general, orthophosphate concentration in the
lake exceeded the OECD eutrophication limit [13].
The data presented here indicate that Lake Yeniçağa is
an ecosystem with conditions conducive to high productivity and the lake has a strong eutrophication potential. This is
also supported by the biological and the physical-chemical
indicators. Dominant phytoplankton composition is also
typical for the habitats affected by eutrophication. Cyanophyta, which have been considered as characteristic of eutrophic environments [20], and to be harmful for zooplankton and fish due to its released toxic substance [21], was
dominant approximately at every month in the Yeniçağa
Lake. Especially, certain blue-green algal species, Anabaena spp., Oscillatoria spp., Aphanizomenon flos- aquae,
which are commonly used as indicator organism for eutrophication [22], were found to be characteristic organism
in the different seasons in the Yeniçağa Lake.
The phytoplankton biomass can be related to the high
nutrient inputs, it obviously threatens the present ecosystem. The lake receives important nutrient inputs from different sources, primarily from the rivers (Deliler and
Kuzuviran, see Fig.1) and surrounding agricultural area.
The lake also receives pollution loading from station 5,
because the Yeniçağa town sewerage, in spite of passing
through wastewater treatment at this station, reaches into
the lake.
With regard to a lake’s ecological structure, healthy
ecosystem is characterized by small sized phytoplankton
(edible), high zooplankton biomasses, low phytoplankton
and microzooplankton biomasses [23]. If these criteria are
considered, Yeniçağa Lake can be certainly characterized
as a deteriorated ecosystem in the present condition, due
to the inedible Cyanophyta bloom, which is favored with
high temperature-nutrient. In addition, seasonal zooplankton collapses was observed especially in the second half
of the study. Phytoplankton size and abundance is not a
favorable support for high zooplankton biomass due to
domination of filamentous inedible algae [24].
The seasonal patterns observed in this study have a
number of implications for the future works, which will
require for sustainable development plans of the lake and
its surroundings. It has to be recognized that high nutrient
loading is potentially a risk on the food chain in the present
condition. It is suggested that a continuous monitoring
programme should be designed for the lake and discharges
of waste from the catchment area must be restricted.

ACKNOWLEDGEMENTS
This study is part of a PhD thesis funded partially by
the State Planning Organization of Turkey and by the
Scientific and Technical Research Council of Turkey
under project YDAP-CAG: 198Y004. The authors would
like to thank also to Professor Fusun Erk’akan and Assoc.

393

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

Prof. Guler Ekmekci for the permission to use the water
quality laboratory. The authors gratefully acknowledge
the assistance of Dr. Sabri Kılınc in identifying phytoplankton species. We sincerely thank the anonymous
referee(s) for their constructive comments and suggestions to improve the manuscript.

[16] Shapiro, J. (1990) Current beliefs regarding dominance by
blue-greens: The case for the importance of CO2 and pH.
Verh. Int. Ver. Limnol. 24: 38-54.
[17] Olrick, K. and Nauwerck, A. (1993) Stress and disturbance in
the phytoplankton community of a shallow, hypertrophic
lake. Hydrobiologia, 249: 15-24.

REFERENCES
[1]

Anonymous (1993) Wetlands of Turkey. Turkey Environment Proficient Publications.

[2]

Lahn, E. (1948) A Research About Geology and Geomorphology of Lakes in Turkey. MTA Arama Yayınları. Seri B,
No:12 (in Turkish) 87pp.

[3]

Erinç, S., Bilgin, T. and Bener, M. (1962) Çağa Depression
and its passage. İ.Ü. Coğrafya Enstitüsü Dergisi, 7(12): 170173 (in Turkish).

[4]

Pekcan, N. (1996) Geomorphologic formation and development of Yeniçağa Depression (Bolu). İ.Ü. Coğrafya Bölümü
Coğrafya Dergisi, 4:113-122 (in Turkish).

[5]

Ertan, A., Kılıç, A., and Kasparek, M. (1989) Important Birds
Habitat of Turkey. Doğal Hayatı Koruma Derneği Yayını. (in
Turkish) 156 pp.

[6]

APHA (1985) American Public Health Association, American
Water Works Association and Water Pollution Control Federation. Standard Methods for the Examination of Water and
Waste Water. 18th edition. Washington D.C., USA, 1268 pp.

[7]

Trihonis (central western Greece). I. The physical and chemical environment. Hydrobiologia. 344: 129-139.

Marker, A.F.H. (1994) Chlorophyll a SCA Method Revision.
Natural Environmental Council PR/395/3/A. 64 pp.

[8]

Prescott, G.W. (1982) Algae of the Western Great Lakes Area. 5th edition, W.M.C. Brown Comp. Pub., Dubuque, Iowa.

[9]

Lind, E.A. and Brook, A.J. (1980) Desmids of the English
Lake District, Freshwater Biological Association Scientific
Publication, No: 42.

[18] Jensen, J. P., Jeppesen, E., Kristensen, P., Christensen, P.B.,
and Søndergaad, M. (1992) Nitrogen loss and denitrification
as studied in relation to reductions in nitrogen loading in a
shallow hypertrophic lake: Lake Søbygaard, Denmark. Inv.
Revue. Ges. Hydrobiol. 77: 29-42.
[19] Rodrigo, M.A., Vincente, E., and Miracle, M.R. (2000) The
physical, chemical and biological characteristics of the holomictic sulphated Lake Arcas-2 (Cuenca, Spain). Hydrobiologia, 418: 153-168.
[20] Huszar, V.L., Silva, L.H.S., Domingos, P., Merinho, M., and
Melo, S. (1998) Phytoplankton species composition is more
sensitive than OECD criteria to the trophic status of three
Brazilian tropical lakes. Hydrobiologia, 369/370: 59-71.
[21] Mayer, J., Dokulil, M.T., Salbrechter, M., Berger, M., Posch,
M., Pfister, T., Kirschner G., Velimorow, A.K.T., Steitz, B.,
and Ulbricht, T. (1997) Seasonal succesion and trophic relations between phytoplankton, zooplankton, ciliate and bacteria in a hypertrofic shallow lake in Vienne, Austria. Hydrobiologia, 342/343: 165-174.
[22] Hutchinson, G.E. (1957) A Treatise on Limnology, Vol. 2.
Introduction to lake biology and the limnoplankton. New
York.
[23] Xu, F.L., Tao, S., Dawson, R.W., Li, P.G., and Cao, J. (2001)
Lake ecosystem health assessment: indicators and methods.
Water Research 35(13): 3157-3167.
[24] Saygı (Basbug) Y. (2000) Some Limnological Characteristics
of Yeniçağa Lake (Bolu); Primary and Secondary Productivity. PhD Thesis, Hacettepe University, Institute of Pure and
Applied Sciences, Ankara, 132 pp.

[10] Ettl, H., Gerloff, J., Heynig, H., and Mollenhauer, D. (1983)
Süßwasserflora von Mitteleuropa. Chlorophyta (Phytomonadina), Gustav Fischer Verlag, Stuttgart.
[11] Krammer, K. and Lange-Bertalot, H. (1991) Süßwasserflora
von Mitteleuropa. Bacillariophyceae, Band 2/3, 3. Tiel: Centrales, Fragillariaceae, Eunotiaceae. Gustav Fischer Verlag,
Stuttgart.
Received: May 05, 2003
Revised: December 03, 2003
Accepted: February 18, 2004

[12] Wetzel, R.G. (1983) Limnology. 2nd Edition. New York. 767 pp.
[13] OECD (1982) Eutrophication of Waters: Monitoring, Assessment and Control. Technical Report, Environmental Directorate, OECD, Paris. 147 pp.
[14] Moss, B. (1980) Ecology of Fresh Waters. Blackwell Scientific Publications. Oxford.
[15] Tafas, T., Danielidis, D., Overback, J. and Economou-Amilli,
A. (1997) Limnological survey of the warm monomictic lake

394

CORRESPONDING AUTHOR
Yasemin Saygı-Başbuğ
Hacettepe University
Faculty of Science, Department of Biology
06532 Beytepe, Ankara-TURKEY

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

e-mail: basbug@hacettepe.edu.tr
FEB/ Vol 13/ No 5/ 2004 – pages 385 - 393

395

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

PRELIMINARY INVESTIGATIONS ON THE LEVELS OF
VOLATILE ORGANIC COMPOUNDS IN AIR SAMPLES BY THERMAL
DESORPTION - GAS CHROMATOGRAPHY IN BURSA, TURKEY
Naciye Kılıç, Elif Tan and Şeref Güçer
University of Uludağ, Art and Science Faculty, Chemistry Department, 16059 Bursa, Turkey

SUMMARY
Air pollution problems in big cities with crowded
traffic are obvious and exhaust fumes from motor vehicles
are the main pollutants in urban cites. Benzene, toluene,
ethlybenzene and xylene (o-, m-, p-), but especially benzene because of its carcinogenic effect, should be monitored to take the necessary actions. In this research, atmospheric concentrations of benzene, toluene and xylenes
have been analysed with tube-type thermally desorbable
samplers and thermal desorption - gas chromatography.
Different locations have been chosen for measuring the
VOC levels in Bursa. This study is a preliminary investigation as a part of a strategy for air monitoring.

KEYWORDS: Volatile organic compounds (VOCs), air monitoring, thermal desorption, gas chromatography.

INTRODUCTION
Many of the volatile organic compounds are precursors
of photochemical oxidant pollution and some contribute to
global warming by causing ozone depletion. In addition to
these indirect mechanisms, organic compounds may have
important effects on human health through direct mechanisms. The important effects of VOCs can be given as
stratospheric ozone depletion, ground level photochemical
ozone formation, toxic and carcinogenic health effects,
global greenhouse effects and persistence in biotic and
abiotic components of the ecosystem. VOCs, as a class,
react with NOx in the presence of sunlight to produce a
range of secondary products, including ozone and peroxyacetyl nitrate (PAN). The role of VOCs in toxic and carcinogenic health effects may be caused by a direct mechanism. There is a growing concern, particularly on those
organic compounds, which could induce cancer in the
human population. Special measurement methodologies
are focus on some aromatic compounds like benzene and
1,3-butadiene, which are known as carcinogens.

Motor vehicle exhaust is one of the sources of volatile organic compounds present in the atmosphere. The
petroleum exhaust is a complicated mixture of straightchain alkanes and aromatic heterocyclic compounds.
Some of these mixture components have mutagenic, carcinogenic and/or teratogenic effects.
The results of a biological monitoring study have
shown that there is an increase in chromosomal aberrations in personnel exposed to petroleum exhaust fumes
(vapor and smoke at automobile workshops) [1]. The
biological effects of exposure to pollutants from automobile exhaust have been studied in an exposed group of
traffic policemen over an exposure period of ten years and
a control group of policemen trainees not exposed. It was
found that chromosomal aberrations were significantly
higher among the traffic policemen compared to the control
group [2]. It had also been demonstrated that in individuals
occupationally exposed to vehicle exhaust fumes, such as
truck drivers, filling station attendants and garage bus
workers, there is an increased risk of lung cancer [3-5].
The ambient air levels of the aromatic carcinogens
like benzene have recently increased in the atmosphere of
cities as a consequence of producing lead-free petrol,
which often involves increasing content od aromatics.
The most widely used analytical method for the study
of VOCs is sampling onto adsorbents and subsequent thermal desorption of trapped compounds onto a capillary gas
chromatographic column and detection using generally GCFID and/or GC/MS analysis [6, 7]. Long-term diffusive
sampling for one to four weeks sampling periods is costeffective and easy to apply for measuring ambient VOC
levels provided with appropriate uptake rates [8]. Recent
cost-effective developments in monitoring environmental
air quality are the measurements of annual average concentrations and passive sampling of VOCs using adsorbent
tubes for long-term exposure periods (1-4 weeks), but
appropriate uptake rates should be determined prior to the
sampling.
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The aim of this study was to investigate the levels of
volatile organic compounds, which have carcinogenic
effects and were mainly traffic-originated and, therefore,
dense-traffic locations were chosen as sampling sites. For
comparison the university campus was chosen as a road
with little traffic.
MATERIALS AND METHODS

Identification of Analytes and Calibration

Individual analytes in the samples were identified by
their retention times on two columns with different polarities (BP1 and BP10) using the ATI Unicam 610 Model GC
with Tekmar AEROTrap 6000 thermal desorption cold trap
injector and FID. A three-level external calibration of the
analytes of interest was carried out by spiking the adsorption tubes in a flowing stream of nitrogen with a multicomponent standard mixture made up in methanol.

Sampling Strategy

Sampling was performed by drawing air through Tenax TApacked adsorbent tubes with a flow rate of 27 ml/min and a
sampling time of 8 hours (1000 to 1800). The total sampling volume was 13 L and the breakthrough of the compounds was checked by using back-up tubes connected to
sampling tubes. Three adsorbent tubes were used for each
sampling. The adsorbent tubes were conditioned and kept
in the refrigerator in capped vials in glass containers before and after each sampling.
Instrumentation and Analytical Parameters

ATI Unicam 610 Model gas chromatograph fitted
with Tekmar AEROTrap 6000 thermal desorption cold
trap injector and FID was used for the subsequent analysis
of the collected samples.
Automatic Thermal Desorber Parameters

Desorption time: 10 min, desorption temperature:
250 ºC (for Tenax TA trap hold: 4 min, trap high 250 ºC,
trap low -100 ºC, split injection, split ratio 3.8 (24.8% for
GC analysis).
GC Conditions

Column: 25 m x 0.3 mm x1.0 µm polydimethylsiloxane WCOT capillary column; carrier gas N2; temperature
program: column temperature held for 2 min at 40 °C,
then increased at 10 °C/min to 200 °C and held for 5 min.

RESULTS AND DISCUSSION
Air samples taken from different locations were
found to contain a wide variety of medium to high boiling
compounds. The group of compounds known as BTEX
(benzene, toluene, ethylbenzene and xylenes) is found in
vehicle exhaust emissions and important in monitoring
the pollution due to traffic fumes. Daytime atmospheric
concentrations of benzene, toluene, m/p xylene and
TVOCs for 8-hour sampling periods are given in Table 1.
The results of this study give information about magnitudes of the daytime atmospheric concentrations of the
compounds of interests at different sites in an urban area.
The measured atmospheric concentrations are compared with those of the compounds of interests in the atmosphere of some other cities around the world (Table 2).
Bursa is a big and crowded industrial city and has
many important historical and touristic sites. Most of the
industrial units are located in the north of the city center.
The Mountain Uludağ (2543 m) surrounds the city in the
south. Traffic is always dense in the city center and air
pollution problem, especially in winter, is important.
Environmental VOC concentrations measured in Bursa
were found to be comparable with those of some other
cities around the world (Table 2).

TABLE 1
Atmospheric concentrations of compounds for 8-hour sampling period.

Month

November

December

January

(ppb ± sd)

Campus

City center

benzene
toluene
m/p-xylene
TVOCs
benzene
toluene
m/p-xylene
TVOCs
benzene
toluene
m/p-xylene
TVOCs

2.2±0.9
1.1±0.01
0.6±0.5
23±4.2
4.2±0.5
2.5±0.3
1.2±0.2
45±5.1

3.5±1.8
2.1± 1.6
0.6±0.5
68±2.2
5.0±1.6
2.7±0.5
1.7±0.7
69±3.4
8.3±0.8
5.1±0,5
2.4±2.4
124±26.1

TVOCs = total volatile organic compounds
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Underground
car park
1.5±0.8
1.7±0.9
1.1±0.4
59±12.7
6.3±0.8
5.2±1.0
2.1±0.2
385±62.3
9.4±2.1
7.4±1.2
3.0±0.5
461±100

Car park

Petrol station

4.2±0.7
3.9±1.3
1.3±0.7
193±6.6
5.8±1.8
6.3±1.5
2.8±1.4
209±12.0
7.6±1.9
7.6±2.1
3.4±1.4
358±50.8

4.9±0.1
1.6±0.3
0.7±0.2
91±10.7
0.8±0.5
0.4±0.1
0.3±0.2
640±824
7.1±1.1
6.7±1.5
2.4±1.2
216.5±129

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

TABLE 2
VOC concentrations (ppb) in the air of Bursa and some other cities around the world.

VOCs
benzene
toluene
m,p-xylene
a

Seoul a US cities a Athens a Rome a Taipei a
2
10
2.6

1.6
2.3
2.5

5
14.3
15.8

11.1
15.6
10.3

3.4
7.2
3.9

Paris a

Izmir a

Berlin b

1.9-5 0.3-11.1
6.4-15.2 0.1-26.9
2.8-7.1 0.1-28.2

2.8
3.5
1.5

Rio de
Janerio c
1.5-11.3
-

Bursa
0.8-9.4
1.1-7.6
0.3-3.4

A. Müezzinoğlu et al. (2001) [9] ; b Tolnai et. al. (2000) [10]; c Fernandes et. al. (2002) [11]

This research showed that the highest pollutant concentrations were measured in underground car parks, while the
lowest were at the university campus. VOC levels measured
at car parks were found to be three times higher than that in
underground car parks in November, while they are comparable for December and January. City center VOC levels are
twice as high as those of the quite road VOC levels at the
campus.
The traces obtained for samples from different locations
were almost the same, but levels of VOCs change depending on the location. As predicted, car parks and the city
center had the highest pollutant concentrations.
Benzene, toluene and xylenes are mainly trafficoriginated pollutants. Therefore, their environmental concentrations should show a correlation. The ratio of means
(concentrations relative to benzene, from three measurements) were 1:1, 1:0.6 at underground car parks, 1:1, 2:0.6
for car parks, 1:0, 7:0.4 for the petrol station, 1:0, 6:0.3 for
the campus and 1:0, 7:0.2 for the city centre. These results
show that benzene, toluene and xylenes in car parks are
definitely traffic-originated and can be compared reasonably
well with a pilot world survey, in which the ratio of means
(concentrations relative to benzene, from four measurements) were 1:1, 5:0.8 in Denmark and 1:1, 8:1.1 in the
USA [12]. Correlations between benzene, toluene and xylenes were weak at three sampling locations, namely petrol
station, campus and city center. This could be due to different reactivities of the VOCs in the atmosphere. The reactivities of toluene and xylenes in the atmosphere are higher than
that of benzene, possibly due to some other sources.

This method could be successfully used to collect air
samples from different locations and then to analyse them
in a laboratory for preliminary investigations on the levels
of VOCs. Passive sampling using 2-4 weeks long-term
sampling periods and Tenax TA as adsorbent will be costeffective and easy to measure the annual average concentrations of VOCs in urban cities.
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Active sampling using Tenax TA adsorbent tubes for
8-hour sampling periods has proven to be sufficient to
concentrate benzene, toluene and xylene present in environmental air and to give daytime average concentrations at
ppbv level. Air was drawn through the adsorbent trap with
27 ml/min flow rate, which was high enough to prevent
diffusion errors. The total sample volume was 13 L and
safe, because no breakthrough of benzene, toluene and
xylenes was observed. Also desorption time and temperature were optimal for quantitative desorption of the compounds adsorbed. The standard deviations were due to sample variations. The sample tubes should have better protection against weather conditions. In addition, it must be provided that sampling directions are the same for the replicate
tubes and does not change during sampling period.
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SUMMARY
Comprehensive sets of soil characteristics were examined to determine the effect of soil texture on the
transport of nitrate to groundwater. A single column ion
chromatography (SCIC) was used to determine the nitrate,
chloride and sulphate in groundwater. Analyzed results
and the maps produced showed that groundwater (GW)
level, topography and distance to the drainage canal affected GW quality in all the parameters considered. An
inverse relationship was observed between clay content of
soil and nitrate content.

KEYWORDS:
Soil texture, groundwater, topography, nitrate, chloride, sulphate.

which has a very large adsorbing capacity for both organic and inorganic compounds, but not nitrate [7].
The Lower Seyhan Plain (LSP), one of the earliest and
biggest irrigation project sites in Turkey, has been intensively cultivated for four decades. Variations in the groundwater
(GW) levels and groundwater salinity (GWS) have been
observed by constructing groundwater observation wells
(GWOW). Intensive farming (two crops per year with
frequent use of inorganic fertilizers) can cause GW contamination in the area. Thus, the objective of this study is
to determine the nitrate content of the GWOW, to evaluate the effects of soil texture, drainage, topography, irrigation and precipitation on nitrate leaching and to show the
extent of any areal changes over a growing season in a
selected area (about 2200 ha) of the LSP.

INTRODUCTION

MATERIALS AND METHODS

Nitrate contamination of groundwater is a common
water quality problem. Nitrate is soluble in water and can
easily move through soil via macropores to the groundwater table. Nitrate is a common component in the human
diet and can become toxic at levels higher than the allowed level in food. The typical nitrate dose for adults is
~75mg day-1 [1]. According to Mirvish [2], nitrate is
lethal in doses > 4 g. Nitrates reduce the ability of the
blood to carry oxygen [3, 4]. For this reason, the U.S.
Environmental Protection Agency (USEPA) has established a drinking-water standard of 10 mg l-1 nitrate nitrogen [5]. Nitrate concentrations in natural groundwaters
are usually less than 2 mg l-1 [6].
Soils vary tremendously in their adsorption or filtering capacity. An understanding of soil characteristics
is essential in assessing the potential for groundwater
contamination. These characteristics are: soil depth to
groundwater (shallow soil can absorb only small amounts
of pollutants); soil texture (water drain rapidly in sandy
soils, but not in the clay soils); soil organic matter content,

The study area was selected to provide a variety of
soil textures, a range of groundwater levels and wide
spread groundwater observation wells. A site of 2200 ha
with a series of complex soils was selected for the study.
The study area, consisting of the Tarsusonkoy Water
Users Association of the Lower Seyhan Plain (the southern part of Turkey), is located between Tarsus town and
Adana province, and is surrounded by the main drainage
canal and unto Berdan River (Figure 1).
The area has 19 groundwater observation wells. Water samples were taken three times in 2002. The first sampling time was March. Most of the crops cultivated in the
area are planted in this month. The second sampling was
done in July (the most intensive irrigation month) and the
third one was done in October. Wells were sampled using
polyvinyl chloride (PVC) bailers. Bailers were rinsed with
distilled water to prevent a contamination between samplings. Water samples were stored in 500-ml polyethylene
bottles and kept refrigerated at 4 °C until analysis within
7 days of sampling.
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River Berdan
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Legend
Groundwater observation wells
Bottomland soils (Arıklı and Arpacı series)
Bottomland soil (Mürsel series)
River terrace soils (Çanakçı and Oymaklı series)
Delta soils (Helvacı and Gemisüre series)
Village
FIGURE 1 - Study area and the soils.

The samples were filtered through a 0.20-µm membrane NC 20 filter (Schleicher & Schuell) and introduced
directly into the HPLC injector port. Single column ion
chromatographic (SCIC) equipment consisted of a Shimadzu model LC-10ADVP liquid chromatograph, a
CDD-6A conductivity detector, a Shimpack IC-A1 anion
exchange column and a Shimpack IC-G1 guard column.
The mobile phase at pH 4.0 consisted of 2.5 mM phthalic
acid and 2.5 mM Tris.
Descriptive statistical analysis of the data was performed according to Ott [8]. ANOVA test was used to test
a hypothesis, which explains that three or more samples are
drawn from the populations having equal variances [9].
Each value of the chloride, nitrate and sulphate in July was
respectively subtracted both from the values in March and
in October. Therefore, two variables were identified.

RESULTS
The study area soils were classified in three different
geographic units of LSP: river terrace soil, bottomland
soil and delta soil [10]. Seven major soil series were distinguished: Mursel, Arıklı, Arpacı, Çanakçı, Oymaklı,
Helvacı and Gemisüre. These soil series were grouped
based on their geographic units and some soil characteristics. Some physical and chemical soil characteristics and
classes of soil series are given in Table 1.
The river terrace soils (Çanakçı and Oymaklı series)
covering the bank of the Berdan River have a medium to
coarse texture and good drainage. The bottomland soils
(Arıklı - Arpacı and Mürsel series) are the most wide
spread soils in the area. Permeability of these soils depends
on the clay content. The delta soils have predominantly
smectite and contain some kaolinite and illite. The topography of the area is nearly flat; the slope is 0.5 to 2% [11].
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TABLE 1 - Some physico-chemical properties and classes of soil series [10].
Soil
series

Soil Taxonomy

Mursel
(BLS)
Arpacı
(BLS)
Arıklı
(BLS)
Canakcı
(RTS)
Oymaklı
(RTS)
Helvacı
(DS)
Gemisüre
(DS)

FAO
Calcic
Cambisol
Calcaric
Fluvisol
Chromic
Vertisol
Calcaric
Fluvisol
Calcaric
Fluvisol
Gleyic
Solonc.
Chromic
Vertisol

Fluventic Xerochept
Aquic Xerofluvent
Entic Chromexerert
Typic Xerofluvent
Typic Xerofluvent
Vertic Haloquept
Typic Chromoxerert

Type of Clay

Text*

Structure

CEC

CaCO3 (%)

Clay
(%)

Smectite

Kaoline

Illite

SiCL

Massive

20-25

15-30

25-43

+++

++

-

C

Massive

18

16-26

48-64

+++

++

+

C

Massive

31-35

23-28

62-67

+++

+++

-

SiL

Subang.
block

13-22

14-22

22-35

+++

++

+

L-LS

Massive

8-20

18-25

13-28

+++

++

+

C

Massive

27-32

18-24

65-74

+++

++

++

C

Massive

36-39

21-23

72-77

+++

++

+

BLS: Bottom Land Soil, RTS: River Terrace Soil, DS: Delta Soil
*Texture: Clay (C); Loam (L); Sand (S); Silt (Si)
+++ =Dominant

The land use types (LUTs) in 2002 and amount of N
fertilizers used in the area are given in Table 2.
TABLE 2 - LUTs and the amount of N fertilizers.
LUT
Wheat
Legumes
Watermelon
Cotton
Peanut
Corn
Citrus Sapling
Citrus
Vegetables
Wheat/Corn
Total

Area (da)

%

2370
800
482
1186
330
11886
286
682
458
3520
22000

10.8
3.6
2.2
5.4
1.5
54.0
1.3
3.1
2.1
16.0
100.0

Average N
(kg da-1)
18
10
14
25
10
19
18
25
13
18/15

Total N
(kg)
42660
8000
6748
29650
3300
225834
5148
17050
5954
116160
460504

LUT = Land Utilization Type

These soils have higher groundwater levels and lower
below ground levels. The GWOW (numbers 520 and 524)
in the delta soils had the highest clay content and contained less contaminants due to clay mineral adsorption
and absorption properties. The dominant clay mineral in
the area (Table 1) is smectite. Thus, the ammonium is
adsorbed on the clay as well as between clay layers. The
adsorption and absorption ratios are maximum in delta
soils and decreasing from bottomland soil to river terrace
soils. GWOW in the delta soils number 519 had the highest concentrations. This well is located in a depression
and its depth is 3.58 m. The average depth in the area is
7.08 m. The well numbers 481 and 484 are near to a
drainage channel, which affects these wells. Descriptive
statistical analysis for chloride, nitrate, sulphate were
performed (Table 3).
Table 3 shows clearly that the mean values of Cl- and
SO4 decreased from October to July, whereas NO3- tended to increase in March and then decrease in July. This is
due to the fact that March is the planting time for most
crops, so that the compost fertilizers were being used
largely in this period. Reduction of Cl- and SO4-2 contents
of soil could be explained as due to the effects of precipitation and irrigation, which results in salinity of the
groundwater. Standard deviation (SD) decreased for almost all parameters from October to July, however, the
coefficient of variation (CV) showed both decreasing and
increasing values during this period. The decrease in CV
manifests clearly the fact that the alternation in the mean
value is greater than the alternation in SD.
-2

Table 2 shows that maize was the major LUT followed by alternating wheat and corn and wheat. Ammonium nitrate, ammonium sulphate and urea fertilizers (2020-0) were used as a N source in the area.
Analyzed data of nitrate, chloride and sulphate in the
GW (from 19 GWOW) were grouped based on the geographic units and some soil characteristics. These groups
were Arıklı and Arpacı series (the numbers of GWOWs in
this unit are 481, 484, 489, 493, 519, 522, 523, 539 and
544), Mürsel series (476, 496 and 535), Çanakçı and
Oymaklı series (470, 511, 516, 542 and 548) and Helvacı
and Gemisüre series (520 and 524). Figure 2 shows the
variation in nitrate, chloride and sulphate in the three
different sampling periods.
As can be seen in Figure 2, the bottomland soils
(Arıklı and Arpacı series) had a higher amount of contaminants compared to river terrace soils and delta soils.

The changes in variances of data sets in October,
March and July for three parameters were tested. Test
results showed that the changes in the variances of all
variables were non-significant at the significance levels of
5%, 1% and 0.1% (Table 4). This situation might be
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tion among nitrate, chloride and sulphate in the three
periods were variable. The r2 was found most significant
(>0.85) between Cl- and SO4-2 in the three periods; r2
between Cl- and NO3-: 0.61, 0.45 and 0.42; and that between SO4-2 and NO3-: 0.84, 0.67 and 0.48, respectively.
Also, there were relationships between ECe and Cl-; ECe
and SO4-2, but no significant relationships between ECe
and NO3- and GW levels in July.

524

J uly	
  (CL )

520

548

Marc h	
  (CL )

542

516

470

544

539

523

522

519

493

489

484

511

Oc tober	
  (CL )

1000
800
600
400
200
0

481

mg/l

a)

535

The relationships among chloride, nitrate, sulphate,
ECe and groundwater levels are presented in Table 5. Positive relationships have been observed among the parameters. Coefficients of determination of regression (r2) equa-

496

caused by activities in the area during the testing period,
from October to July, which disturbed the homogeneous
structure of the variates.

476
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FIGURE 2 - Variations of parameter in groundwater: a) chloride;
b) sulphate; c) nitrate; d) Conductivity of Saturated Extracts (ECe).
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TABLE 3 - Descriptive statistic analysis of data sets in October, March and July.

Chloride

Nitrate

Sample
statistics

October

March

July

Mean

137.67

105.24

81.77

7.70

Median

26.96

40.30

35.47

0.01

SD

235.38

153.68

159.04

Variance

55404.92

23617.40

Kurtosis

4.60

5.90

Skewness

2.32

Range
Min
Max
CV %

October March

Sulphate
July

October

March

July

11.30

6.01

262.16

225.24

193.85

4.27

0.01

55.85

75.83

54.09

29.17

20.26

11.87

477.87

466.00

464.69

25294.64

850.79

410.43 140.86 228356.09

217158.36

215936.38

15.45

18.66

4.81

3.76

8.36

17.05

17.70

2.41

3.82

4.31

2.35

2.17

2.86

4.05

4.15

803.18

593.40

706.30

127.68

69.22

40.57

1894.13

2079.92

2065.27

10.61

11.10

4.42

0.01

0.01

0.01

18.71

26.48

19.03

813.79

604.50

710.72

127.69

69.23

40.58

1912.84

2106.40

2084.30

171

146

194

379

179

198

182

207

240

SD = Standard Deviation; CV = Coefficient of variation

TABLE 4 - ANOVA Test results for equality of variance.

Source of
variance
Between class
Within class
Between class
Within class
Between class
Within class

NO3ClSO4-2

SS

df

MS

F

P-value

278.07

2

139.035

0.297

0.744

25237.47

54

467.361
0.430

0.652

29936.037

14968

1877705.2

34772.3

44426.014

22213

11906115

220484

F critic (α=0.05) (α=0.01)
3.168

(α=0.001)

5.021

7.872

5.021

7.872

5.021

7.872

Accepted
3.168
Accepted
0.101

0.904

3.168
Accepted

TABLE 5 - The linear correlation of coefficient between Cl-, SO4-2, NO3-, ECe and GW.

Sampling period
and parameters
ClOctober
NO3SO4-2
ClMarch
NO3SO4-2
ClJuly
NO3SO4-2
ECe
GW

Cl-

October
NO3-

SO4-2

Cl-

0.61*
0.93*** 0.84**
0.59*
0.77** 0.75**
0.35
0.70**
0.53*
0.45
0.58* 0.97*** 0.82** 0.85***
0.61* 0.95*** 0.82** 0.83**
0.30
0.51*
0.40
0.25
0.63* 0.99*** 0.85*** 0.75**

March
NO3-

0.67**
0.69**
0.32
0.74**

***,**, *: P<0.01; ECe = Conductivity of Saturated Extracts; GW = Groundwater
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SO4-2

Cl-

0.96***
0.41
0.42
0.95*** 0.94***
0.80**
0.19

July
NO3SO4-2

ECe

0.48
0.24
0.24

0.06

0.75**
0.10
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a)

b)

4085000

180

4084000

160
4083000
140

120

4082000

100
4081000
80

4080000

60

4079000
673000.00

674000.00
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FIGURE 3 - Extent of areal changes: a) GW level, b) ECe, c) Cl- (M-J), d) Cl- (J-O), e) NO3- (M-J),
f) NO3- (J-O), g) SO4-2 (M-J), h) SO4-2 (J-O); (M=March; J=July; O=October; for further abbreviations see Tables 3-5).

The aforementioned results of classical statistics do
not indicate areal changes over the area. Thus, the data for
nitrate, chloride and sulphate were grouped. The data of
July was first subtracted from that of March and then
from that of October resulting in two data sets. These
were divided into grids by the method of inverse distance
to a power 2. These grids are used to visualizing the areal
changes, as shown in Figure 3.

DISCUSSION
In the area, long-term annual precipitation is about
618.4 mm and a mean of 53% of this precipitation occurs in
the winter season. Thus, the farmers need to irrigate all
kinds of crops (except wheat in some years) owing to the
lack of precipitation between April and October. The Nfertilizer used in the area was calculated at 460504 kg year-1
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and this value was 25% higher than that of Ülgen and
Yurtsever [12]. The analyzed results showed that the GW
level, the topography (especially local depressions just as
the well number 519) and the distance to the drainage
canals affected the GW quality in all the considered parameters. On the other hand, soil texture, especially heavy
clay soils (Gemisüre and Helvacı series soils), affected
GW nitrate contamination positively. The GW in this area
has little contamination. Chloride and sulphate varied
depending on the irrigation and precipitation. Nitrate
increased in the cultivation period due to intensive use of
compost fertilizer [13]. The ANOVA variance test
showed that the changes in the variances of all variables
are non-significant at the levels of 5%, 1% and 0.1%.
Correlation coefficient was found to be most significant
(> 0.85) between chloride and sulphate; but also chloride
and nitrate: 0.61, 0.45 and 0.42; sulphate and nitrate: 0.84,
0.67 and 0.48. Areal extent maps illustrated that all parameters tended to increase from March to October.
CONCLUSIONS
The analysis provides evidence that agriculture does
play a significant role in the nitrate contamination of
groundwater in LSP. Nitrate was transported to groundwater from the surface and through the unsaturated zone
during infiltration events. Nitrate leaching was most
likely to happen in areas of (a) intensive cropping of
corn, potatoes, and other special crops, such as vegetables and fruit, where large amounts of nitrogen are often
applied, (b) intensive livestock operations, where the
amount of manure being applied to soil may provide
nitrogen in excess of crop needs, (c) where irrigation is
practised, because of the increased potential for downward movement of water; receiving heavy rainfall, especially in the spring or fall when water and nutrient uptake
by the crops is low, (d) where methods and timing of
nitrogen application have not been adjusted to match
crop needs, (e) where soil is highly permeable (e.g.,
sandy soils or fine soils with cracks, worm holes, and
root channels), and has little ability to bind chemical
compounds, or both. As a consequence the N surpluses in
South Turkey agriculture have risen continuously. It can
be expected that in the near future nitrate concentration
in the groundwater will make it unsuitable for use as
drinking water. Therefore, a major reduction in the agricultural N surplus is absolutely necessary.
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POPULATION SIZE, REPRODUCTIVE ECOLOGY
AND HEAVY METAL LEVELS IN EGGSHELLS OF
THE NILE SOFT-SHELL TURTLE (Trionyx triunguis) AROUND
THERMAL LAKE KÜKÜRTLÜ (SULPHUROUS), MUĞLA-TURKEY
Müge Gidiş and Yakup Kaska
Pamukkale University, Faculty of Arts and Science, Department of Biology, Denizli-Turkey

SUMMARY
The distribution of adult turtles and the environmental conditions influencing hatching success and nesting of
the Nile soft-shell turtle (Trionyx triunguis) around Lake
Sulphurous in Muğla, Turkey were investigated. A total
of 77 emergences of nesting females were recorded with
only 22 (28.57 %) of them resulting in nests and their
incubation periods have been studied. The adult emergences occurred from May to mid July. The hatching
success of these nests was 69%, 20% of the eggs were
predated and 11% were recorded as infertile and dead in
shell embryos. The incubation periods lasted between 5556 days. The heavy metal concentrations of the eggshells
were analysed and the mean concentrations in µg g-1 were
recorded as 26.95 for Fe, 6.35 for Ni, 2.607 for Cr, 0.98
for Cu and 0.19 for Cd. The concentrations of Pb in eggshells were below the detection limit. The population
sizes as well as preventive measures to protect this critically endangered species to survive were discussed.

KEYWORDS: Trionyx triunguis, Lake Sulphurous, nest, eggshells, ecology, heavy metals.

INTRODUCTION
The Nile soft-shell turtle, Trionyx triunguis (Forskal
1775), is one of the largest species of all the freshwater
turtles living in Turkey [1]. These turtles live mainly in
lower water courses where freshwater and seawater meet
and can, thus, be characterized as a brackish water turtle.
This species is omnivorous, with a diet consisting of living
or dead insects, crustaceans, mollusks, fish, amphibians and
plant materials, such as palm nuts and dates [2]. The largest
populations are known to occur in the Mediterranean area,
but it is limited to a few countries such as Egypt, Israel,
Syria, Lebanon and Turkey. In recent years, T. triunguis
turtles on Kos Island, Greece were also recorded [3].

The first scientific research in Turkey was done by
Başoğlu [4], who compiled a preliminary report about a
specimen of soft-shelled turtles from Southwestern Anatolia. Then Atatür [5] investigated the morphology, osteology, the biotopes and distribution of T. triunguis in
Anatolia. He also reported about the survival chances of
the Nile soft-shell turtle in the Dalyan area [6]. Kasparek
and Kinzelbach [7] described the distribution and bionomics of T. triunguis in the Eastern Mediterranean. At
least, 15 sub-populations are known to exist in Turkey
according to Kasparek [8]. The population sizes of Lake
Sulphurous, Lake Kargın and the Taşlıçay Channel were
reported as 30-50 individuals [9].
Although Dalaman in Turkey is a very important site
for the Nile soft-shell turtle, supporting one of the country’s largest populations [8], no detailed reproduction or
heavy metal monitoring studies had ever been conducted.
Therefore, we decided to observe the population size over
the entire summer and aimed to gather a detailed reproductive biology of the species in Lake Sulphurous, which
is an especially suitable site for cold-blooded animals
because of its thermal water.
Contamination from heavy metals is a serious problem recognized in most countries of the world. Heavy
metal pollutants mainly originate from the mining industry, fertilizers and motorcar exhausts and contribute to the
global pollution of natural resources and the environment,
eventually representing a risk to human health. The most
usual animal bioindicators used by experts to estimate the
situation are invertebrates and vertebrates, such as fish,
mammals and, less frequently, birds.
Mediterranean wetlands are ecosystems of great importance as human resources with regards to fisheries,
aquaculture and also plant-grazing turtles, which have
occurred since long ago [10]. Mediterranean wetlands are
also valuable providing a suitable habitat for numerous
species of wildlife and are of both economic and conser-
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vation importance. Mugla wetland area includes endangered species such as Caretta caretta and Trionyx triunguis. Trionyx triunguis is protected under the Convention
on the Conservation of European Wildlife and Natural
Habitats (Bern Convention) and the Convention for the
International Trade in Endangered Species (CMES) and is
classified as “Critically Endangered (CR-2A)” by IUCN
(International Union for the Conservation of Nature and
Natural Resources). The purpose of this study was to
investigate the levels of heavy metals in eggshells of
Trionyx triunguis and details on the nesting ecology of
this species.
MATERIALS AND METHODS
Population Size, Reproductive Ecology

Our investigation was continuously carried out at
Lake Sulphurous during T. triunguis breeding season
between 15th June and 24th September 2002 and, additionally, by weekend patrols during May and early June. The
sites were also visited for one weekend a month during
February, March and April 2002. The study site and other
locations of the Nile soft-shell turtle in Turkey are shown
in Fig. 1a. Lake Sulphurous is 1 km away from Dalaman
airport. Near the lake, there is a hotel and the İncebel
summer village (Fig. 1b). In our investigation, morning
and night patrols were done by groups of 2-3 people around
the lake. During the morning patrols, the shape and pattern
of tracks were noted and from the tracks the positions of
the nests were established and marked for future locating.
Tracks with no nests were counted as non-nesting emergences and the tracks on the sand were also obliterated to

see the new tracks more easily the next morning. During
the day, we counted the number of adult turtles in the lake
twicely. For counting we used visual encounter surveys,
because it requires the minimum equipment. The visual
encounter survey (VES) was used to determine the species
richness in the lake and to estimate the relative abundance
of the species within an assemblage.
In a study about the size of full-grown turtles it was
found that females were larger than males [11]. Sexual
dimorphism in mature individuals is evident only in the
tail. In mature males, the precloacal region of the tail is
longer; with the cloacal opening extending beyond the
posterior margin of the carapace. In mature females the
same region of the tail is shorter, thus leaving the cloacae
opening beyond the posterior edge of the carapace [5]. The
coloration of the juveniles is a little different from that of
mature specimens. Generally, the background color becomes darker and the light-yellowish spots, which are very
conspicuous on the dirty greenish brown background coloration of juveniles, increase numerically while their size
decreases, gradually becoming indistinct and even disappearing completely as the animal becomes older [5]. Using
the maximum bony disc length (BDL) standard, living
trionychids are grouped into four general size categories,
namely small (<280 mm), medium (280-370 mm), large
(370-600 mm), and giant (>600 mm) [12]. Meylan [13]
cited a mean BDL of 410 mm. We did not study the sexual differences of the population and merely observed
those larger than 30-40 cm (large and giant) in carapace
length assuming them as full-grown turtles. During night
patrols, T. triunguis were not approached, but only watched
from a distance not to disturb them in nesting.

FIGURE 1a - The locations of Nile soft-shell turtle, Trionyx triunguis, in Turkey.
(n= largest populations: 1 Dalaman, 2 Seyhan River and Tuzla Drainage Channel; § = relatively large populations:
3 Dalyan, 4 Aksu River, 5 Anamur, 6 Göksu River, 7 Berdan River, 8 Ceyhan River and Karatas Drainage Channel;
  = small populations: 9 Patara, 10 Fethiye, 11 Köprü Stream, 12 Bozyazi, 13 Asi River).
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FIGURE 1b – Kükürtlü Lake (Sulphurous Lake) and related wetland area.

To protect the eggs from predators, a protective metal
grating (72 x 72 cm) with a mesh opening of 9 cm was
placed over the nest and centered above the egg chamber
as this has proved to be quite successful protecting sea
turtle nests against predation [14]. As our study site was a
stony place, it was hard to determine the number of hatchlings coming from each nest and reaching the lake. Therefore, we counted them in three different ways. At first, if it
was possible to count the tracks coming from each nest
and, secondly, if we could determine the exact hatching
time we observed the nests during the nights to count the
hatchlings coming from the nest. Thirdly, after 7 to 10 days
from the first occurrence of hatchlings, we opened and
checked the nest content. By counting dead hatchlings,
empty eggshells, infertile eggs with no sign of blood or
development and dead-in-shell embryos, we were able to
determine the total number of eggs in the clutch.
Temperature was measured using “tiny talk” temperature recorders (Orion Components (Chichester) Ltd., UK).
The device fits within a 35 mm film case. The accuracy of
the device was tested under laboratory conditions against
a standard mercury thermometer, and found to have a
mean resolution of 0.35 °C (min. 0.3 °C, max. 0.4 °C) for
temperatures between 4 °C and 50 °C. Electronic recorders continuously monitoring the temperature, launched
and offloaded via a computer, were placed into the middle
of three nests (ca. 27 cm depth) on the morning after
laying. Data loggers were downloaded to a personal computer after the excavation of the nests at the end of hatching and the data were analyzed. The water temperatures

were also measured with digital thermometers. The air
temperatures were taken from the Regional Meteorological Station in Dalaman.
Contamination with Heavy Metals

For heavy metal determination, 10 eggshells from
each nest were collected about 7-10 days after the last
hatchling was recorded. The nest was excavated and
empty eggshells were collected. These eggshells were
cut into small pieces, dried in an oven at 55 0C for about
48 hours to constant weight. 0.2 g aliquots of dried eggshells were placed in a 50 ml round-bottomed glass flask
with a 10 ml 3:1 mixture of nitric and hydrochloric acid.
This solution was then placed on a hot plate in a fume
cupboard and left overnight until the samples were dissolved. After dissolution we measured the concentrations
of heavy metals with a flame atomic spectrophotometer
(Perkin Elmer AA Analyst 700 Model), the most common
analytical method allowing the quantification of the elements at ppm levels in biological materials. An air/acetylene flame, one-hollow cathode lamp and deuterium background correction lamp were used. Lamp current and
wavelength were changed automatically depending on the
chosen metal. The standard solutions of metals were prepared by diluting them in distilled water and used to calibrate the AAS instrument repeatedly throughout each set of
analyses. The concentration of metals was calculated multiplying the AAS value by 10 (dilution factor) and then
dividing it by the dry weight of the tissue. The concentration levels of Cd, Cr, Cu, Fe, Ni and Pb in eggshells of
Trionyx triunguis were measured in this study.
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RESULTS AND DISCUSSION

Only 9 of the nests observed were screened against
predation. Feral dogs and weasels (Mustela nivalis) entirely
predated 3 nests (53 eggs) and partially 5 nests (97 eggs).

Population Size, Reproductive Ecology

The numbers of individuals were counted in the lake
during the day with up to 40 adults spotted. The highest
numbers were recorded during August (min: 26, max: 40),
some lower numbers in June and July (min: 14, max: 33)
and in September the number decreased to 18. The minimum water temperature measured from February to September was 23.3 0C, even during the coldest period of the
year in this region. The ranges of mean daily air temperatures were lowest (13 0C) in February and highest (30 0C)
in August 2002.

Amount of activity

The nesting season for T. triunguis started in May and
ended in July. Hatchling emergence periods took place
from July to September (Fig. 2). During the irregular visits
to the study site in February, March and April we observed
some tracks, but these were non-nesting emergences. These emergences could provide basking and, therefore, they
were excluded from the data. A total of 77 emergences of
nesting females were recorded from May to July, with 22
(28.57%) resulting as nests. A statistically significant
difference for the track and nesting numbers between the
months (U = 22, P<0.05) was observed and the majority
(n = 36) of these occurred in June, decreasing to 27 in
July and 4 in May (Fig. 2). The last track was recorded on
11th July. Hatching started in July and ended in September. The 22 nests were recorded around the sandy parts of
Lake Sulphurous and only 19 of them have hatched successfully. The percentage of hatching was higher (40.9%)
in July and decreased during the season to 36.36% in
August and 9.09% in September (Fig. 2). There was also
a statistically significant difference for hatching between
the months (U = 26.5, P<0.005).

TABLE 1 - The numbers and percentages of Trionyx triunguis eggs
laid and their fate during 2002-breeding season at Lake Sulphurous.

Total number of eggs
Predated eggs
Unfertilized eggs
Dead embryos
Dead hatchlings
Hatchlings that reached the lake

Numbers
686
140
18
50
10
468

Total nests

25

Non-nesting emergences
Number of hatched nests

20
15
10
5
0
June

20
3
7
1
69

A total of 686 eggs were counted during the excavation of the nests after hatching. The hatching success
was 69%, meaning that only 468 hatchlings were able to
reach the lake. Throughout the breeding season dogs and
weasels played the most important role in destroying of
140 eggs (20%). The percentages of predated eggs, dead
embryos, unfertilized eggs, dead hatchlings and hatchlings
are shown in Table 1. The average distance between the
nests and the lake was 7.78 m (max: 15.6 m, min: 2 m). The
average diameter of the nests was 16.75 cm (max: 22 cm,
min: 11.3 cm) and the average depth 34.47 cm (max: 49 cm,
min: 22.3 cm). The mean number of eggs in the nests was
31 and the maximum number 59. The incubation periods
were recorded as 54 to 59 days with a mean of 56 days. The
mean temperature during the whole incubation period for
three nests laid in July 2002 ranged from 24.1 to 35.7 °C.
The maximum temperature increase during the incubation
period was 3.6 °C. The mean nest temperatures were 33.3
(29.6-34.9), 32.6 (28.8-35.7) and 29.2 (24.1-32.6) °C. The
temperature of a T. triunguis nest centre (27 cm depth)
with 31 eggs laid on 8th July and hatched on 28th August
2002 can be seen in Fig. 3.

30

May

Percentage (%)

July

August

September

Months
FIGURE 2
The temporal distribution of Trionyx triunguis activities around Lake Sulphurous.
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FIGURE 3 - The temperature of a Trionyx triunguis nest centre (27 cm depth)
with 31 eggs laid on 8th July and hatched on 28th August 2002 at Lake Sulphurous.

The existence of T. triunguis at Lake Sulphurous was
previously reported by Kasparek [8] and Gramentz [9]
without detailed information about the reproductive biology of T. triunguis. Atatür [5] investigated morphology,
osteology, the biotopes and distribution of T. triunguis in
Anatolia. The very few nests found were 5-15 m away
from the lake. The mean diameter and depth of the nests
varied between 15-20 cm and 20-25 cm. In comparison,
the nests in this study were observed 7.78 m (2-16 m)
from the lake, their average diameter was 16.75 cm and
average depth was 34.47 cm. Atatür [5] recorded the first
nesting of T. triunguis on 18th June 1974 and the incubation
periods varied between 56-58 days. Although Atatür’s
study is the only detailed one and already 24 years old, the
dimension of the nests and incubation periods are quite
similar as today.
The population size estimated in 1991 was between
30 and 50 adult individuals at Lake Sulphurous [9]. We
also counted 35-40 adults at Lake Sulphurous, but excluded the juvenile ones. Although this species is critically endangered, it can be said that the population in this
region is quite stable or may be even increasing. We
found it too difficult to observe very juvenile ones; because they prefer other feeding habitats and are eaten up
by other carnivores. This subject needs to be studied in
detail in the future.
Two modes of sex determination, genotype and temperature sex determination, occur were used for squamate
reptiles. A preliminary study on the eastern spiny softshell turtle (Trionyx spiniferus) suggested that for this
species sex determination is probably not influenced by
incubation temperature [15]. But temperatures during
embryonic and juvenile development influencing growth
in hatchling snapping turtles, Chelydra serpentina, were
observed [16]. Embryonic incubation temperature signifi-

cantly affected the growth rate, a warm ambient temperature enhanced growth, relative to cool ambient temperature. Turtles incubated between 24 and 26.5 0C grew
faster than those at 29 0C in both cool and warm environments [16]. Du and Ji [17] incubated eggs of the soft-shell
turtle Pelodiscus sinensis at constant and fluctuating temperatures to assess the influence of incubation thermal
environments on the duration of incubation, hatching
success and hatchling traits likely to affect fitness. Eggs
incubated at the lowest temperature (23 0C) had the highest incubation time (97 days) and lower hatching success
(44 %). When the temperature increased to 34 0C, the
incubation time decreased to 39 days and the hatching
success was 73 %. However, the most convenient temperature was an intermediate one (27 0C) evidencing an incubation period of 63 days and the highest hatching success (96 %). The mean nest temperatures in our study
were 33.3 (29.6-34.9), 32.6 (28.8-35.7) and 29.2 (24.132.6) °C and the mean hatching success was 69 % including the predated nests, but 90.8 % excluding them.
Contamination with Heavy Metals

There is little data on the levels of contaminants in reptiles. Bishop et al. [18] showed a statistical association between contaminant levels (highest for PCBs) in egg contents
of snapping turtles (Chelydra serpentina) and poor development of those eggs. A recent work with organochlorines
at Lake Apopka in Florida has shown high levels of contaminants in eggs of American alligators [19]. Turtles are a
major faunal component of many freshwater ecosystems,
because they occupy middle to upper level positions in the
food chain, have a long lifespan and, thus, are excellent
organisms for contaminant monitoring [18, 20]. Female
snapping turtles exposed to organic pollutants in their diet
have been shown to transfer substantial levels to their eggs,
with deleterious effects on embryo development [18, 20]
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FIGURE 4 - Concentrations of Cd, Cr, Cu, Fe and Ni in eggshells of
Trionyx triunguis (Pb concentrations in eggshells below the detection limits).

because PCBs and other organic contaminants are maternally transferred to eggs in a relative proportion to the
exposure of adult females. Therefore, turtle eggs provide
a useful biological monitoring tool [18, 20].
Concentrations of Cd, Cr, Cu, Fe, Ni and Pb in 20 eggshells of the Nile soft-shell turtle are presented in Fig. 4. The
range of Fe concentrations was found to be between 55 and
11.55 µg g-1 (mean: 26.95±12.7) and the mean value for
Ni was measured as 6.35 µg g-1 (max: 14, min: 2.53, SD:
4.2). The average concentration of Cr was 2.607 µg g-1
(max: 6, min: 0, SD: 1.82), Cu concentrations between
0.975 and 0.24 µg g-1 (mean: 0.98 ±0.47) were measured
and the mean value of Cd was 0.19 µg g-1 (max: 0.59,
min: 0, SD: 0.16). The concentrations of Pb in eggshells
were found to be below the detection limits.
Cadmium is generally considered to be a nonessential trace element [21]. It is potentially toxic to most
fish and wildlife species at sufficient concentrations and
freshwater organisms are especially sensitive. In general,
concentrations exceeding 2.0 ppm whole body, fresh
weight, in vertebrate animals are considered to evidence
probable cadmium contamination [21]. In our measurements, the maximum concentration was 0.59 µg g-1. Cr is
known to have both lethal and sub-lethal effects on fish and
wildlife. However, the significance of tissue residues is not
entirely understood. Current evidence suggests that tissue
levels higher than 4.0 ppm dry weight indicate chromium
contamination [22]. The maximum Cr concentrations in
Trionyx triunguis eggshells were found to be 6 µg g-1.
Copper is an essential element for both plants and animals. Although Cu is an essential dietary element for
some plants and animals, high levels are quite toxic. Lead
is both a non-essential and non-beneficial element. Lead
is toxic in most of its chemical forms and may be bioac-

cumulated causing sub-lethal effects to haematopoietic,
vascular, nervous, renal and reproductive systems [23].
Apparently because of its low toxicity to humans, there
is a lack of residue data on Ni for comparisons. In addition,
Ni does not accumulate in aquatic organisms [24]. Pollution can produce severe impacts on eggs leading to embryo death or abnormal embryonic development as has
been monitored in chameleon eggs [25]. There are also
some studies regarding the biomonitoring of feral pigeon
eggs pollution [26]. Freshwater turtles colonized to some
certain lakes can also be used for biomonitoring.

CONCLUSION
Kasparek [8] mentioned the importance of the Dalaman turtle population and gave some recommendations
against the construction of buildings on the peninsula
between Lake Sulphurous and the Taslıçay channel and
the coastal wetland in the south of Lake Sulphurous. He
also mentioned that the wastewater from the Incebel
summer village caused the eutrophication of Sulphurous
Lake. Pollution is one of the main threats to this ecosystem and results in not only a extremely foul-smelling
environment, but more important, in a dense blue-green
algae cover on the water surface, that means eutrophication leading to a dense vegetation of common reed and
Phragmites australis. If the current situation is not
stopped immediately, the changing ecosystem will make
the survival of the critically endangered soft-shell turtles
impossible. Therefore, it is imperative that more nesting
areas have to be provided, although no exact information
about reproductive biology of T. triunguis and heavy
metal concentrations in eggshells of Trionyx triunguis

413

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

exist until now. Taking into account that the Nile softshell turtle is under serious threat in the whole Mediterranean and that, so far, only two large (Dalaman and Seyhan
river), six relatively large (Dalyan, Göksu, Berdan River,
Ceyhan River, Aksu River and Anamur), and five small
populations (Patara, Fethiye, Köprü Stream, Bozyazı and
Asi River) have been identified as important populations
along the Turkish coast, conservation efforts should be
concentrated on these main populations and an appropriate stakeholder involvement should take place to enhance
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EVALUATION OF GREEK WIND PARKS VISUAL IMPACT.
"THE PUBLIC ATTITUDE"
John K. Kaldellis and Kosmas A. Kavadias
Lab of Soft Energy Applications & Environmental Protection, Mechanical Eng. Dept., TEI Piraeus, P.O. Box 41046, Athens 12201, Greece

SUMMARY
During the last three years the installed wind power
in Greece has significantly risen from 40MW to almost
300MW. This important wind power ascension was based
on contemporary wind turbines of remarkable size, concentrated in few relatively restricted geographical areas.
In certain areas, however, this outstanding wind power
penetration provokes serious local population reactions,
which, in several cases, lead even to the complete wind
power projects cancellation by claiming important environmental impacts. In this context, "visual intrusion" is
found to be one of the major factors determining opposition to wind energy. In order to examine this problem, an
extensive study is carried out concerning the visual impact of the existing wind parks in Greece. For this purpose, also a public opinion survey is carried out throughout Greece, concerning the local habitants' attitude towards a wind park, as far as the "visual intrusion" of existing wind turbines is concerned. The results collected
are analyzed in view of the machines’ general acceptability. According to the data analyzed, -sample of 417 respondents in three representative Greek territories-, an
important part of local people including wind energy
supporters claims remarkable visual annoyance of existing wind turbines. Thus, if the target is to accelerate wind
power penetration in the local energy market, more attention should be paid on the visual incorporation of new
installations in the local landscape.

KEYWORDS:
Wind Energy; Visual Impact, Public Attitude, Opinion Survey.

INTRODUCTION
The sudden and significant wind power amplification
(from 40MW to 272MW) in Greece during the years 2000
and 2001 [1, 2] was followed by a new stagnation period of
installations (Figure 1), hence only 5MW were added during entire 2002. The main factors limiting the once promising wind energy penetration include absence of appropriate

locations possessing suitable electrical network infrastructure [3] and serious local population reactions [4] in some
advantageous areas like Euboea and South Peloponessos,
which, in several cases, lead even to the complete wind
power projects cancellation by claiming important environmental impacts [5].
In view of this negative reaction, many researchers [6,
7] believe that "visual intrusion" is one of the major factors determining opposition to wind energy, although opposition on aesthetic grounds is characterized as subjective
and often dismissed by public officials. In this context,
taking seriously into account the above-mentioned remarks,
an extensive study is conducted concerning the visual impact of wind parks in Greece.
More specifically the complete project is divided into
two parts. In the first part -presented here- a public opinion
survey was carried out throughout Greece, concerning the
local habitants' attitude towards a wind park, as far as the
"visual intrusion" of existing wind turbines is concerned.
The results collected were analyzed in view of the machines` general acceptability degree by the local communities. Accordingly, a parallel work is under preparation in
order to quantify the visual impact of specific wind parks
[8-10], where the local public opinion will be investigated.
POSITION OF THE PROBLEM
Public concern about electricity generation technologies has been greatly increased during the last thirty years.
Environmental groups and local authorities have often
been in the centre of opposition to new energy projects
based on fossil fuels or nuclear power. Wind energy, at its
early stages of development, appeared not to face such
difficulties, since public opinion surveys from several
industrial countries [11-13] validated the positive public
attitude towards wind power applications.
On the other hand, as wind power stations have gradually amplified their size and number, the corresponding
planning procedures have many times to deal with intense
contradiction and debate [4]. On top of that, one should also
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FIGURE 1
Time evolution of Greek wind power.

take seriously into consideration the increasing percentage
of NIMBY stance [4, 14, 15]. Thus, although the public
opinion is definitely in support of wind power, a remarkable part of the society is opposed to wind turbines in their
own living environs (e.g., distance less than 5 km from
local people residence).
In this context, one should take also into consideration that small water and windmills have been in operation during the last 800 years all over Europe. Recently,
wind turbines revived the matter of landscape aesthetics.
They have been subjected to hard criticism because of
their technical-industrial character and appearance, being
also located in highly visible places in order to exploit the
available wind potential.
According to our opinion, the reaction to the sight of
a wind farm is highly subjective. This attitude often has
much more to do with feeling and knowledge than visual
perception alone. Therefore, the existence of a wind park
in a specific region may be judged either as a positive or
negative addition to the landscape.
Numerous studies [11-13, 16] in several active wind
power markets demonstrate that people living near wind
turbines tend to be more favorable towards them than city
dwellers. A possible explanation to this diversification
could be that people living in cities have a more romantic
view of the countryside than people from rural areas,
which have a more practical relation to nature.
In addition to subjective allegations versus existing
wind parks, periodic reflections (glinting) or interruption
(shadow flicker) of sunlight from the rotor blades can be
objectively recorded and quantified [5, 17]. In most cases

these localized effects may be easily predicted and avoided by careful turbine-siting and appropriate surface finish
of the blades [18].
In the present essay extensive results concerning an
integrated study about the visual impact assessment of
wind farms, properly adapted for Greece, were analyzed.
Hence, in order to investigate the public attitude towards
wind energy applications, a widespread public opinion
survey was carried out in several Greek regions concerning the visual impact of existing wind parks. According to
the data gathered, a variety of reactions were encountered,
including several cases with local people negative reactions to wind parks. An attempt to analyze and rationalize
all these reactions was also made.

PREPARATION OF THE SURVEY
In view of the negative reactions against new wind
power installations encountered, concerning specific
Greek communities, the Soft Energy Applications and
Environmental Protection Laboratory of TEI Piraeus has
undertaken (since 2000) an extensive study about the
public acceptance of wind parks all over Greece. In this
context, the scientific team involved has firstly scheduled
and subsequently conducted [4, 8, 16, 19] a public survey
in several representative Greek territories, presenting
wind energy development interest. During the planning
phase, emphasis is laid on the following topics:
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• The degree of public knowledge about wind energy applications
• The public awareness about the environmental and
macro-economic impacts of wind energy; personal
annoyance is also recorded
• The public attitude towards wind energy applications, in view of the NIMBY syndrome
Accordingly, for increased reliability and due to the
country idiosyncrasy during the present survey the appropriate questionnaires were completed within the interviewer's sight, while the respondents filled in their name and
phone, for confirmation purposes. The public response was
encouraging, since almost one out of two persons answered
the questions eagerly.
The last point to be arranged was the number of interviews needed to draw safe conclusions [20]. Due to the
geographical diversity of the study (Figure 2) and the
manpower needed, a sample number in the range of 100 to

150 questionnaires was assumed to be acceptable for each
region examined, while 50 interviews were set as the
lower limit.
For the preparation of the questionnaire a large number
of scientists have collaborated including statistics experts,
sociologists and market survey experts. The relative questions to the subject investigated are summarized in Table 1,
along with the possible answers. As it is obvious from
Table 1, the first two questions asked guarantee that the
people interviewed are familiar to the subject examined.
According to the entire sample analyzed (417 questionnaires) 94% of the people interviewed were familiar with
the basic wind energy principles (question 1), while only
2% was not sure about the contribution of wind parks in
the electrification effort (question 2). Recapitulating, one
may clearly state that the samples used have the necessary
size to be statistically sound and credible, while the vast
majority (≈95%) of the people questioned have quite a
good idea about wind energy basic principles and wind
power applications.

V = 3.2

Euboea

V = 5.3
Andros

Athens
V = 3.2
Peloponessos

Ikaria

Samos

V = 7.5

Lakonia Kithnos
Aegean Sea

V = 5.3
Crete
h=30m
FIGURE 2
Selected Greek regions for the public survey realization.
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TABLE 1
Demonstration of the questionnaire used in the present public opinion survey.

Possible
Answers

Question 1
a
b
c
d
e

Possible
Answers

Question 2
a
b
c
d
e

Possible
Answers

Question 3
a
b
c
d
e

Possible
Answers

Question 4
a
b
c
d
e

What do you know about wind energy?
It is obtained from the waves of the sea
It is used in the solar heaters
It is obtained from the wind
It is obtained from nuclear plants
I do not know
The wind converters or wind turbines are usually used:
in producing electric energy
in marking regions
for aesthetic reasons
for televising purposes
for other reasons
Do you actually agree with the installation of Wind Turbines in your territory?
YES, I do
NO, I don’t
I would agree if only I had proof of their usefulness
I am not interested in this matter
I have no formed opinion
The wind converters or wind turbines of your territory:
are visually annoying
have no visual impact on me
are not aesthetically right
I have no opinion on their aesthetic impact
make the area attractive

REGISTRATION OF VISUAL IMPACT AND
PUBLIC ATTITUDE VERSUS WIND PARKS
After the arrangement of the necessary preconditions
the above public survey was realized in three stages. The
first stage was executed in two separate phases (during the
1st and 2nd semester of 2001) and focused on the S. Euboea

area (Figure 2). The sample of 128 interviews -taken
during the period examined- is a representative size to
extract statistically safe conclusions. Bear in mind that up
to the end of 2002, in S. Euboea had been operating wind
parks of rated power approaching the 150 MW, representing the entirety of Greek mainland wind power installations, see for example (Figures 3 and 4).

FIGURE 3
General view of Marmari-Euboea wind park (17 x 300 kW).
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FIGURE 4
General view of Polipotamos-Euboea 12 MW wind park.
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FIGURE 5
Acceptability of wind energy applications in S. Euboea (2001).

According to the results of our survey (Table 1, question 3), the public opinion is definitely divided (Figure 5).
More precisely, 4 out of 10 (40%) of the respondents clearly disagree with the existence of the wind parks in their
region, 22% definitely accept the wind turbines, while 19%
tolerate them under the precondition of their proved usefulness.

Another interesting outcome of this two-phase public
survey (Table 1, question 4) is the negative -by almost
46%- visual impact of wind turbines on the examined region
habitants, while another 16% believe that the existing machines are not in harmonization with the landscape. On the
other hand, only 6% admit the sight of these machines,
whereas 19% do not mention any visual intrusion (Figure 6).

420

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

Vis ual	
  Impac t	
  of	
  Wind	
  T urbines 	
  (S .	
  E uboea	
  S urvey)
No	
  O pinion
Not	
  in	
  Harmoniz ation	
  
with	
  L ands cape

P os itive	
  E ffect

Negative	
  O pinion
Negligible	
  E ffect

FIGURE 6
Visual impact of wind turbines in S. Euboea.

Analyzing now the attitude of the respondents, expressing negative opinion towards existing wind turbines, almost
their entirety (i.e. 93%) declares visual impact of existing
machines. What seems more perturbing is that almost 40%
of the habitants being supportive to the wind energy applications in their region state strong (32%) or mild (8%) negative visual impact of wind turbines (Figure 7).
One sound explanation for this unexpected result may
be the assumption that this specific subgroup is willing to
forgive the visual intrusion of the turbines in the landscape
for the presumably higher goals of their operation. However, if turbines are faulty, the public may perceive a wind
farm to be unjustified -a waste of visual resources [21].

Accordingly, the second stage was concentrated in Samos Island (Figure 2), where almost two hundred (196)
local people have been interviewed during 2001 in two
separate attempts. Samos is a medium-sized island in East
Aegean Sea, possessing excellent wind potential. In this
island, since 1991 exist two wind parks belonging to
Greek Public Power Corporation (PPC), at Marathokambos (9 x 100 kW) and Pithagorion (9 x 225kW) regions, see for example (Figure 8). Next to the wind park
of PPC at Marathokambos there also exists a small private
wind farm of 1 MW.
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  E ffect
Negative	
  O pinion
No	
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  in	
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  E ffect

FIGURE 7
Wind turbines' visual impact in S. Euboea, supporters sample only.
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FIGURE 8
Marathocambos wind parks: a) PPC 9 x 100 kW; b) private (250+750) kW.
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FIGURE 9
Acceptability of wind turbines in Samos Island.
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FIGURE 10
Visual impact of wind turbines in Samos Island.

FIGURE 11
General view of Andros wind park (7 x 225 kW).

The general picture of the local habitants’ attitude
towards wind turbines is completely different from that of
S. Euboea. More specifically, 64% of respondents expressed favourable opinions about the development of wind
power stations, while another 14% supported wind farms
under the precondition of proper operation (Figure 9). Only
5% of local people do not accept the operation of wind
converters in their region.

Even in this positively reacting society, 12% of the
sample project mention negative visual impact of wind
turbines, while another 9% part declares that these machines are not in harmonization with the landscape (Figure 10). On the contrary, the vast majority of the local
people do not point out any visual intrusion, while 2 out
of 10 advanced the opinion that wind turbines look decorative.
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Finally, the third stage of the public survey was realized in three different close islands of central Aegean
Archipelago (Figure 2), i.e. Ikaria, Andros and Kithnos.
In all these areas possessing excellent wind potential there
is a strong interest for new wind power applications, possibly in collaboration with energy storage systems [22]
(wind-hydro) or desalination plants [23]. Additionally,
small wind parks belonging to Greek Public Power Corporation operate in these three regions since 1991, i.e. 8 x
55 kW in Ikaria, 7 x 225 kW in Andros and 4 x 33 kW +
500 kW in Kithnos, see for example (Figure 11), with
remarkable efficiency [21].

In these three selected cases the total sample was almost one hundred (93 respondents), while the period
examined was between June 2001 and June 2002. According to the data collected, an attitude similar to the
case of Samos is also shaped for the rest of the Aegean
Archipelago islands. More precisely, the Aegean Sea
inhabitants are also in favour of existing wind parks (62%
positive and 19% positive under conditions); since they
are quite familiar with the long-term operation of wind
turbines in their region (Figure 12). Only 6% of the respondents are negatively expressed towards existing wind
plants.

FIGURE 12
Acceptability of wind turbines in small Aegean Sea islands.
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FIGURE 13
Visual impact of wind turbines in small Aegean Sea islands.
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On the other hand, there is a remarkable percentage of
people disliking the appearance of wind turbines (16%),
while a similar percentage supports that these machines are
not in harmonization with landscape (Figure 13). A considerable part of respondents (i.e. 29%) does not mention
any visual impact from the existing wind parks, while
another 26% finds the operating machines decorative. In
an attempt to explain the remarkable negative opinion
concerning the wind turbines’ visual impact, one should
take into account the present status of these wind turbines,
which operate for more than 10 years, without very careful maintenance, e.g. Figure 14.

mos are in favour of the existing wind parks, while the
public opinion in S. Euboea is equally divided in favour and against the existing machines. An attitude
similar to the case of Samos is also shaped for the rest
of the Aegean Archipelago islands, although the visual
impact attitude is quite different.
b) A remarkable part of the respondents declare significant visual impact of existing wind turbines in the
landscape, especially in S. Euboea region, where the
wind power concentration is much more intense.
c) Almost all individuals that do not agree with the existing wind turbines in their region dislike their appearance. On top of that, a remarkable part of wind parks
supporters claim visual impact of the wind converters.
d) An important share of people interviewed clearly state
that they should support wind energy applications under the precondition of efficiency function. This result
means that if turbines do not operate or are perceived
to be broken quite often, the public is far less likely to
tolerate their intrusion on the landscape.

CONCLUSIONS
An extensive public opinion survey was carried out
all over Greece, in order to investigate the public attitude
towards wind parks, while special emphasis was laid on
the visual impact of existing wind turbines. According to
the information analyzed, an important part of local people (including several wind energy supporters) claimed
significant visual impact of existing wind turbines.
In most cases the one fourth to one half of interviewed people mentioned visual annoyance due to the
operation of wind parks in their neighbourhood. This
attitude was supported by the insufficient maintenance of
existing wind turbines as well as by the diffused unjustified opinion -expressed by PPC authorities- of the already
operating wind farms financial incompetence.
FIGURE 14
Old wind turbine in Kithnos.

Recapitulating, according to the assessed results of
three recent public opinion surveys, realized in three successive phases (1st and 2nd semester of 2001 and 1st semester of 2002, total sample 417 respondents), concerning the visual impact of wind turbines along with the
social attitude towards existing wind parks, the following
conclusions may be drawn:
a) There is a considerable diversification of the public
attitude in S. Euboea and in Samos Island. More specifically, the vast majority of the respondents in Sa-

In conclusion, visual impact was found to be one of
the most important parameters affecting the public attitude towards wind power applications. Hence, if the target
is to accelerate wind power penetration in the local energy
market, in order to support the sustained development,
more attention should be paid on the new installations
visual incorporation in the local landscape.
In the authors' opinion, the visual intrusion of existing
or new wind parks should be properly analyzed and
amended. In the opposite case, any additional wind energy application may confront serious contradictions, derived from groundless allegations of important visual
annoyance.
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SUMMARY
In this study, 12 different commercial pesticides, including 5 fungicides, 5 herbicides, 1 aphicide and 1 acaricide, were investigated for their effects on spore viability,
toxin stability and larvicidal activity of a mosquito pathogenic B. sphaericus 2362 strain. Minimal inhibitory concentrations (MICs) of each pesticide were determined
after 48 h incubation of B. sphaericus 2362 strain. According to MIC results, all pesticides showed various
inhibitory effects on the growth of the test bacterium.
Particularly, the pesticides which contain TCA, hymexazol, copper sulphate, hexythiazox, 2,4-D Amine, copper
inhibited spore germination significantly and bacterial
growth even at the lowest tested concentrations. Our results indicated that various commercial pesticides in different concentrations reduced the spore viability significantly and heat-resistant spore numbers of B. sphaericus
2362 strain. In general, the pesticides decreased the spore
numbers 104-105-fold compared to initial ones. Furthermore, it was observed that the larvicidal activity was completely lost when it was grown at the concentration of MIC
values or higher. Indeed, SDS-PAGE analysis confirmed
that the binary toxin proteins, 41.9 kDa and 51.4 kDa, were
lost at the MIC values and higher concentrations although
parasporal crystals did not disappear in the much lower
pesticide concentration.

KEYWORDS: Pesticides, B. sphaericus 2362, toxin stability,
larvicidal activity and SDS-PAGE.

INTRODUCTION
Bacillus sphaericus, a gram positive spore-forming
bacterium, produced a potent mosquito larvicide at the
onset of sporulation [1]. Recently, several pathogenic
strains, such as B. thuringiensis and B. sphaericus strains,

the microbial control agents, were observed to have high
levels of insecticidal activity against various mosquito
larvae in laboratory and field studies [2]. The effect of
biotic and abiotic factors on the viability, toxin stability
and larvicidal activity of both biological control agents
against many species of mosquito larvae has been summarized by Lacey and Undeen [18] and Mulla [20]. One of
the most important environmental factors affecting the
larvicidal activity of these bacteria is water pollution rate
and depth [5, 12, 23]. B. thuringiensis var. israelensis
serotype H-14 and other H-serotypes have shown great
promise as a mosquito larvicide. Also, it is reported that
the mosquito pathogenic strains of B. thuringiensis have
more chance to live in aquatic habitats as they use various
kinds of carbohydrates for growth, whereas the strains of
B. sphaericus differ from them in this regard [3, 24].
However, B. thuringiensis var. israelensis has lower larvicidal activity and persistence in organically enriched habitats
and polluted waters [10, 18]. The findings in the last decade
suggested that the larvicidal activity of B. sphaericus may
persist against many species of mosquito larvae under
field conditions including organically enriched habitats
[12, 16, 22]. In addition to persistence of toxin, residual
larvicidal activity also may be facilitated by recycle ability of the bacterium within larval cadavers under certain
conditions [16, 21].
Besides, UV-light, high temperature and pH reduced
drastically the viability of B. sphaericus 1593 and 2362
spores [6, 27, 28]. Moreover, toxin stability of B. sphaericus against different pH levels, high temperature and UVradiation were enhanced by encapsulation studies with
carboxymethylcellulose, alginate and carrageen [3, 14, 17].
So far, detailed studies related to chemical pesticides
have not been carried out, despite several studies at present
are concerned with the effect of different kinds of chemical
compounds on the larvicidal activity and spore viability of
mosquito pathogenic strains of B. sphaericus [1, 4, 7].
The aim of this study is to determine the inhibitor effects
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of 12 different commercial pesticides on the spore viability and larvicidal activity of B. sphaericus 2362 strain.

growth, the structure of spore-toxin complex, and bacterial
sporulation under phase-contrast microscope.
Electrophoresis

MATERIALS AND METHODS
Bacterium and Spore Suspensions

B. sphaericus 2362 was provided by Prof. Dr. A. A.
Yousten (VPI & State University, Blacksburg, VA). Overnight culture of bacterium in NYSM broth was inoculated
onto NYSM agar plates (Difco, Detroit, MI) and incubated
at 30°C for 5 days for complete sporulation. The sporulation was examined regularly at intervals under phasecontrast microscope. Spores were then collected from the
surface of NYSM agar plates with sterile saline (0.85%
w/v), and washed three times. Spores were then resuspended in sterile distilled water and the count adjusted to
2 x 1010 spores ml-1 on NYSM agar plate after heating at
80°C for 12 min.
Preparation of Pesticide Stock Solutions and MIC Assays

The commercial pesticides used in research were obtained from Agricultural Research and Control Institute of
Turkey. The liquid pesticides were sterilized separately by
filtration through cellulose acetate membranes (Sartorious, 0.25 µm diameter). Powder pesticides were sterilized
by autoclaving at 121 °C for 15 min. To determine the
minimal inhibitor concentrations (MICs) of each pesticide, 2 ml stock solutions were transferred into sterile
tubes containing 2 ml NYSM broth [8]. Pure NYSM
broth medium alone was used as control. Subsequently,
100 µl of the bacterium spore suspension was inoculated
into each tube containing pesticides and control NYSM
broth medium. Inoculated serial tubes were then incubated on a rotary shaker (150 rpm) at 30 ºC for 48 hours. The
minimal inhibitor concentrations of pesticides were determined by checking the growth of the bacterium culture
against control group. All of the experiments were carried
out in triplicate. MIC values were calculated as mg ml-1
active ingredient in the media.
Preparation of Samples for Spore Counts

2 ml of bacterial samples from incubated culture for
24 and 48 h were transferred into a sterile eppendorf tubes
to count heat-resistant spore number and to use for electrophoresis. Then, to remove pesticides` residue from the
media, bacterial samples were washed 6-7 times by centrifuging at 15.000 rpm for 5 min. The bacterial samples
were kept in deep-freezer at -70ºC until use. The heatresistant spore count of bacterial culture treated with pesticides was performed by heating 1 ml samples at 80°C for
12 min and then plated on NYSM agar using the pourplate technique. The number of spores was determined
from the mean of at least 3 plating.
Phase-Contrast Microscopy

Fresh test strains were prepared from 24 h and 48 h
incubated cultures and used to investigate the bacterial

The samples were centrifuged at 15.000 rpm for 10 min
and the proteins extracted from the spores by suspending
them directly in the sample buffer (pH 6.8, 0.06 M Tris,
2.5 % glycerol, 0.5% SDS, 1.25% β-mercaptoethanol) and
boiling for 10 min. Solublized proteins were subjected to
SDS-PAGE in gel slabs of 0.75 mm thickness (1.5 cm,
4.0% stacking and 13.5 cm, 10.0% resolving gels) as
described by Laemmli [19], and the gels stained with
Coomassie Brillant Blue R-250.
Bioassays

The larvicidal activity of B. sphaericus 2362 strain
grown in different pesticide concentrations was tested
against 2nd and 3rd instars of Culex quinquefasciatus
larvae and the LC50 values were calculated [15]. C. quinquefasciatus culture was provided by Elisabeth Davidson
(Arizona State University, Department of Zoology, Tempe, Arizona, USA). Serial concentrations of pesticides
treated as spore samples were added into plastic cups
containing 50 mosquito larvae in 30 ml sterile tap water in
triplicate, and toxic activity was expressed as LC50, that
is, the concentration of bacterial cells that killed 50% of
the test insect population in time period under study.
Larvae were fed with 0.2 ml of 5% (wt/vol.) debittered
brewers’ yeast suspensions at the beginning of the assay.
RESULTS AND DISCUSSION
In this study, we investigated the effects of 12 commercial pesticides on spore viability, larvicidal activity
and toxin stability of B. sphaericus 2362 strain, a mosquito pathogenic bacterium. The commercial name of pesticides, active ingredient, and minimal inhibitor concentration (MIC) values are shown in Table 1. The most effective
pesticide was Nata Granule, a herbicide, in all tubes over
MIC concentrations, 1.187 mg ml-1. However, fungicides
used in this study had more inhibition effect on spore germination compared to other pesticide types. Also Nissorun
5EC, an acaricide, was the most effective after Nata Granule. The other pesticides, Cupper Sulphate, Tachigaren 70
WP, Cupravit fungicides, Agro D-Amine and Cornox
Amine herbicides, were active following the order in Table
1. However, 5 pesticides, Brassicol, Anvil, Tefralin EC,
Tordon 101 Mixture and Primor 50 WG, decreased the
heat-resistant spore numbers, but they did not inhibit the
spore germination. Also, parasporal inclusions of the test
strains were observed under phase-contrast microscope,
when they were grown on media containing different concentrations of all pesticides (data not shown).
The number of heat-resistant spore counted after 24
and 48 h incubation can be seen in Table 1. In all cases, the
initial spore numbers was 2 x 107 spores ml-1. Nata Granule
reduced the heat-resistant spore numbers to 2.4 x 102 and
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2 x 103 after 24 and 48 h incubation, possibly due to its
trichlore acetic acid content that is destructive to proteins.
Although the most effective pesticide was Nata Granule, an
herbicide, mainly fungicides show high inhibitory effects
on spore germination. In addition, these findings showed
that Brassicol and Primor 50 WG had a slight inhibitory
effect on the spore viability and spore germination of the

bacterium. In general, pesticides reduced approximately the
spore numbers 104-105-fold, compared to initial spore
numbers. It was interesting that bacterial spores after 48 h
incubation acquired resistance to all pesticides, but they
were more sensitive after 24 h incubation. It was also found
that spore numbers of test bacterium decreased at different

TABLE 1 - The larvicidal activities (LC50), heat-resistant spore numbers, and MIC values of B. sphaericus 2362 grown
on media containing serial concentrations of 12 different commercial pesticides after incubation for 24 and 48 h.
Commercial Name

Active Ingredient

Agro D amine

2,4-D Amine
24 h
24 h-LC50
48 h
48 h-LC50

Anvil

Hexaconazole
24 h
24 h-LC50
48 h
48 h-LC50

Nissorun 5 EC

Hexythiazox
24 h
24 h-LC50
48 h
48 h-LC50

Cupravit

Copper
24 h
24 h-LC50
48 h
48 h-LC50

Primor 50 WG

Primicarb
24 h
24 h-LC50
48 h
48 h-LC50

Cornox amine

2,4-D Amine
24 h
24 h-LC50
48 h
48 h-LC50

Brassicol

Quintozene
24 h
24 h-LC50
48 h
48 h-LC50

Copper sulphate

Copper sulphate
24 h
24 h-LC50
48 h
48 h-LC50

Nata Granule

T.C.A.
24 h
24 h-LC50
48 h
48 h-LC50

Tachigaren 70 WP

Hymexazol
24 h
24 h-LC50
48 h
48 h-LC50

Tefralin EC

Trifluralin
24 h
24 h-LC50
48 h
48 h-LC50

Tordon 101 Mixture

I. P. A. + P.A.
24 h
24 h-LC50
48 h
48 h-LC50

*

Serial Concentrations of the Pesticides (mg ml-1)

Control
0.0
4.67x107
3.1x103
2.21x108
4.1x103
0.0
3.34x107
4.8x103
2.46x108
3x103
0.0
3.13x107
3.1x103
3.64x108
2.9x103
0.0
1.5x107
4.1x103
2.25x108
3.1x103
0.0
1.91x107
3.5x103
1.63x108
2x103
0.0
4.13x107
3.1x103
2.51x108
3.1x103
0.0
5.1x107
3.1x103
1.84x108
3x103
0.0
4.64x107
3.8x103
4.16x108
3.1x103
0.0
4.13x108
3.1x103
2.12x109
2.8x103
0.0
1.92x107
3x103
1.54x108
2.7x103
0.0
4.44x107
3.1x103
2.51x109
2.9x103
0.0
4.54x107
3.1x103
2.51x109
2.9x103

1.562
2.56x107
5.2x103
1.32x108
4.6x103
0.39
2.33x107
4.9x103
2.11x108
4.5x103
0.039
2.24x107
5.4x103
1.86x108
4.6x103
1.95
1.7x104
6x103
1.8x105
5x103
1.95
1.41x107
5.6x103
1.33x108
4.4x103
3.90
2.24x107
5.7x103
1.71x108
4.1x103
0.703
2.24x107
4.6x103
1.11x108
3.8x103
0.765
0.6x103
None
2.64x104
5.7x103
0.074
2.24x107
5.7x103
1.71x108
4.1x103
1.64
0.5x103
None
0.8x103
None
3.75
3.66x107
5.1x103
2.11x108
3.4x103
3.59
3.86x107
4.1x103
2.16x108
3.2x103

3.125
7.36x106
5.3x103
3.41x107
5.1x103
0.781
1.12x107
5x103
5.83x107
4.6x103
0.078
2.36x106
6.3x103
2.41x107
5.1x103
3.90
3.4x102
None
0.6x103
None
3.90
9.16x106
5.8x103
1.08x108
4.6x103
7.81
2.36x106
6.3x103
1.61x107
5.1x103
1.406
2.36x106
4.5x103
1.54x107
4x103
1.53
0.3x103
None
6.5x102
None
0.148
2.12x106
6.4x103
1.41x107
4.6x103
3.281
0.1x103
None
0.2x103
None
7.5
7.44x106
5.4x103
5.41x107
3.5x103
7.18
6.44x106
4.4x103
4.41x107
3.4x103

Test strain grew in all concentration of pesticides.
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6.25
2.01x106
5.4x103
1.01x107
5.1x103
1.562
2.43x106
5.9x103
1.82x107
4.8x103
0.156
4.7x104
7.1x103
6.14x106
5.7x103
7.81
2.3x102
None
2x102
None
7.81
2.41x106
6.7x103
7.02x107
5x103
15.62
6.71x104
7.1x103
6.14x106
5.7x103
2.812
9.67x105
5x103
8.84x106
4.4x103
3.06
1.9x102
None
4.4x102
None
0.296
5.64x104
7.2x103
2.14x106
5.7x103
6.562
1.1x102
None
0.1x103
None
15
8.68x105
6.1x103
9.14x106
4.2x103
14.37
8.88x105
5.2x103
6.14x106
4.1x103

12.50
1.1x105
5.5x103
1.06x106
5.2x103
3.125
1.6x105
6.1x103
9.1x106
5.4x103
0.312
1x103
None
1.06x105
6.4x103
15.62
2x102
None
2x102
None
15.62
5.11x105
7x103
6.92x106
5.6x103
31.25
0.8x103
None
8.6x104
6.4x103
5.625
4.79x105
5.2x103
2.06x106
5.8x103
6.125
1.6x102
None
2.6x102
None
0.593
9.8x102
None
8.6x104
6.2x103
13.125
1x102
None
1.2x102
None
30
4.86x105
6.1x103
2.3x106
5.1x103
28.75
4.67x105
5.6x103
2.3x106
4.4x103

25
4.9x103
None
4.8x104
5.4x103
6.25
2.6x104
6.3x103
1.25x106
5.6x103
0.625
0.3x103
None
1.68x104
6.6x103
31.25
1x102
None
1.4x102
None
31.25
1.01x104
8.1x103
2.95x105
6.1x103
62.5
1.3x102
None
1.4x103
None
11.25
1.54x105
5.6x103
1.18x106
5x103
12.25
1x102
None
1.4x102
None
1.187
2.4x102
None
2x103
None
26.25
0.9x102
None
1.2x102
None
60
3.44x104
6.4x103
2.64x105
5.4x103
57.5
4.44x104
6.6x103
2.64x105
5.1x103

50
1.6x103
None
5.8x103
None
12.5
2.4x104
6.3x103
9.4x105
5.6x103
1.25
2x102
None
0.4x103
None
62.5
0.9x102
None
1x102
None
62.5
0.2x103
None
1.22x105
7.4x103
125
1.1x102
None
2.4x102
None
22.5
7.12x104
5.7x103
2.44x105
5.4x103
24.5
0.8x102
None
1.2x102
None
2.375
1.6x102
None
2x6x102
None
52.5
0.9x102
None
1.1x102
None
120
1.84x104
7.1x103
6.48x104
5.6x103
115
1.64x104
7.0x103
8.48x104
5.8x103

100
0.8x103
None
4.3x103
None
25
2.3x103
None
3.2x104
5.5x103
2.5
2x102
None
0.3x103
None
125
0.1x102
None
3x101
None
125
1.6x102
None
9.5x104
7.6x103
250
1x102
None
2x102
None
45
3.44x104
5.8x103
1.16x105
5.4x103
49
5x101
None
6x101
None
4.75
1x102
None
2.3x102
None
105
6x101
None
1x102
None
240
1x103
None
2.42x104
6.6x103
230
2.02x103
None
4.42x104
6.8x103

MICs
(mg ml-1)
12.50

*

1.250

3.90

*

62.50

*

1.530

1.187

3.281

*

*
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FIGURE 1 - SDS-PAGE analysis of B. sphaericus 2362 strain after 24 and 48 hours incubation on media
containing 12 different pesticide concentrations. M, Standard toxin bands. Arrows show the binary toxin bands.

rates by the whole group of pesticides studied. These variable effects might be depending on radicals groups consisting of active ingredient including each of pesticide.
The larvicidal activity of B. sphaericus 2362 culture
grown on media containing different pesticides and incubated for 24 and 48 h were tested against 2nd and 3rd instars C.
quinquefasciatus larvae separately at the room temperature
and their LC50 values were calculated in this study (Table
1). It was found that the larvicidal activity disappeared at
MIC values and at higher concentrations, but the larvicidal
activity persisted in the case of low concentrations, less than
MIC values. In the meantime, it was observed that larvicidal
activities decreased relatively (6 x 103 CFU ml-1), compared
to the control (2 x 103 CFU ml-1).

It was shown that the use of Primor 50 WG, Tordon
101 Mixture, Tefralin EC, Brassicol and Anvil pesticides in
the mosquito larvae habitats for the purpose of chemical
control did not effect adversely the larvicidal activities of
B. sphaericus 2362 strain, but the use of Tachigaren 70 WP,
Nissorun 5 EC, Agro D-Amine, Cornox Amine, Nata
Granule, Copper sulphate and Cupravit pesticides significantly decreased the larvicidal activity of the bacterium.
The loss of toxin protein bands was also confirmed by
SDS-PAGE analysis of spore samples, in which 41.9 kDa
and 51.4 kDa binary toxin bands of B. sphaericus strain
disappeared on the gel when test bacterium was grown at
MIC or higher concentrations of pesticides (Figure 1). On
the contrary, parasporal inclusions were not affected as
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already observed by phase-contrast microscopy, because
the parasporal crystals of pesticide-treated spores might
not contain toxin proteins and, hence, they did not appear
to be damaged. In this case, the destruction of binary
toxin proteins, produced by B. sphaericus H5a5b
serogroup strains, could be attacked by active radicals,
such as sulphate, Cl-1, Cu+2, CH3, OH-1, NO2 etc.
Cokmus et al. [9] found that peroxide radicals generated by UV radiation could destroy 41.9 kDa and 51.4 kDa
toxic proteins of B. sphaericus. Our results are confirmed
their findings. A number of studies involving physical and
chemical factors were carried out on the larvicidal activity
of B. sphaericus strains so far. It was observed that different lethal dosages of UV light effectively reduced the
spore viability of B. sphaericus 1593, but had no effect on
larvicidal activity [6, 11, 27]. A few workers [1, 4, 29]
investigated the effect of several chemical compounds on
the mosquito pathogenic B. sphaericus strains [1, 4, 29].
Berber et al. [4] observed that increasing concentrations
of paraquat had no adverse effects on the toxin proteins of
B. sphaericus 1593 and 2362 strains. But, they found that
larvicidal activities of B. sphaericus 1593 and 2362
strains were maintained, despite the fact that paraquat
inhibited the spore germination. We found in this study
that various commercial pesticides in different concentrations reduced significantly the spore viability and larvicidal activity of B. sphaericus 2362 strain. Nevertheless, it
was obvious that the larvicidal activity disappeared, when
the bacterium grew at MIC or higher concentrations.
A linear relationship was found between pH and bacterial spore germination, generally enhanced at pH 7. However, complete inhibition of spore germination occurred at
and below pH 5 [28]. Also, some chemical agents caused a
dramatic reduction in the spore germination [1, 4]. The
larvicidal activity of B. sphaericus H5a5b serogroup depends on the presence of binary toxin proteins produced
during their sporulation [26]. Some researchers have
reported that high larvicidal activity occurs at pH 7 by the
mosquito pathogenic B. sphaericus strains [14, 28]. It was
reported that insecticidal activity of 1593 strain was lost
in low and high pH values, pH<4 and pH>10 [16, 28].

that of the vegetative cell and contains high levels of
core-specific proteins called small acid-soluble spore
proteins (SASPs). These are produced during the sporulation process and have at least two functions. SASPs bind
tightly to DNA in the core and protect it from potential
damage from ultraviolet radiation, desiccation, and dry
heat. In addition, SASPs function as carbon and energy
source for the growth of new vegetative cells from the
endospores [25]. Since the spores are more resistant to
environmental factors than SASP proteins, this germination
process might have been prevented due to degradation of
these proteins by pesticides examined in this study. Some
researchers reported that encapsulated spore-toxin complex
of B. sphaericus 2362 strain provided more resistance than
its free form in the control of mosquito larvae [13, 14, 17].
Actually, it may be useful to use an encapsulated sporetoxin complex of the bacterium to prolong the larvicidal
activity in organically and chemically polluted habitats.
One of the most important factors affecting the larvicidal activity is pollution of the water habitat [2]. The area
that larvicidal B. sphaericus strains are applied to combat
the mosquitoes in biological control is generally aquatic,
swampy fields that have been exposed to chemical pollution and in which mosquito larvae live. For this reason, it
is very important to detect how the spore viability and
larvicidal activity of B. sphaericus strains will be affected
in this kind of habitats that are polluted by various pesticides. In this study, the effects of B. sphaericus 2362
strain, an excellent mosquito pathogenic bacterium, on
spore viability, toxin stability and larvicidal activity were
examined for the first time. It is recommended to apply B.
sphaericus strains in field conditions against mosquito
larvae. It is important, however, to determine the toxin
stability and larvicidal activity of the microbiological
agent being used.

Our findings showed that the reasons for disappearance of larvicidal activity depend on the degradation of
binary toxin proteins by free radicals and decrease of pH
(<4) in the media that contain the pesticides. It may be
concluded from SDS-PAGE analysis, that the larvicidal
activity is dependent on the presence of the binary toxin
proteins in the parasporal inclusions. On the other hand,
when the bacterial colony exposed to the media containing different pesticide concentrations for 48 h is transferred onto NYSM agar plates, which do not contain
pesticides, both spores and larvicidal toxin proteins are
produced. This showed that no break occurred in the
genes coding the toxin proteins.
In addition to the low water content of the spore, the
pH of the core cytoplasm is about one unit lower than
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PHYSICAL AND CHEMICAL CHARACTERIZATION OF THE
WATER COLUMN IN THE PICENO COASTAL AREA (ADRIATIC SEA)
Alessandra Campanelli, Paola Fornasiero, and Mauro Marini
ISMAR-CNR Sezione Pesca Marittima. Lg. Fiera della Pesca, 60125 Ancona, Italy

SUMMARY
This paper summarises the research carried out from
2001 to 2002 in the coastal area of Piceno, NW central
Adriatic Sea. Physical and chemical oceanographic data
were collected to characterise this coastal ecosystem.
Temperature and salinity showed a seasonal variability
with a water column mixed in April and stratified in JuneAugust. Nutrient concentration indicated a high variability mainly due to the local river inflows as shown by
comparison between this area and a station located north
of Conero Promontory.

Five surveys were carried out between July 2001 and
August 2002 in the Piceno nearshore area (NW Central
Adriatic Sea) in order to characterise this coastal ecosystem from an oceanographic point of view. Investigations
were carried out within the framework of a research program aimed at evaluating the possible institution of a
protected marine area, the “Parco Marino del Piceno”.

KEYWORDS:
Coastal area, salinity, nutrients, dissolved oxygen.

INTRODUCTION
This paper analyses some physical and chemical parameters in a coastal area of the NW central Adriatic Sea,
south of the Conero Promontory (Fig. 1). This area is presently under consideration for the institution of the so-called
“Parco Marino del Piceno” protected marine area [1].
The Piceno coastal area is influenced by northern
Adriatic fresh water rivers (mainly the Po river) owing to
cyclonic circulation [2]. Cyclonic circulation helps to convoy the North Italian nutrient-rich fresh water inshore during winter and to dissipate the offshore regions in summer
through the establishment of a strong thermocline [3-5].
The thermohaline structure is strongly affected by
meteorological conditions, both large-scale (hydrological
balance related to rivers inflow; densification related to
the various hydrological yearly variable regimes) and
small-scale (perturbation with induced cooling, mixing
and summer fluctuation of the thermocline) [6].
Generally, the western Adriatic basin is characterised
by a decrease in surface nutrient concentration, from
north to south and from inshore to offshore, due to different fresh water inputs [7-10].

FIGURE 1
Location of sampling stations: five transects in front of Piceno area,
and the coastal station (Sg 1) of Senigallia (Central Adriatic Sea).

The dissolved inorganic nitrogen found in the water
column of the Piceno area was mainly of endogenous
origin and the concentration ratios of nitrites, nitrates and
ammonia developed upon season and weather conditions
[11].
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This work analyses seasonal variation of a set of parameters: DIN (dissolved inorganic nitrogen), orthosilicates,
orthophosphates and dissolved oxygen in five transects
between the Chienti river (Porto S. Elpidio) and the Tronto
river (S. Benedetto del Tronto) to a depth of 15 m (Fig. 1).

collect sea water samples. Seasave software was used for
acquisition display and processing the CTD data.
We collected 192 nutrient samples and 153 dissolved
oxygen samples. Sea water samples for dissolved oxygen
were analyzed on board and nutrients in the laboratory of
ISMAR-CNR (Ancona-Italy).

In order to examine the significance of north Adriatic
fresh water inputs with respect to those in the Piceno area,
this area was compared with a coastal area off Senigallia,
north of the Conero promontory.

DIN (Dissolved Inorganic Nitrogen), orthophosphate
and orthosilicate analyses were performed following the
colorimetric method modified by Bran Luebbe [12], using
an autoanalyzer TRAACS 800 (Technicon). Water samples
were filtered (GF/F Whatman, 25 mm diameter) and stored
at -22 °C in polyethylene vials. Winkler titrations were
used for dissolved oxygen analysis [13]. Sea water samples
were immediately fixed, stored in the dark and then analyzed with the potentiometric method within 24 hours.

MATERIAL AND METHODS
Investigations were carried out on five transects perpendicular to the coast, placed off the main rivers between
Porto S. Elpidio and San Benedetto del Tronto. Three sampling stations (0.5, 1 and 3 nautical miles (nm) from the
coast, respectively) were fixed along each transect. In the
same period sampling was carried out at one station off
Senigallia (Sg 1), 0.8 nm from the coast. In the first cruise,
physic parameters were recorded with an SBE19 CTD
(Conductivity Temperature Depth) and in the third, fourth
and fifth cruises with an SBE911 equipped with temperature
and conductivity sensors, a pump, a Sea Teck back scattering and a Datasonics altimeter. Niskin bottles were used to
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RESULTS
Physical parameters

Observation of temperature and salinity values showed
significant changes in the study area during the year on both
surface and bottom (Fig. 2). During the cruise of April 2001,
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FIGURE 2
Surface and bottom data of temperature and salinity at
coastal (a) and offshore (b) stations from July 2001 to August 2002.
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FIGURE 3
Surface (a) and bottom (b) concentration of nutrients (DIN, orthosilicates
and orthophosphates) at P1, P4, P7, P10 and P13 from July 2001 to August 2002.

the water column exhibited homogeneous temperature
and salinity at the coastal stations, with the former at
13.2°C ± 0.3; salinity varied slightly and was between
33.5 psu (Chienti river) and 36.3 psu (Tesino river). The
stations at 3 nm did not exhibit surface to bottom differences in either case. Temperature values showed the widest
range (surface: 14.0 °C, bottom 11.6 °C) at station 9 and
salinity at station 3 (37.8 and 34.4 psu, respectively). The
temperature and salinity data recorded during the summer
cruises (July 2001, June 2002, August 2002) evidenced
the formation of a horizontal stratification that was more
marked at the stations 3 nm from the coast. Surface temperature values were similar between coast and offshore
at all transects (24.5-27.3 °C). Bottom temperatures were
lower, especially at the stations 3 nm from the coast and,
particularly, in July 2001 and June 2002 (18.2-22.9 °C).
Chemical parameters

Nutrients concentrations (DIN, orthosilicates and orthophosphates) varied considerably throughout the study
area (Figs. 3 and 4). Surface and bottom DIN values declined from coastal to offshore stations in April 2002 and
January 2002 and less markedly at the other sampling times.

Orthosilicate concentrations had more irregular profiles,
especially on the bottom, whereas orthophosphates were
consistently scarce.
DIN and orthosilicate concentrations decreased from
coast to offshore stations in January 2002, surface values
being 5.3-9.7 µmol L-1 and 1.9-8.2 µmol L-1, respectively.
Greater differences were observed for bottom values,
especially DIN (1.6-10.3 µmol L-1). Orthosilicate values
were 2.4-8.6 µmol L-1 and orthophosphates exhibited
concentrations between 0.03 and 0.08 µmol L-1 throughout the water column.
DIN and orthosilicate concentrations underwent a
general decrease in April 2002 compared with January,
whereas orthophosphate concentrations did not vary significantly. Coastal surface values (Fig. 3a) reached 2.05.1 µmol L-1 (DIN), 0.1-6.6 µmol L-1 (orthosilicates), and
0.08-0.21 µmol L-1 (orthophosphates). At 3 nm the values were 2.5-2.9 µmol L-1, 0.1-2.7 µmol L-1 and 0.050.08 µmol L-1, respectively (Fig. 4a). Bottom values were
1.9-6.0 µmol L-1, 0.1-3.8 µmol L-1, and 0.06-0.10 µmol L-1
at the coastal stations (Fig. 3b) and 0.9-2.3 µmol L-1, 1.52.7 µmol L-1 and 0.07-0.09 µmol L-1, respectively, at the
offshore sampling sites (Fig. 4b).
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Nutrients exhibited a generalised increase in June
2002 compared with April. On the bottom, DIN and orthosilicates decreased from coast to offshore stations (4.612
a

9.5 µmol L-1 and 3.0-8.3 µmol L-1; 1.5-3.1 µmol L-1 and
0.5-1.9 µmol L-1, respectively).
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FIGURE 4
Surface (a) and bottom (b) concentration of nutrients (DIN, orthosilicates
and orthophosphates) at P3, P6, P9, P12 and P15 from July to August 2002.

Orthophosphates varied between 0.03-1.71 µmol L-1.
In the summers of 2001 and 2002, the water masses
exhibited different chemical characteristics: in July 2001
mean concentrations of DIN (4.7 ± 1.9 µmol L-1) and
orthosilicates (2.6 ± 2.1µmol L-1) on the coast were higher
compared to those of August 2002 (1.0 ± 0.5 µmol L-1
and 1.8 ± 0.8 µmol L-1, respectively), while orthophosphates exhibited an opposite behaviour.
Dissolved oxygen (Fig. 5), expressed as percent saturation, was never below saturation level and such as to
give rise to hypoxic events.
DISCUSSION AND CONCLUSIONS
The Adriatic is a continental sea and, therefore, it is
strongly affected by meteorological conditions, which (in
the study area) produce physical and chemical variations in
the course of the year. The scarce depth and the local river
inflows contribute to the high instability of the area. The
comparison between the coastal stations and station Sg 1

(Figs. 6 and 7) evidenced that the local freshwater input
exerted a greater influence on the trophic balance than that
from the northern Adriatic rivers (signally the Po).
At all sampling times, the study area exhibited considerable variability in nutrients distribution. Only in July
2001 the coastal and intermediate stations of the northern
transects exhibit higher surface orthosilicate concentrations compared with the more southern ones, evidencing a
gradient (Fig. 6a).
b
The concentrations of DIN and orthosilicates observed at station Sg 1 were similar to those determined at
coastal stations. Data analysis evidenced higher DIN and
orthosilicate surface values in the Piceno area compared
with station Sg 1 in July 2001 (Si(OH)4 = 1.8 µmol L-1;
DIN = 0.3 µmol L-1; Fig. 6).
Significant differences were measured between nutrient concentrations at Sg 1 and the coastal stations of some
transects at the different sampling times.
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A seasonal trend in DIN distribution was apparent
throughout the water column, with higher concentrations
in winter than summer at both coastal and offshore stations (Fig. 6 and 7). This seasonal trend was less marked
for orthosilicates and orthophosphates.
a

DIN generally showed a decreasing coast-offshore
gradient; orthosilicates exhibited greater variability.
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FIGURE 7 - Bottom concentration of orthosilicates (a) and DIN (b) at P1, P4, P7, P10,
P13 and Sg1 from July 2001 to August 2002.
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In July 2001, but also during January and June 2002
the surface concentrations of DIN and orthosilicates close
to some river estuaries were higher than at station Sg 1.
This indicates the importance, at these times, of local
freshwater inputs to the trophic balance of the coastal area
of Piceno. However, eutrophication phenomena, characterised by excessive nutrient values or high oxygen consumption on the bottom, were never observed.
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ON PHYTOHORMONE LEVELS IN SOME LICHENS
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SUMMARY

INTRODUCTION

In the present study the effect of sulfur dioxide pollution on phytohormonal levels and morphological changes
in lichens was investigated. Fumigated sulfur dioxide was
applied to Dermatocarpon intestiniforme (Körber) Hasse,
Flavoparmelia caperata (L.) Hale, Lecanora muralis
(Schreber) Rabenh., Neofuscelia pulla (Ach.) Essl., Rhizocarpon geographicum (L.) DC., Rhizoplaca melanophythalma (DC.) Leuck.& Poelt, Tephromela atra (Huds.)
Hafellner, and Xanthophoria elegans (Link.) Th. Fr. in a
glass chamber. Dermatocarpon intestiniforma and Leconara
muralis were found to be the most tolerant species.

The industrial development started during the second
part of the 19th century and was accompanied by harmful
phenomena, such as noise, smoke and soot. Ecological
accidents resulted in a demand for more information and
monitoring of the environment. The inefficacy of monitoring instruments directed scientists to search for biological and natural monitoring indicators. Lichens are used as
biomonitors and early warning systems for many pollutants. Especially the effect of air pollutants on lichens is
well-documented and, therefore, they are ideal as indicators for air pollution [1].

Significant changes in giberellic acid (GA3)-equivalents,
indole-3-acetic acid (IAA), trans-zeatin (t-Z) and abscisic
acid (ABA) levels and morphological degeneration were
found in most of the lichen species compared to control
samples, but also cholorosis, necrosis, detachment from the
substrate and chlorophyll breakdown could be observed.

Lichens are very sensitive to sulfur dioxide. Different
lichen species have also different degrees of sensitivity to
air pollutants [1, 2]. Fungal cells are more tolerant to air
pollutants. The algal cells of lichen species are the primary target of pollution-induced damage [3]. Nash [4] carried out an SO2 fumigation experiment on 23 lichen species and found out that Parmelia caperata is the most
sensitive, whereas Lecanora conizaeoides is the most
tolerant species. He also reported that the moisture content is extremely important in determining the response of
lichens to SO2 under the conditions of high humidity.

ABA levels increased in all lichen species from approx. 1/3 to 8-fold, whereas zeatin levels decreased between 21% and 76%. Elevated levels of GA3-equivalents
were found in Dermatocarpon intestiniforme, Neofuscelia
pulla and Leconara muralis. However, the level of GA3equivalents decreased between 15% and 45 % in the others.
The levels of IAA were found to be 35% higher in
Leconara muralis. A significant change was not determined in Dermatocarpon intestiniforme, whereas IAA
values decreased from 16% to 89% in the other species
examined.

KEYWORDS: Lichens, sulfur dioxide pollution, giberellic acid,
indole-3-acetic acid, trans-zeatin, abscissic acid.

The lack of defensive mechanisms in lichens, such as
stomatal control of gas exchange and the ability to shed
pollution-laden leaves implies that gaseous air pollutants
emitted from many sources are easily absorbed and accumulated in lichen thalli [5].
SO2 pollution was reported to cause chlorophyll
breakdowns and to reduce ATP concentrations and photosynthesis, but also the disappearance of species [6-8]. SO2
plays an important role in chlorophyll oxidation [9] and in
morphological degeneration [4]. Exposure of plant leaves
to high concentrations of SO2 inhibited the photosynthesis
in Spinach oleracea [9].
It has also been reported that SO2 effects the inhibition of key enzymes, protein and lipid biosynthesis and
the breakdown of molecules [10], and disintegrates the
lipids of the cell membrane. SO2 also influences the electron
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flow to NADP+ in photosynthesis. Bisulphate ions compete
with phosphate ions for the same binding site, which is
crucial in phosphorylation [11]. Oxidative stress in lichens
may generate superoxide radicals [12]. Baddeley [13] and
Ferry et al. [14] observed that other aspects of lichen metabolism are involved in both respiration and nitrogen
activity.
In contrast, lichens also produce a great number of
different secondary metabolites which have a defensive
function against an adverse environment [12].
Phytohormones play an important role in all phases of
plant growth and development, from cell division and
enlargement to the formation and maturation of flowers
and fruits. They affect metabolism, including the activities of enzymes and the biosynthesis of some growth
factors. They also influence the appearance of organelles
and flow of assimilates or nutrients through the plant.
They enhance the plant`s resistance to adverse environments [15, 16, 31].
Kiran et al. [17] reported increased ABA levels with
increasing SO2 concentration, whereas cytokinin, IAA
and gibberellin levels in Triticum aestivum were found to
be at the same levels as in control samples. Environmental
pollution with heavy metals decreased auxin, cytokinin
and giberellic acid activity in European privet (Ligustrum
vulgare L.) and lilac (Syringa vulgaris L.) [18].
Although there are many reports on the effects of SO2
on growth, development and physiological responses of
lichens as well as on the phytohormonal levels of macrofungi [19] and algae [20, 21], there is no report in the
literature on the influence of SO2 on the phytohormonal
balance in lichens. Therefore, the purpose of the present
work was to investigate the effect of SO2 on the changes
of auxin, cytokinin, ABA and GA3-equivalent levels and
morphological abnormalities in some lichen species.
MATERIALS AND METHODS
Sample collection and SO2 treatment: Eight lichen species were collected from Erek Mountain in the province of
Van, Turkey in October 2002. They were identified in the
Laboratory of Lichenology at the Department of Biology,
University of Ataturk, Erzurum, using various floras [22-24]
as Dermatocarpon intestiniforme (Körber) Hasse, Flavoparmelia caperata (L.) Hale, Lecanora muralis (Schreber)
Rabenh., Neofuscelia pulla (Ach.) Essl., Rhizocarpon geogra-phicum (L.) DC., Rhizoplaca melanophythalma (DC.)
Leuck. & Poelt, Tephromela atra (Huds.) Hafellner, and
Xanthophoria elegans (Link.) Th. Fr.
Fumigation of lichens with SO2 was performed in a
1 m3 glass-made growth chamber modified by Efe and
Ozbay [25]. Two isolated holes were drilled on two opposite sides of the chamber to provide gas exchange and to
keep the gas level constant. SO2 was obtained by dropping diluted HCl (25 %) into a stirred sodium sulfite solu-

tion and it was delivered into the growth chamber via a
tube with air passing through an air pump. The opposite
hole was used for gas exchange. SO2 was monitored with
an automatic gas measurement device (Gastech-GX-86)
and the gas flow rate was kept constant at 10 ml per min
during the study period. The lichens were exposed to SO2
for 8 hours a day for 4 weeks, water was sprayed on them
twice a week and they were also exposed to day light
illumination.
Phytohormones analysis with HPLC and light microscopy investigation: Extraction, purification, and isocratic
HPLC analysis were carried out according to the modified
methods of Metzger [26], Battal and Tileklioğlu [19] and
Kuraishi et al. [27].
Two g aliquots were taken from each lichen species
andground in liquid nitrogen. Then cold methanol was
added and the mixture was homogenized in an ultra tissue
lysis (Ultrasonic Processor Jenway LTD.) at 4 °C for 1 h.
The homogenization process was then continued at 4 °C
for 24 h in the dark, the samples were filtered through
filter paper (Whatman No. 1) and the supernatant was
transferred into clean vials. The residues were reprocessed
and combined with the former supernatant. The combined
supernatants were filtered through PTFE filters (0.45 µm)
and methanol was removed under reduced pressure. Then
the extracts were redissolved in 0.1 M KH2PO4 (pH 8)
buffer solution and centrifuged at 10,000 rpm for 1 hour at
4 °C. The extracts were passed through polyvinylpolypyrrolidone (PVPP) and Sep-Pak C18 (Waters) cartridges. The
hormone absorbed by the cartridge was eluted with 80%
methanol-water (v/v) and the extract collected in a vial.
Phytohormones were separated isocratically with an HPLC
system consisting of 6000A pump (Waters), UV detector
(Unicam) and a µBondapack column.
For morphological observations vertical and horizontal hand sections approximately 15 µm thick were taken
from control and test lichen specimens and investigated
under a light microscope.
RESULTS AND DISCUSSION
Morphological observations: The phytohormonal levels and lichen morphology were seriously influenced
under the conditions of SO2 fumigation. Pigment changes
that occurred in the algal cells were revealed by microscopic analysis. Their original colours have been gray,
black, yellowish, brown and orange, but relative discoloration in algal cells and bleaching in chloroplasts, surface
cracks, detachment of algal cells from the substrate were
observed and whitish fungal cells became apparent. SO2
is emitted from many sources and absorbed/ accumulated
in lichen thalli [11]. The lack of stomata and a cuticle in
lichens means that aerosols and gases may be absorbed
over the entire thallus surface and may readily diffuse
down to the photobiont (or algal) layer. Sulfur dioxide
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TABLE 1 - The level of phytohormones obtained from lichen specimens (µg g-1 FW).

Species
Rhizocarpon geographicum
Flavoparmelia caperata
Rhizoplaca melanophythalma
Dermatocarpon intestiniforme
Neofuscelia pulla
Tephromela atra
Xanthophoria elegans
Lecanora muralis

Control
SO2
Control
SO2
Control
SO2
Control
SO2
Control
SO2
Control
SO2
Control
SO2
Control
SO2

GA3-equivalent Levels

IAA Levels

Zeatin Levels

ABA Levels

75.97±3.12
64.43±2.47
84.28±4.21
46.23±1.56
150.48±8.91
121.16±5.27
120.12±4.21
243.63±12.36
59.39±2.68
137.05±4.96
123.86±5.61
83.48±9.31
36.43±2.31
30.56±1.02
63.89±3.08
140.06±6.12

1.28±0.06
0.98±0.01
3.48±0.83
1.06±0.07
3.08±0.70
1.52±0.05
2.41±0.09
2.50±0.03
2.20±0.61
0.24±0.01
1.93±0.02
0.47±0.01
3.42±0.07
2.86±0.03
7.95±1.22
10.79±2.61

3.42±0.61
2.68±0.32
4.69±0.88
3.28±0.41
2.48±0.25
1.11±0.01
1.15±0.06
1.21±0.08
1.79±0.04
0.52±0.01
2.03±0.07
1.82±0.06
1.76±0.01
0.43±0.01
0.92±0.02
0.51±0.01

1.23±0.01
1.68±0.01
0.12±0.01
0.36±0.02
0.81±0.01
1.65±0.06
0.19±0.01
0.59±0.01
0.16±0.01
0.93±0.02
0.121±0.01
0.93±0.01
0.07±0.01
0.09±0.01
0.59±0.01
1.84±0.08

FW = fresh weight

may yield anions, bisulfite and sulfite in the cells. These
anions are cytotoxic owing to their reactivity. Fungal cells
were more resistant to SO2. Therefore, algal cells died earlier and fungal cells became visible. The relative sensitivity
of particular lichens can be only partially explained in
terms of the tolerance of the contained algal strains. The
most tolerant species against SO2 were Dermatocarpon
intestiniforme and Lecanora muralis, because surface cracks
were fewer and discoloration, detachment from substrate
and deformation in algal cells were weaker during the fumigation period with SO2 compared to the other species.
This result indicates that morphological changes are species-specific. Degradation of chlorophyll and other pigments are also one of the most obvious signs of damage to
lichens affected by SO2 [28]. SO2 functioned as a directly
oxidizing agent, hence the chlorophyll molecules were
irreversibly oxidized [9]. Therefore, oxidants might be
responsible for changes in morphology [4]. The oxidant
injury in vascular plants is well-documented in the literature, therefore, it was assumed that SO2 fumigation was
probably responsible for morphologic changes in lichens.
Effects of SO2 fumigation on the levels of phytohormone: In general, SO2 affected the phytohormonal levels
in lichens. The levels of GA3-equivalents increased between 2 and 2.5-fold in Dermatocarpon intestiniforme,
Neofuscelia pulla and Leconara muralis species, whereas
they decreased between 15 % and 45 % in the rest under
SO2 fumigation compared to controls.
The levels of IAA were elevated by 35 % in Leconara
muralis. A significant change was not observed in
Dermatocarpon intestiniforme. However, IAA levels were
reduced between 16.4 % and 89 % in the rest of lichen
species examined. A significant difference in trans-zeatin
level was not observed in Dermatocarpon intestiniforme
and Tephromela atra exposed to SO2 fumigation. Howev-

er, reduced zeatin levels were observed in all other species and the decrease varied between 22 % and 76 %,
compared to controls.
Elevated levels of SO2 are correlated with chlorophyll
breakdown and reduced photosynthesis [6]. Furthermore,
uptake of SO2 primarily involves a physiochemical process with limited biological control by the lichens. Metabolic effects are primarily attributable to the inhibition of
key enzymes, which are involved in the cell wall-structure
formation [9, 25] or even the breakdown of molecules.
Considerable sulfite oxidation should be expected to lead
to the inactivation of some enzymes.
Protein and lipid biosynthesis are reduced by air pollution after fumigation [10]. Lipids are essential constituents of the membrane. Therefore, inhibited lipid biosynthesis relates to impaired membrane integrity.
The mechanism of the toxicity includes not only chlorophyll breakdown, which is markedly evident at low pH,
but also potentially the interference with the electron flow
to NADP+ and the competition of bisulphate with phosphate ions for the same binding site, which is critical in
phosphorylation [28].
These negative influences of SO2 on the metabolic
process may have resulted in direct or indirect effects on
the production of phytohormones in the lichens.
Likewise, SO2 toxicity may cause inhibition of biosynthesis and/or breakdown of IAA, zeatin and GA3-equivalents. This resulted in reduced levels of those compounds in
lichens. The decreased IAA levels reported in the present
study are in agreement with the findings of Kiran et al. [17]
indicatingd that IAA level was reduced by the oxidation of
sulfite in Triticum aestivum. The reason of increased GA3equivalent levels in Dermatocarpon intestiniforme, Neofus-
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celia pulla and Leconara muralis and increased IAA level
in Leconara muralis is supposed to be the fungal cells that
are more resistant to SO2 [3]. Moreover, lichens produce a
great number of different secondary metabolites. Many of
them have a defensive function against pollutants by protecting the thalli from dangerous toxic action of free radicals produced by oxidative stress exposure [5, 12].

[7]

Hill, D.J. (1971) Experimental study of the effect of sulphite
on lichens with reference to atmospheric pollution. New
Physiologist 70, 831-836.

[8]

Perkins, D.F. and Millar, R.R.O. (1987) Effects of airborn
floride emission near an alliminium works in Wales: Part-1
Corticolus lichens growing on broadleaved trees. Environmental Pollution 47, 63-78.

Wirth and Turk [29, 30] suggested that physical and
chemical factors were involved including morphological
and anatomical properties or possibly the presence of
certain lichen substances. Putting all these facts together
might hinder the penetration of SO2 and, thus, render a
particular and more tolerant species.

[9]

Takahama, U., Velijovic-lovanovic, S. and Heber, U. (1992)
Inhibition of sulfite oxidation in the apoplast by ascorbate
and of apoplastic peroxidase by sulfite. Plant Physiol. 100,
262-266.

ABA levels were increased in all species exposed to
SO2. ABA values increased between 36.6 % and 28.6 %
in Rhizocarpon geographicum and Xanthophoria elegans,
respectively. Moreover, ABA levels were found to be 2 to
7-fold higher in the rest of lichen species compared to
controls. ABA is well-known as a stress factor in higher
plants [31]. The exposure of lichens to SO2 fumigation
may have caused a stress condition and increased ABA
levels in all lichen species might be due to SO2 toxicity.
This result is in accordance with the finding of Kiran et
al. [17] indicating that there is a synergistic interaction
between SO2 toxicity and ABA levels in Triticum aestivum. As a result, although morphologic observations
indicated that Dermatocarpon intestiniforma and Lecanora muralis were the most tolerant species against SO2,
Rhizocarpon geographicum and Xanthophoria elegans
were also found to be tolerant to SO2 pollution based on
our phytohormonal findings. The resistance of these species against SO2 fumigation might be due to the fungal
symbiont of lichens.
Further studies are necessary to assess lichen sensitivity to SO2 in relation to phytohormonal levels.

[11] Richardson D.H.S. (1988) Understanding the pollution sensitivity of lichens. Botanical Journal of the Linnean Society 96,
31-43.
[12] Caviglia, A.M., Nicora, P., Giordani, P., Brunialti, G. and
Modenesi, P. (2001) Oxidative stress and usnic acid content
in Parmelia caperata and Parmelia soredians (Lichenes). II
Farmaco 56, 379-382.
[13] Baddeley, M.S., Ferry, B.W. and Finegan, E.J. (1971) A new
method of measuring lichen respiration: response of selected to
temperature, pH and sulphur dioxide. Lichenologist 5, 18-25.
[14] Ferry, B.W., Baddeley, M.S. and Hawksworth, D.L. (1973)
Air pollution and lichenes. University of Toronto Press. Toronto, 27-63 pp.
[15] Trewavas, A.. (1981) How do plant growth substances work?
Plant Cell Environment 4, 203-204.
[16] Skoog, F. and Armstrong, D.J. (1970) Cytokinins annual
rewiev. Plant Physiol. 21, 359-384.
[17] Kiran, Y., Munzuroglu, O. and Cobanoglu, D. (2001) The effects of sulphur dioxide (SO2) on germination and eendogenous hormone content in wheat seeds (Triticum aestivum L.).
F. Ü. Fen ve Müh. Bilm. Derg. 13, 57-65.
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CONTRIBUTION TO THE URBAN FLORA OF GREECE:
THE APOPHYTES OF THE CITY OF PATRAS
Georgios Chronopoulos and Dimitrios Christodoulakis
Botanical Institute, Department of Biology, University of Patras, 265 00 Patras, Greece

SUMMARY
The apophyte flora of the city of Patras (Western
Greece) consists of seventy vascular plant taxa and is discussed in relation to the city’s spatial structure, habitat
types and human impacts. Inner city areas have a small
number of apophyte taxa which, nevertheless, form a significant percentage of their total flora, while the outer semirural zone has lower percentages of apophytes. Walls show
the highest percentages of apophytes and phrygana or dry
xerophytic meadows are the major sources of apophyte
taxa in the city. A species list with habitat types and citation of voucher material is provided.

KEYWORDS:
Urban ecology, apophytes, Greece, urban flora.

INTRODUCTION
The present study is the third in a series carried out by
the authors as part of a research project on the urban ecology of Greece. Work on the apophyte flora of Greece does
not exist as far as the authors know and that of a Greek city,
relative to the city’s spatial structure, habitat types and
human impacts, is studied here for the first time.
The city of Patras lies on the NW coast of Peloponnisos (Figure 1). The study area includes the whole metropolitan area of Patras (size and population averaged by
Greek standards), covering an area of ca. 58 km2 with a
population of ca. 180,000 inhabitants (2001 census data).
Two regions can be identified in the study area: a) the
valley and b) the hilly region. The valley region contains
most of the city of Patras and its outskirts. The hilly region (on the eastern edge of the valley) comprises the
western foothills of Mt. Panachaiko and includes, apart
from the more natural environment, a part of the main
urban network of Patras. This section of the study area is
of special interest because of the coexistence and contrast
of the semi-natural (or natural) and urban elements.

FIGURE 1
Map of the study area with its four ecological zones.

The present contribution is part of a Ph.D. thesis undertaken by the first author at the University of Patras.
MATERIALS AND METHODS
The division of the metropolitan area of Patras into
four ecological zones (inner city, outer central, suburban,
and the outer semi-rural zones) is according to city planning and land use types (Figure 1) created by Chronopoulos and Christodoulakis [1]. Seventeen representative
urban habitat types were also distinguished (Table 1).
The flora of Patras was registered from 1993 to 2001
[see also 2, 3]. In addition, 400 vegetation relevés of 1-100 m2
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TABLE 1
Numbers and proportions of apophytes for each urban habitat type of Patras in relation to the degree of human impact.

Habitat type
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Walls
Archaeological sites
Cemeteries
Disused industrial areas
Urban forests
Railway tracks
Wastelands Z3*
Planted green areas
Wastelands Z1*
Wastelands Z4*
Stone-paved areas
Roadsides
Fallow land
Coastal wastelands
Pavements
Wastelands Z2*
Tree beds

Amplitude of human impact
per habitat type according to
the hemeroby scale

Total number of
taxa per habitat

H4-7
H4-8
H4, 7-8
H5-9
H2-5
H4-9
H4-9
H7-8
H6-9
H3-9
H8
H5-9
H5-8
H6-9
H8-9
H5-9
H8-9

88
199
179
150
225
335
357
209
172
576
48
303
329
195
122
185
91

Apophytes
Number
32
39
34
27
33
47
43
26
21
62
5
28
29
16
10
15
-

%
36.4
19.6
19.0
18.0
14.7
14.0
12.5
12.4
12.2
10.8
10.4
9.2
8.8
8.2
8.2
8.1
0

*Z1-4: see Table 3

were taken from all habitat types of each ecological zone,
using the Braun-Blanquet approach. To evaluate the sum
effects of past and present human activities on the current
site conditions or the vegetation of each relevé, the hemeroby scale was used [1].
Following Thellung [4, 5], Schröder [6, 7] and Sukopp (pers. com.), all taxa recorded were categorized into
synanthropic and non-synanthropic taxa, according to
their relation with humans. Two important groups were
distinguished in the synanthropic category: adventives
and apophytes, i.e. native taxa that have moved by their
own dispersal mechanisms from their primary, natural and
semi-natural habitats to secondary, man-made ones [5].
In the flora of Patras, apophytes were characterized as
those taxa whose primary distribution in the study area was
confirmed from natural (e.g. phrygana, macchie, wetlands)
and semi-natural habitats (e.g. degraded phrygana, remnants of wetland formations). Simultaneously, their secondary distribution was confirmed in typical urban and
semi-urban or agricultural habitats. The apophytes of the
flora of Patras include only the categories of hemiapophytes and holoapophytes [8]. The recognition of proapophytes is not practically possible, as they have integrated
themselves to a large extent into habitats with mild human
impacts.
The nomenclature used here follows Strid and Tan [9,
10], Greuter et al. [11], and Tutin et al. [12, 13] for taxa
not covered in the above works. The sequence of families,
genera and species in the list is alphabetical. Voucher

specimens are deposited at the Botanical Museum of the
University of Patras (UPA).
LIST OF PLANTS
Pteridophyta
Aspleniaceae
Asplenium ceterach L. - Ζ2-3; 1-3; Chron. 1879
Equisetaceae
Equisetum ramosissimum Desf. - Ζ2-4; 4, 6-7, 10, 12, 14;
Chron. 681, 1045
Polypodiaceae
Anogramma leptophylla (L.) Link - Ζ2-4; 1-3; Chron.
2331
Dicotyledones
Araliaceae
Hedera helix L. - Ζ1-4; 1-10, 13, 16; Chron. 385
Campanulaceae
Campanula erinus L. - Ζ2-4; 1-5, 7, 10, 16; Chron. 1090
C. ramosissima Sm. - Ζ1-4; 2, 4-8, 10, 12-13; Chron.
1205
Caryophyllaceae
Arenaria leptoclados (Reichenb.) Guss. - Ζ1-4; 1-4, 6-7,
9-10, 12-13, 15-16; Chron. 774, 872
Cerastium brachypetalum Pers. ssp. roeseri (Boiss. &
Heldr.) Nyman - Ζ3-4; 6-8, 10, 13; Chron. 1287, 2328
Petrorhagia dubia (Rafin.) G. López Romo - Ζ3-4; 3, 6,
8, 10, 12-13; Chron. 1032, 2410
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Silene nocturna L. - Ζ1-4; 1-10, 12, 14, 15-16; Chron.
395, 1552
Chenopodiaceae
Salsola kali L. - Ζ3-4; 7, 10, 14; Chron. 366
Compositae
Bellis perennis L. - Ζ1, Z3-4; 3, 7-8, 10; Chron. 806, 754
Crepis foetida L. ssp. commutata (Sprengel) Babcock Ζ1-4; 1-3, 5-7, 9-10, 12-13, 16; Chron. 182, 492
C. foetida L. ssp. foetida - Ζ3-4; 4, 6-7, 10, 12, 14; Chron.
439, 2432
C. hellenica Kamari ssp. hellenica - Ζ2-4; 5-8, 10, 16;
Chron. 858, 1801
C. setosa Haller - Ζ1-4; 1-2, 4, 6-15; Chron. 303, 1987
Filago pyramidata L. - Ζ3-4; 3-7, 10, 12; Chron. 1660,
1635
Hedypnois cretica (L.) Dum.-Cours. - Ζ3-4; 1-2, 5, 10,
13-14; Chron. 457, 1467
Hypochoeris achyrophorus L. - Ζ1-4; 1-7, 9-10, 12-14,
16; Chron. 640, 1307
H. cretensis (L.) Bory & Chaub. - Ζ1-4; 5-7, 9-10, 12-13,
15; Chron. 141, 1857
Leontodon tuberosus L. - Ζ2-4; 2-3, 5-8, 10-11, 13;
Chron. 914, 718
Phagnalon graecum Boiss. & Heldr. - Ζ1-4; 1-3, 5-6, 910; Chron. 108, 219
Reichardia picroides (L.) Roth. - Ζ1-4; 1-11, 16; Chron.
390, 633
Tragopogon porrifolius L. ssp. porrifolius - Ζ2-4; 2-3, 57, 10, 12-13; Chron. 92, 1096
Crassulaceae
Sedum cepaea L. - Ζ1-2; 4, 6, 9, 15-16; Chron. 2144
S. litoreum Guss. - Ζ1-4; 1-2, 6, 9, 12, 15-16; Chron.
2283, 2330
Umbilicus chloranthus Heldr. & Sart. - Ζ1-2; 1-3; Chron.
607
U. horizontalis (Guss.) DC. - Ζ2, Ζ4; 1-2, 10; Chron.
1640

Leguminosae
Medicago coronata (L.) Bartal. - Ζ3-4; 1-2, 7, 10, 13;
Chron. 1209, 1531
Trifolium campestre Schreber - Ζ3-4; 1, 3-8, 10, 12-13;
Chron. 174, 1488
Linaceae
Linum strictum L. - Ζ3-4; 2-3, 5-8, 10, 13; Chron. 132,
1764
Moraceae
Ficus carica L. - Ζ1-4; 1-4, 6-7, 9-13, 15-16; Chron. 335
Papaveraceae
Glaucium flavum Crantz - Ζ3-4; 1-2, 10, 14; Chron. 64,
1469
Polygonaceae
Rumex conglomeratus Murray - Ζ1, Ζ3-4; 4, 6-10, 12-14;
Chron. 508, 1891
Ranunculaceae
Clematis vitalba L. - Ζ1-4; 2-4, 6-7, 9-10, 12-13; Chron. 424
Rosaceae
Potentilla reptans L. - Ζ1, Ζ3-4; 4, 6-8, 10, 12-13; Chron.
1718, 2019
Sanguisorba minor Scop. ssp. magnolii (Spach) Briq. Ζ1, Ζ4; 3, 5-6, 8-10; Chron. 515
Rubiaceae
Galium murale (L.) All. - Ζ1-4; 1-3, 5-6, 9-11, 15-16;
Chron. 1155, 1447
Valantia muralis L. - Ζ3-4; 1-2, 6, 10; Chron. 1008, 1057
Saxifragaceae
Saxifraga tridactylites L. - Ζ1-2, Ζ4; 1, 6, 9, 15-16;
Chron. 896, 2265

Cruciferae
Erysimum graecum Boiss. & Heldr. - Ζ4; 10; Chron.
1411, 1813

Scrophulariaceae
Misopates orontium (L.) Rafn. - Ζ1-4; 1-4, 6-7, 10, 13;
Chron. 340, 1446
Veronica anagallis-aquatica L. - Ζ1, Ζ4; 6, 8, 10; Chron.
1135, 1623

Gentianaceae
Centaurium erythraea Rafn ssp. erythraea - Ζ3-4; 2-4, 78, 10; Chron. 178, 566

Solanaceae
Hyoscyamus albus L. - Ζ4; 1-2; Chron. 1060

Geraniaceae
Geranium robertianum L. ssp. purpureum (Vill.) Nyman
- Ζ1-4; 3-7, 9-10, 16; Chron. 828, 1390

Theligonaceae
Theligonum cynocrambe L. - Ζ1-4; 1-3, 5-8, 10; Chron.
825, 856

Labiatae
Satureja graeca L. - Ζ4; 1-5, 10; Chron. 1508, 1634
S. juliana L. - Ζ2-4; 1-3, 5-7, 10; Chron. 186, 618
S. nepeta (L.) Scheele - Ζ3-4; 5-7, 10, 12-14; Chron. 520,
1223

Umbelliferae
Apium nodiflorum (L.) Lag. - Ζ3-4; 6-7, 10, 12; Chron.
2018, 2427
Pimpinella peregrina L. - Ζ2-4; 3, 5-7, 10, 12-13, 15;
Chron. 302, 1974
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Monocotyledones
Cyperaceae
Carex divisa Hudson - Ζ2, Ζ4; 2, 8, 12, 14; Chron. 1050,
2305
C. divulsa Stokes ssp. divulsa - Z2-4; 5, 7-8, 10, 13, 16;
Chron. 1234, 1419
Scirpus holoschoenus L. - Ζ1, Ζ3-4; 4, 6-7, 9-10, 12, 14;
Chron. 266, 1996

Iridaceae
Gladiolus italicus Miller - Ζ3-4; 3, 6, 10, 13; Chron.
1034, 1902
Romulea columnae Seb. & Mauri ssp. columnae - Ζ3-4; 5,
10; Chron. 1020

Gramineae
Brachypodium distachyon (L.) Beauv. - Ζ2-4; 1-7, 10;
Chron. 938, 2326
Dactylis glomerata L. ssp. hispanica (Roth.) Nyman - Ζ14; 1-8, 10, 13; Chron. 386, 794
Lagurus ovatus L. - Ζ4; 2, 5-6, 10, 12, 14; Chron. 239,
260
Phleum subulatum (Savi) Ascherson & Graebn. ssp. subulatum - Ζ3-4; 2, 4, 6-8, 10, 12-14; Chron. 536, 979
Poa bulbosa L. - Ζ3-4; 1-3, 5, 10; Chron. 620, 1086
P. trivialis L. ssp. sylvicola (Guss.) H. Lindb. - Ζ3-4; 5-8,
10, 12-14; Chron. 176, 1540
Polypogon monspeliensis (L.) Desf. - Ζ1-4; 4, 6-7, 9-10,
12, 14; Chron. 441, 1840
P. viridis (Gouan) Breistr. - Ζ3-4; 4, 6-8, 10, 12; Chron.
2033
Stipa capensis Thunb. - Ζ3-4; 1-2, 5, 10; Chron. 1777

Liliaceae
Allium guttatum Steven ssp. sardoum (Moris) Stearn - Ζ34; 1-3, 5, 7, 10; Chron. 252, 617
A. neapolitanum Cyr. - Ζ1, Ζ4; 9-10, 13; Chron. 968
Ornithogalum collinum Guss. - Ζ1, Ζ4; 8, 10, 13; Chron.
775, 1003
Orchidaceae
Orchis coriophora L. - Ζ3-4; 8, 10; Chron. 1482
(Abbreviations: Chron. = Chronopoulos; Z1-4 = ecological zones: see Table 3; 1-17 = habitat types: see Table 1)
DISCUSSION
The number of wild, vascular taxa recorded in the city
of Patras is 818 [3]. Apophytes compose a small amount of
the total flora of Patras (70 taxa, 8.6%). However, they are
of special importance as they represent that part of the
native flora diverting from the normal rules and, instead of
disappearing due to urbanization, are favoured and establish secondarily in man-made environments.

TABLE 2
The most common apophytes of the main urban habitat types and their probable origin.

Urban habitats
(Secondary distribution)
Walls
Disused industrial areas
Cemeteries
Planted green areas
Railway tracks
Wastelands Z1*
Wastelands Z3*
Stone-paved areas
Roadsides
Wastelands Z2*

Common apophytes
Arenaria leptoclados, Brachypodium distachyon,
Phagnalon graecum, Satureja juliana, Saxifraga
tridactylites, Stipa capensis, Umbilicus chloranthus
Brachypodium distachyon, Calystegia sepium ssp.
sepium, Ficus carica, Sedum cepaea, Scirpus
holoschoenus
Crepis foetida ssp. commutata, Allium guttatum ssp.
sardoum, Misopates orontium, Phagnalon graecum
Bellis perennis, Carex divulsa, Orchis coriophora,
Ornithogalum collinum, Poa trivialis ssp. sylvicola,
Potentilla retans, Veronica anagallis-aquatica
Clematis vitalba, Crepis hellenica ssp. hellenica,
Equisetum ramosissimum, Geranium robertianum ssp.
purpureum, Sedum cepaea, Tragopogon porrifolius
Arenaria leptoclados, Ficus carica, Hypochoeris achyrophorus, Sedum litoreum, Silene nocturna
Apium nodiflorum, Campanula ramosissima, Hedera
helix, Medicago coronata, Polypogon monspeliensis,
Satureja juliana, Trifolium campestre
Galium murale
Filago pyramidata, Hypochoeris achyrophorus,
Petrorhagia dubia, Poa trivialis ssp. sylvicola,
Rumex conglomeratus
Crepis foetida ssp. commutata, Crepis hellenica ssp.
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Natural habitat of origin
(Primary distribution)
Phrygana, therophytic
meadows, rocky habitats
Therophytic meadows,
wetlands, gullies
Phrygana, rocky habitats
Wet meadows
Phrygana, macchie,
therophytic meadows,
wetlands, rocky habitats
Phrygana, gullies, therophytic
meadows, rocky habitats
Phrygana, macchie,
therophytic meadows, wetlands
Rocky habitats
Therophytic meadows,
Wet meadows
Phrygana, rocky habitats
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hellenica, Sedum litoreum, Saxifraga tridactylites
Árenaria leptoclados, Ficus carica, Galium murale,
Silene nocturna

Gullies, rocky habitat,
therophytic meadows

*Z1-3: see Table 3

The topography of the study area allows the intense alternation of man-made and natural environments, resulting
in the enrichment of the city’s flora with apophytes.
Sources of this enrichment are the macchie formations
(Quercetea ilicis Br.-Bl. ex A. & O. Bolòs 1950), phrygana
(Cisto-Micromerietea Oberd. 1954), communities of perennial steppe-like grasses (Lygeo-Stipetea Rivas-Martìnez
1978 nom. conserv.), dry therophytic meadows (Helianthemetea guttati (Br.-Bl. in Br.-Bl., Rousine & Nègre 1952),
Rivas Goday & Rivas-Martìnez 1963 em. Rivas-Martìnez
1978), wetland vegetation (Phragmito-Magnocaricetea Klika
in Klika & Novak 1941), perennial coastal ammophilous
vegetation (Ammophiletea Br.-Bl. & Tüxen ex Westhoff,
Dijk & Passchier 1946), pioneer coastal vegetation of Cakiletea maritimae Tüxen & Preising ex Br.-Bl. & Tüxen
1952, and the wet perennial meadow vegetation of the class
Molinio-Arrhenatheretea R. Tüxen 1937. The most important sources from which most of the common apophytes
in Patras originate (Table 2) are the phrygana and dry therophytic meadows. This can be explained by the great
ecological similarities of the latter with most of the city’s
habitats that have similar dry conditions.
The number of apophyte taxa varies in different parts
of the city according to the degree of urbanization. Thus,
from the inner city zone to the outer semi-rural zone, the
total number of apophytes increased from thirty to sixtyseven, while as a percentage of the total taxa of each zone,
it remains at about the same level (ca. 12.5%) in the inner
city zone, outer central zone and suburban zone, and decreased to 8.9% in the outlying semi-rural zone (Table 3).
TABLE 3
Number and proportion of apophytes for each ecological zone in Patras.
Total number of taxa

Number of
apophytes

%

Inner city zone (Ζ1)

232

30

12,9

Outer central zone (Ζ2)

285

35

12,3

Suburban zone (Ζ3)

466

57

12,2

Outlying semi-rural zone (Ζ4)

754

67

8,9

Ecological zone

The apophytization process is more intense on the
city walls, where the percentage of apophytes reaches
36.4% (Table 1). This is mainly due to the large ecological similarities of the city walls with the dry therophytic
meadows, phrygana, and rocky habitats of the outer urban
area, from which most apophytes of Patras originate, and
to the medium-strength human influences that the walls
are subject to.

tats, this is due to the frequent presence of walls and other
stony substrates (e.g. marble tombstones), which favour
the creation of dry microclimates and the establishment of
a large number of apophytes from the therophytic meadows and phrygana. In addition, industrial areas have an
increased number of apophytes due to the abandonment
and disuse of such areas for several years. Generally, the
percentage of apophytes in other habitat types reduces
steadily until it reaches zero in the tree beds (Table 1).
This reduction is due to the increased intensity of human
impacts and the strong competition between apophytes
and the ruderal and adventive taxa.
The distinction of apophytes into hemi- and holoapophytes is not absolute due to the continuous changes
that the various habitat types sustain. Some hemiapophytes
that have established themselves in habitats with medium
human influences with hemeroby values 4-6 [1] are Allium
guttatum ssp. sardoum, Brachypodium distachyon (walls,
cemeteries, urban forests), Clematis vitalba (wastelands
in the suburban and outer semi-agricultural zones, railway
tracks), Linum strictum (wastelands in the outer semiagricultural zone, railway tracks, urban forests), Medicago coronata (walls, wastelands in the outer semiagricultural zone, cultivated land), Poa bulbosa, Satureja
graeca (walls, wastelands in the outer semi-agricultural
zone, cemeteries, urban forests) and Stipa capensis (urban
forests, walls, wastelands in the outer semi-agricultural
zone). Lastly, some examples of holoapophytes established in habitats with intense human disturbances with
hemeroby values of ≥7 [1] are: Arenaria leptoclados
(wastelands in the inner city zone, pavements), Bellis
perennis (planted green areas, cemeteries), Equisetum
ramosissimum (abundant on the railway tracks), Potentilla reptans (planted green areas, roadsides, railway tracks),
Saxifraga tridactylites (wastelands in the inner city and
the outer central zones, walls), Sedum cepaea (industrial
areas, railway tracks) and Umbilicus chloranthus (walls).
Furthermore, it should be mentioned that the different
behaviour in the distribution of plant taxa within the city of
Patras should also be attributed to the different dispersal
mechanisms they possess, e.g. wind dispersed plants [14].
Also the distribution of plant taxa in the city and their
characterization depending on their apophytism is not a
static condition, but rather a dynamic process that evolves
continuously. Based on the above, this paper records the
apophytes of the urban flora of Patras present during the
period of 1993 to 2001.

The percentage of apophytes occurring in archaeological areas (19.6%), cemeteries (19%) and industrial areas
(18%) is also significant. Especially in the first two habi-
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ENVIRONMENTAL IMPACT OF PAHS ON THE
METAL-SMELTING AREA OF TANGXIA, CHINA
Daohui Lin, Lizhong Zhu and Jing Wang
Department of Environmental Science, Zhejiang University, Hangzhou 310028, P.R. China

SUMMARY	
 

MATERIALS AND METHODS

Seventeen PAHs were simultaneously measured in
various environmental elements of a metal-smelting area
in Tangxia town of Eastern China. It could be observed
that their total concentrations in air, surface water, paddy
soil, rice root, rice shoot and rice seed were higher than
those previously recorded. This implies that the environment in the studied area is heavily polluted, especially by
2-4 ring PAHs, possibly originating from the metalsmelting industry.

KEYWORDS：	
 
PAHs, metal-smelting area, air, surface water, soil, rice.

INTRODUCTION
PAHs are by-products from the incomplete combustion
or pyrolysis of organic materials [1]. Many of these compounds are carcinogenic and/or mutagenic, and have been
detected in water, air, soil and vegetation [2-6]. Residential
heating, incineration, internal combustion engines and industrial activities, such as coke production, oil refining, aluminum production, metal smelting, etc., are major sources of
PAHs [2]. It was shown that environments in the vicinity of
some workplaces using coke or coal as fuels were more
heavily polluted by PAHs than in other places [7-11]. Gaseous and particle-bound PAHs can be transported over long
distances before deposition and may accumulate in vegetation [12-14]. This could indirectly cause human exposure to
PAHs through food consumption and, thus, might pose a
human health threat [15-17].
It is well-known that the small-scale metal-smelting
industry, already banned in China, leads to PAHs pollution.
However, it still exists in some areas in China. At the same
time, little information is available on PAH concentrations
and their distribution in various environmental elements
around this industrial area. Consequently, in this paper
Tangxia, a town in Eastern China, was chosen for a case
study of PAH pollution in different environmental elements, namely air, surface water, paddy soil, and rice from
small-scaled metal smelting industry region.

The studied area, including five villages (about 7300 inhabitants), extends over approximately 5 km2 within
Tangxia town in the east of China. Rice is the main food
supply for the residents whose main income is from the
small-scale metal-smelting industry, which was established in the 1930s-1940s and flourished in the 1980s
with smelters to be found in these five villages. To reduce
the health risk of the residents near the smelters, the local
government assembled the dispersed smelters to 5 aggregated zones in the 5 villages in the 1990s. The raw material
of the industry is metal scrap with a mean content of about
50% of the target metal. The products of this industry are
copper, aluminum and zinc ingots. About 5520 tons of
coke were consumed annually as fuel, and its exhaust
gases were discharged without any treatment.
The sampling was carried out on November 18, 2002,
a sunny day when the rice was ripe for harvest. The different sampling sites are illustrated in Figure 1.

N

Sampling sites of
water

Sampling sites of air, soil, and

rice

FIGURE 1 - Location of sampling sites (▲6 located in a
smelter-aggregated zone, where only air samples were collected).

Air samples were collected from six sites (▲1-▲6).
Site ▲6 was located in a smelter-aggregated zone, and the
sites ▲1-▲5 were 0.2-3 km away from this zone. Air sampling programs were carried out for 8 h (9:00-17:00) with
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low-noise small samplers (MP-15CF mini pumps, Shibita,
Japan) located 1.5 m above the ground. The samplers
equipped with Whatman glass fiber filters (GFF, 25 mm,
Whatman, England) collecting particle-bound PAHs and
XAD-2 (2.5 g) retaining PAHs in the gas phase, respectively, were operating at flow rates of 1.0 l/min [4, 18]. PAH
concentrations in air were shown with the sum concentrations in two-phase systems.
Paddy soil samples and rice samples (including root,
shoot and seed) were simultaneously collected from the
sites ▲1-▲5. Additionally, a soil profile at site ▲5 was
performed with five different depths, 0-10 cm, 10-20 cm,
20-40 cm, 40-70 cm and 70-100 cm. A stainless spade was
used to obtain the soil samples. The spade was thoroughly
washed with distilled water and dried after each sampling.
The rice samples were collected by pulling out the whole
rice plant with roots, shoots and seeds from each sampling
site. Each soil and rice sample consisted of 5 sub-samples
collected around the sampling site.
Surface (0.2 m) water samples were collected in solvent-cleaned brown bottles from five sites (W1-W5). The
sites W1-W4 were located in a relatively large river running through the west boundary of the studied area, sequentially from upriver (sites W1 and W2) to downriver
(site W3 and W4) and W5 was situated in a branch of the
larger river inside the studied area.
After collection, all samples were immediately transported to the laboratory within ice bags. The air samples
were kept in a –20 ºC refrigerator until analysis, while the
surface water samples were kept at 4 ºC. The soil samples
were air-dried, ground, homogenized, sieved through a
2.0 mm mesh and stored at 4 ºC until analysis. The rice
samples were washed with fresh water to remove soil and
surface dust. Dead or yellow leaves were discarded. Seeds
were removed and collected from the rice samples. Roots
and shoots were separated with stainless steel scissors. All
these rice sections were then air-dried, homogenized,
ground in a solvent-cleaned food processor with stainless
steel cutter and stored at 4 ºC until analysis.
All samples were analyzed within 48 h after preparation. The air samples were extracted by ultrasonication at
30 ºC for 30 min with a 20 ml mixture of dichloromethane
(DCM) and acetonitrile (3:2, v/v). 30 µl dimethylsulfoxide
(DMSO) were added to 10 ml extract aliquots and then
evaporated to dryness under a gentle flow of nitrogen gas at
room temperature before adding 1 ml HPLC-grade acetonitrile [4, 18].

acetone and DCM (1:1, v/v). The extract was then decanted and collected. This process was repeated three times
and all extracts were combined and passed through a
column packed with anhydrous Na2SO4 using 10 ml of a
1:1 (v/v) mixture of acetone and DCM. The extracts were
then evaporated to dryness and dissolved in 2 ml hexane.
1 ml of the solution was filtrated through silica gel column with 10 ml of hexane and DCM (1:1, v/v), again
evaporated to dryness and the residue finally dissolved in
2 ml HPLC-grade acetonitrile [19].
The analysis of PAHs was described elsewhere [4, 18].
All extracts of the samples were filtered with a minisart
filter (pore size 0.22 µm) in vials sealed with PTFE-lined
caps. Then 15 µl of extract was injected by autosampler to
be analyzed in an Agilent 1100 (USA) HPLC system consisting of quatpump, PAH column (Agilent, φ4.6×250 mm,
USA), UV detector, data processor and system controller.
All experiments were performed in duplicate and also
blanks were analysed to guarantee that there were no
PAHs in the reagents.

RESULTS AND DISCUSSION
The following 17 PAHs including 16 priority pollutants [20] were determined: naphthalene (NA), acenaphthene
(ACE), acenaphthylene (ACY), fluorene (FLOUR), phenanthrene (PHEN), anthracene (AN), fluoranthene (FLUR),
pyrene (PY), benzo[a]anthracene (BaA), chrysene (CHRY),
benzo[e]pyrene (BeP), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), dibenzo[a,h]anthracene (dBAn), benzo[ghi]perylene (BghiP), and indeno[1,
2,3,cd]pyrene (IcdP). The detection limits for the 17 PAHs
ranged from 3.7 to 28.5 pg. The recovery rates of each of the
PAHs were higher than 90% for air samples and 85% for
water, soil and rice samples, respectively.
Concentrations of PAHs in the different environmental
elements of the studied area are presented in Table 1. It can
be seen that the total concentrations of the 17 PAHs
(∑PAHs) in this study were higher than those previously
recorded and concerning the same elements, as shown in
Table 2. This implies that the area studied was heavily
polluted by PAHs, possibly originating from the still
existing metal-smelting industry.

250 ml of surface water samples were extracted by ultrasonication at 30 °C for 30 min with 250 ml DCM. After
deposition for 10 min, 200 ml DCM phase was transplanted
and rotary-evaporated to dryness at 30 °C. Then the residue
was dissolved in 2 ml HPLC-grade acetonitrile.

The air ∑PAHs ranged from 550 ng/m3 to 4170 ng/m3,
with the highest concentration detected at the site ▲6 in a
smelter-aggregated zone. The mean air ∑PAHs of the other
five sites was only about 16.7 % of that at site the ▲6, but
still higher than other data previously published (Table 2).
Thus, it could be obviously demonstrated that the air in the
concerned area, especially in the smelter-aggregated zone,
was indeed contaminated by hazardous PAHs.

Each soil and rice sample (2-5 g) was extracted by ultrasonication at 30 ºC for 1 h with a 25 ml mixture of

The ∑PAH values in surface water samples were between 1480 ng/l and 9970 ng/l. The highest concentration
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(9970 ng/l) was observed at the site W5 inside the studied
area. High concentrations were also found at the sites W3
and W4. The average ∑PAHs of the sites W3, W4 and
W5 reached 8170 ng/l. It was about 3.8 times higher than
that of the sites W1 and W2 within the upriver area and
also much higher than those of some European rivers [6,
21, 22]. This implies that the studied water environment
was contaminated by anthropogenic PAHs, possibly from
the metal-smelting industrial activity.
All of the 17 PAHs (except dBAn at the site 3 and BeP
at the site 4) were found in surface paddy soil (0-10 cm
depth) at the 5 sampling sites. The ∑PAHs in surface paddy
soil ranged from 108 mg/kg to 183 mg/kg with a mean
value of 152 mg/kg, which was again significantly higher
than the recorded data in Table 2 and close to the soil quality

criterion of Holand [23]. In Table 2, only the max ∑PAHs
detected in the urban soil of Estonia reached our mean
surface soil ∑PAHs [24]. It was observed that soil ∑PAHs
decreased gradually with the increase of soil depth, but still
being high (92.4 mg/kg) in the depth of 70-100 cm. This
fact implies that the paddy soil in the studied area had
been contaminated by PAHs for a long time.
The ∑PAHs in the different sections of rice share the
trend of shoot>root>seed, with mean ∑PAHs of 539 ng/g
in shoot, 529 ng/g in root and 105 ng/g in seed. The
∑PAHs found in rice shoot were higher than those of
other vegetations [22, 25-27] and in rice seed higher than
that in edible parts of vegetables [16, 28]. However, only
poor correlation was found between the concentrations of
PAHs in rice seed and shoot or root.

TABLE 1
Concentrations of PAHs in various environmental elements of the metal-smelting area.
Elements

Air
(ng/m3)

Surface
water
(ng/l)

Sampling site

NA ACE ACY FLOUR PHEN AN FLUR PY BaA CHRY BeP BbF BkF BaP dBAn BghiP IcdP ∑PAHs

▲1

342 23.7 7.09

27.0

161

12.8 65.9 74.2 17.4

16.2 27.5 ND 36.7 45.5

ND

5.71 3.58

866

▲2

351 29.4 4.22

24.1

100

7.45 27.6 31.1 3.78

3.47 ND ND 8.21 7.02

ND

ND

ND

598

▲3

263 19.7 6.61

37.7

295

26.5 97.6 87.7 5.14

6.53 17.1 ND 8.16 10.9

ND

2.57 1.61

886

▲4

391 17.0 6.14

24.3

85.7

6.12 17.9 21.3 1.93

1.60 9.51 ND 6.28 4.19

ND

ND

ND

593

▲5
▲6

346 17.9 2.85
1850 124 20.5

20.8
176

99.3
954

9.49 24.5 16.7 4.11
57.3 321 460 29.6

2.15 ND ND 4.29 5.41 ND
25.8 31.7 12.1 18.5 58.7 1.66

ND ND
13.7 10.7

553
4170

W1

308 6.55 2.45

553

1740 15.1 34.8 89.9 3.88

5.32 19.0 ND 13.2 43.6

ND

10.3 6.44

2850

W2

440 4.42 2.45

638

179

14.5 32.6 65.6 3.88

5.32 19.0 ND 13.2 43.6

ND

10.3 6.44

1480

W3

396

103 235

2230

3230

541 562 1270 310

122

302

2.98

349

52.8

9900

W4
W5

274 86.8 186
548 103 215

255
2420

2030
3420

256 303 705 202
436 494 1210 248

63.8 171 ND 23.8 36.9
117 335 ND 48.9 109

ND
ND

41.1 15.5
226 43.8

4650
9970

4.30
1.28
1.22
2.12
1.37
0.193
ND
ND
ND

4.71
0.937
0.919
1.99
1.17
1.99
ND
ND
ND

158
134
108
175
183
154
134
109
92.4

Soil
(mg/kg)

▲1
▲2
▲3
▲4
0-10cm
10-20cm
20-40cm
40-70cm
70-100cm

0.819
7.12
0.406
28.3
47.7
12.3
25.4
3.63
0.511

2.73
3.78
3.10
3.10
4.21
3.46
3.26
2.89
2.73

0.77
0.89
0.29
1.52
2.78
1.28
1.25
0.72
0.26

21.0
39.6
30.1
34.9
31.1
24.3
40.3
41.9
28.7

37.6
25.9
21.4
30.1
36.9
42.0
24.5
21.5
18.8

7.92
3.76
2.42
3.85
5.08
3.46
4.44
2.56
3.05

15.2
14.0
13.3
16.2
12.6
17.5
9.01
9.00
9.83

6.47
3.62
2.57
3.67
2.19
7.99
1.15
1.86
1.72

10.6
3.55
2.85
4.73
2.54
4.95
1.47
1.73
1.78

4.37 7.84
2.14 2.77
2.30 1.44
ND 4.24
2.37 1.92
2.10 1.77
2.01 1.33
1.95 1.29
1.91 1.21

Rice
root
(ng/g)

▲1
▲2
▲3
▲4

23.3
1.82
138
10.2

14.7
11.1
10.1
11.5

3.12
4.72
5.01
24.2

341
188
141
206

76.1
61.7
215
77.5

8.94
5.62
38.8
7.70

28.0 37.3 3.06
23.3 24.3 2.87
29.8 187 19.4
30.4 41.4 2.69

4.73
2.77
8.46
4.45

ND
ND
25.3
ND

▲1
▲2
▲3
▲4
▲5
▲1
▲2
▲3
▲4
▲5

90.8
ND
154
20.5
ND
8.82
17.2
1.04
15.9
28.2

11.0
6.75
12.2
6.63
5.30
1.74
2.30
2.14
14.2
2.42

6.25
12.5
3.15
18.7
4.30
0.54
0.71
0.46
9.41
0.90

233
86.0
272
177
164
29.6
30.7
16.9
33.0
22.8

288
77.5
210
36.0
48.7
10.3
22.8
11.1
37.1
23.1

43.9
3.22
41.2
3.56
5.42
1.11
3.18
2.26
14.7
10.5

71.4
21.9
20.2
14.1
37.6
3.59
7.05
4.35
20.2
7.83

11.1
4.02
10.3
2.64
7.99
1.01
1.68
1.19
8.97
2.22

11.9 7.16
ND ND
12.2 ND
ND 4.62
ND ND
ND ND
ND ND
ND ND
3.66 ND
ND ND

Rice
shoot
(ng/g)

Rice
seed
(ng/g)

26.7
21.5
23.1
36.3
27.5
26.6
18.0
17.8
20.3

144 16.9 37.0

134
27.5
86.0
19.0
36.4
5.72
10.6
5.43
23.4
10.1

38.1
2.41
20.9
1.77
4.40
0.63
1.50
0.473
7.81
1.14

ND
ND
ND
ND

2.35
1.38
0.942
1.50
1.50
1.66
0.741
0.704
0.663

3.85
1.40
1.59
2.08
1.90
1.92
0.905
1.40
0.859

0.873
0.310
ND
0.369
0.413
0.435
ND
ND
ND

ND
ND
ND
ND

ND
ND
4.20
ND

ND
ND
ND
ND

ND ND
ND ND
7.89 3.96
ND ND

541
326
834
416

4.60 5.06
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
11.6 11.1
ND ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

11.9 4.56
ND ND
10.7 7.04
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND

973
242
860
305
314
63.1
97.7
45.4
211
109

Note: ND = not detected; Soil profile (0-10 cm, 10-20 cm, 20-40 cm, 40-70 cm, 70-100 cm) located at the site ▲5.
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TABLE 2
Total concentrations of PAHs in various environmental elements compared to those found in literature.
Elements

Location

Number of samples

Number of PAHs

Range

Mean

References

6
9
12

17
37
10
16
10
14
10
16
19
17
17
16
5~16
10
11
17
10
11
16
14
16
13
16
17
17
17
16
10
17
16
23
10

550~4170
134.4~298.5
73.9~250.1
97.5~128
51~151
1.23~180
0.5~22.84
2.78~3.36
0.044~2.58
4650~9970
1480~2850
6960~2690
23.0~2590
1.80~93.1
4.00~36.0
108~183

1280
234.8
168.8
113
83

This study
[29]
[30]
[31]
[32]
[33]
[34]
[31]
[35]
This study
This study
[36]
[6]
[22]
[21]
This study
[22]
[24]
[37]
[38]
[2]
[5]
[10]
This study
This study
This study
[26]
[22]
[27]
[16]
[25]
[28]

Smelting area, China
Urban, China
Industrial area, China
Urban, USA
Air
Urban, UK
(ng/m3)
Rural and urban, Virginia
Rural, Canada
Rural, USA
The Arctic
Downriver, China
Upriver, China
Surface water Estuary and sea, China
(ng/l)
Rivers, Europe
Freshwater, UK
River and estuary, France
Smelting area, China
Urban, UK
Rural and urban, Estonia
Surface
Urban, USA
soil
Irrigated area, China
(mg/kg)
Industrial area, Greece
Agricultural soil, Poland
Near a power plant, Greece
Rice root, China
Rice shoot, China
Rice seed, China
Grass shoot, UK
Vegetation
Above-ground herbage, UK
(ng/g)
Vegetation leaves, USA
Vegetables edible parts, Greece
Tree leaves, UK
Vegetables edible parts, Brazil

37

3
2
18

6
5
10
140
27
35
12
39
14
4
5
5
9
66
30
18

0.011~153
0.647~40.7
0.239~5.00
0.038~2.24
0.028~2.45
0.050~0.500
326~834
242~973
45.4~211
153-2365
24.8~1810
11.2~294
26~81
4.38~17.93

9.16
3.07
0.583
8170
2170
17000

20.0
152
4.24
4.14
3.73
1.56
0.707
0.264
0.163
529
539
105
803
545
103
47
8.98

Note: Vegetation in USA include corn, maple, and pine. Vegetables in Greece include cabbage, carrot, leek, lettuce and endive. Trees in UK
include oak, ash and hazel. Vegetables in Brazil include lettuce, tomato and cabbage.

2-ring

3-ring

4-ring

5-ring

6-ring
Distribution of different PAHs (%)

Distribution of different PAHs (%)

70.0
60.0
50.0
40.0
30.0
20.0
10.0

90.0

2-ring

3-ring

W1

W2

4-ring

5-ring

6-ring

W3

W4

W5

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

0.0

▲1

▲2

▲3

▲4

▲5

▲6

FIGURE 2
Distribution of 2-6 ring PAHs in air samples.

FIGURE 3
Distribution of 2-6 ring PAHs in water samples.
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50.0
40.0
30.0
20.0
10.0
0.0
▲1

▲2

▲3

▲4

80.0

2-ring 3-ring 4-ring 5-ring 6-ring

70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

▲5

seed

shoot

root

FIGURE 4
Distribution of 2-6 ring PAHs in surface soil samples.

FIGURE 5
Mean distribution of 2-6 ring PAHs in differet rice sections.

Figures 2-5 showed the distribution of 2-6 ring PAHs
in air, water, soil and rice samples of the studied area,
respectively. 2-ring (NA), 3-ring (ACE, ACY, FLOUR,
PHEN, AN), and 4-ring (FLUR, PY, BaA, CHRY) PAHs
were dominant in all environmental elements, accounting
for 86.3%-98.2%, 92.4%-96.8%, 82.1%-94.2%, 95.4%100%, 95.0-100% and 87.5%-100% of the ∑PAHs in air,
surface water, surface paddy soil, rice shoot, rice root and
rice seed, respectively. 2-ring PAH NA was the most
dominant in air, contributing 50.1% to the ∑PAHs. In the
other samples, 3-ring PAHs were the most dominant, with
mean contributions of 65.7%, 51.0%, 70.3%, 71.5% and
68.4% to the ∑PAHs in surface water, paddy soil, rice
shoot, rice root and rice seed, respectively. All PAHs
(except 2-ring and 3-ring PAHs) were mainly distributed
in the soil samples taken at depth of 0-20 cm, whereas
larger ring PAHs, such as IcdP, BghiP and dBAn, were
not detectable in soil layers deeper than 20 cm.

that the paddy soil in the studied area had been contaminated by PAHs for a long time. The mean ∑PAHs in rice root,
rice shoot and rice seed reached 529 ng/g, 539 ng/g and 105
ng/g, respectively. 2-4 ring PAHs were predominant in all
environmental elements examined. Their contribution
rates to the ∑PAH values in air, water, soil and rice samples were all higher than 80% and higher compared to
other recorded data. These results indicate that the environment in the concerned area was and is still heavily
polluted by PAHs possibly originating from the metalsmelting industry.

CONCLUSIONS
This paper provides important data on PAH levels in
various environmental elements of a metal-smelting area
in east China. The air ∑PAHs ranged from 550 ng/m3 to
4170 ng/m3 with the highest concentration (4170 ng/m3)
detected in one of the smelter-aggregated zones, which was
about 6 times of the mean ∑PAHs in the air around these
zones. The average ∑PAHs analysed in surface water samples of downriver and branch river areas (8170 ng/L) were
about 3.8 times higher than those of the upriver region. The
∑PAHs in the surface paddy soil ranged from 108 mg/kg to
183 mg/kg, with a mean of 152 mg/kg. In addition, although
the soil ∑PAHs decreased with the increase of soil depth, it
was still 92.4 mg/kg in the depth of 70-100 cm implying
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SUMMARY
Sequential extraction procedure (acid extractable, reducible, oxidizable, and residual) proposed by Standards,
Measurements and Testing Programme, formerly: Community Bureau of Reference (BCR) was applied for the
determination of trace metals in the house dust samples
collected from Kayseri Turkey. The determination of
trace metals in the samples was performed by flame atomic absorption spectrometry. The proposed method showed
satisfactory recoveries, detection limits and standard deviations for trace metals determination in dust samples.
Generally, most of the elements were found in the oxidizable and residual fractions. The total concentrations of
trace metals analyzed were found in the range, for Cu:
62.4-119.8, Ni: 37.8-97.8, Cd: 2.54-4.27 and Cr: 38.753.5 mg/kg. The results are in agreement with the reported values in the literature.

KEYWORDS: Sequential extraction, house dusts, extractable,
reducible, oxidizable, atomic absorption spectrometer.

INTRODUCTION
Trace metals play an important role in the biochemical and physiological processes of the human organism.
Toxic heavy metals in environmental and biological samples are hazardous for life. Because of this, trace heavy
metal levels in environmental and biological samples
have been investigated by various researchers [1-3].
Trace heavy metals are common pollutants in environmental samples including solid wastes, sewage sludge,
soils, sediments and dusts. These elements are usually
associated with the principal components of the samples
(carbonates, organic matter, Fe-Mn oxides and minerals)
and they are available to living organisms when they
occur dissolved in environmental materials [4-6]. Because
of information about the physicochemical properties of the

elements is required for understanding their environmental behaviour, including mobility, pathways and bioavailability [7], the determination alone of the total metal content in these samples after digestion with aqua regia does
not provide sufficient criteria for estimating their ecological and biological effects.
Sequential extraction of trace metal ions from these
samples is a widely used procedure. Sequential extraction
procedures have been developed and applied to extract the
elements from the samples under different conditions.
Standards, Measurements and Testing Programme, formerly: Community Bureau of Reference (BCR), developed a sequential extraction method. The principle of
BCR method is based on the fractionation of a material
into different fractions that can be selectively extracted by
using specific extractants [7-9]. The procedure has been
successfully applied to the various environmental samples
including soils, sediments, dusts, sewage sludges etc with
some modifications [9-13]. The BCR procedure gives a
summary of the method of extracting the metals being
investigated in four fractions representing: (a) exchangeable, water and acid soluble (carbonates); (b) easily reduced
(iron/manganese oxides); (c) oxidizable (organic matter
and sulfides); and (d) residual fraction [14-16]. After BCR
extraction of the samples, the metal determinations were
carried out by flame atomic absorption spectrometry.
In this study, sequential extraction procedure of BCR
was applied to house dust samples collected from Kayseri-Turkey for the fractionation of the trace metal contents
of the samples. Flame atomic absorption spectrometry
was used in the determinations of the metals.
MATERIAL AND METHODS
Instrumentation

A Perkin-Elmer atomic absorption spectrometer
(Model 3110) was used for metal determinations. Hollow
cathode lamps (Cathodeon) were used as the radiation
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source. The lamp intensity and slit width were used according to the manufacturer's recommendations. A centrifuge (Annita III, ALC PK 120 model) was used for complete separation of the extracts. A Nel pH meter was employed for pH adjustments of the reagents. A Nuve ST
402 type shaker and Electromag 3045 electrical heater
was used in all experiments.
Reagents

All reagents were of analytical reagent grade unless
otherwise stated. Double deionized water was used for all
dilutions. Acetic acid, hydroxalamine hydrochloride (hydroxylammonium chloride), hydrogen peroxide, ammonium acetate, HNO3 and HCl were of suprapure quality.
Hydroxylammonium chloride solution was prepared just
prior to use. All the plastic and glassware were cleaned by
soaking in dilute HNO3 (1+ 9) and were rinsed with distilled water prior to use. The stock solutions of metals
(1000 mg/I) were obtained by dissolving appropriate salts
or the corresponding metals (E. Merck). Standard calibration solutions were prepared daily by dilution of the stock
standard solutions

amounts to the residue obtained in step 2 in the centrifuge
tube. The tube was covered with a watch glass and left at
room temperature for 1 h with occasional manual shaking.
The procedure was continued for 1 h at 85 ºC and the volume reduced to a few milliliters by further heating of the
uncovered tube in a sand bath. A further aliquot of 2.0 ml
of hydrogen peroxide (8.8 M) was added to the residue.
The tube was covered again, and heated at 85 ºC for 1 h.
The cover was removed and the volume reduced almost to
dryness. After cooling, 5.0 ml of ammonium acetate (1 M
adjusted to pH 2 with nitric acid) was added to the residue. The extraction procedure was then continued as
described in the previous steps. After washing with deionized water, the solid residue was digested with aqua regia
(step 4).
Step 4 (remaining residue): Three ml of deionized water, 3.0 ml of 6 M HCl and 1.0 ml of 14 M HNO3 were
added to the remaining residue and evaporated to near
dryness. The residue was dissolved in 2 M HNO3 and filtered with a blue band filtering paper and diluted to 10 ml
with deionized water. The resulting solution was then
analyzed by FAAS.

Sampling

Dust samples were collected from doormats of Fen
Edebiyat Faculty, a house and a market shops in Kayseri
during the period of April 2003-June 2003. The samples
were collected, in triplicate, at the same points. Every sampling period the BCR procedure was applied. The results
given in Table 1 were average of these analyses. Samples
were collected from below the doormats at the entrance
doors of houses and shops and transferred to polyethylene
containers. The samples were passed through a 200-mesh
(< 70 µm) sieve, then dried at 110 °C for 20 h.
Sequential extraction procedure
Step 1 (exchangeable fraction, water and acid soluble):

An aliquot of 7.0 ml of acetic acid (0.11 M) was added to
0.40 g of dry samples in a 25 ml PTFE centrifuge tube.
The tube was then shaken for 16 h at room temperature at
a speed of 300 rpm. The extract was separated from the
solid phase by centrifugation at 3700 rpm for 20 min and
the supernatant was decanted into a polyethylene container.
The residue was washed with 2.0 ml of deionized water
and shaken again for 15 min and then centrifuged for the
same time. The supernatant was decanted without any loss
of the solid residue, which was subjected to step 2.
Step 2 (reducing conditions): An aliquot of 7.0 ml of
hydroxylammonium chloride (0.1 M, adjusted to pH 2 with
nitric acid) was added to the residue obtained in step 1 in
the centrifuge tube. The extraction procedure was then
performed as described above. After washing with deionized water, the solid residue was subjected to step 3.
Step 3 (oxidizing conditions): An aliquot of 5.0 ml of
hydrogen peroxide (8.8 M was carefully added in small

RESULTS AND DISCUSSION
The BCR procedure was used in the present work for
the sequential extraction of dust samples collected from
Kayseri City with some modifications. The metal determinations in the samples were performed by flame atomic
absorption spectrometry. The modification of the BCR
procedure in this work is the use of the very small sample
volumes. While generally in BCR procedure amounts of
the samples were 1.0 g-2.0 g, in this work 0.4 g of samples were used. This point is checked by recovery studies.
The recovery values for each of four-extraction stages by
using 0.4 g of the house dust samples varied from 95 to
99%. Also the works were repeated by using 1.0 g of the
samples, and the same values were obtained as with 0.4 g
of the samples.
The detection limits for the analyte ions are defined
as the concentration corresponding to three times the
standard deviation of 10 blanks. The detection limits for
copper, nickel, cadmium and chromium were 0.06 mg/l,
0.11 mg/l, 0.03 mg/l and 0.13 mg/l, respectively. Detection limit values of elements in this study were found to be
lower than those reported by Tessier at al. [17]. Mester et
al. [18] compared a three-step (BCR) procedure for metal
fractionation in sediment samples. They reported that both
procedures provide very similar results and satisfactory
recoveries.
The results of analysis of the house dust samples using sequential extraction procedure for the samples are
given in Table 1. The BCR method was carried out in
triplicate for metal fractionation in house dusts. The results of this study provide information on the potential
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mobility of the trace metals. All metal concentrations
were found to be higher in the oxidizable fraction (bound
to organic matter and sulfide) than those of other fractions. The percent of trace metals found in exchangeable
and reducible fractions were very low.
TABLE 1
The results of analysis of the house dust samples (expressed
in mg/kg) using sequential extraction procedure of BCR.
Element
Cu

Fraction
1
2
3
4
Total

Faculty
2.0±0.1
5.1±0.1
18.0±1.2
94.7±9.0
119.8

House
3.2±0.5
2.2±0.4
24.2±2.3
36.6±1.1
66.2

Jean-market
3.2±0.3
2.0±0.2
3.2±0.4
54.0±1.5
62.4

Ni

1
2
3
4
Total

5.1±1.8
4.0±0.1
5.8±1.8
49.9±1.8
64.8

3.9±0.1
2.8±1.0
14.4±2.2
16.7±1.6
37.8

6.9±0.6
2.4±0.5
4.2±0.5
84.3±1.1
97.8

Cd

1
2
3
4
Total

0.13±0.01
0.51±0.05
0.80±0.03
2.83±0.05
4.27

BDL
0.31±0.06
1.00±0.10
2.44±0.24
3.75

0.13±0.01
0.11±0.01
0.88±0.06
1.42±0.16
2.54

Cr

1
2
3
4
Total

2.1±0.1
BDL
BDL
36.6±2.9
38.7

2.1±0.2
BDL
22.3±1.9
29.1±2.6
53.5

2.1±0.2
BDL
2.1±0.1
49.3±4.1
53.5

Cadmium was found higher in residual fractions, in
the range of 1.42-2.83 mg/kg. The total concentration of
cadmium was found in the range of 2.54-4.27 mg/kg in
the samples. Cadmium concentration in exchangeable
fraction was below the detection limit. Fractions 1 and 2
contain relatively little cadmium in all samples.
Chromium was extracted under oxidation and residual conditions from house dust samples. Chromium concentration of reducible (bound to Fe/Mn oxide) was below
the detection limit. Fractions 1 and 3 contain relatively
little chromium in faculty and Jean-market samples. The
highest content of this element is found in the residual
fraction and is almost entirely extracted with strong acids.
This indicates that chromium is tightly bound to the matrix
and would not be easily released under natural conditions.
Similar results have been reported in the literature [8]. In
general, house dust samples are extracted under oxidizing
and residual conditions. Other samples are extracted in
residual fractions.

The mean values for Cd and Cr in house dust in Bahrain have reported as 37 and 144.7 µg/g, respectively [19].
Rasmussen et al. [20] have been reported the concentrations of Cd, Cr, and Cu in house dust in Ottawa, Canada as
6.46, 86.7, and 206 µg/g, respectively. The total concentrations of trace metals analyzed were found in the range of
Cu: 62.4-119.8, Ni: 37.8-97.8, Cd: 2.54-4.27 and Cr: 38.753.5 mg/kg. The results found in the present study are
lower than those reported in the literature.
Copper was found mostly in the acid soluble fraction between 36.6-94.7 mg/kg and bound to organic matter / sulfide
fractions between 3.2-24.2 mg/kg. The total concentration of
copper was found in the range of 62.4-119.8 mg/kg in the
samples. Copper is a chalcopfilic element; it is mainly
bound to sulfides in nature. It has been shown in other
studies that an increase in the solubility of copper is due
to oxidation [8, 21]. Concerning the chemical bonding it
can be seen that copper was mostly concentrated where it
was bound to organic matter/ sulfide and acid-soluble
residue fractions.
Nickel was extracted under oxidation and in residual
conditions from house dust samples. Nickel was found mostly in the acid soluble fraction between 16.7-84.3 mg/kg in
the samples. Fractions 1, 2 and 3 contain relatively little
nickel in samples.

It has been suggested that the mobility and bioavailability of metals decrease approximately in the order of the
extraction sequence, from readily available to unavailable,
because the strength of extraction reagents used increases
in this order [17]. In environmental studies the determination of the different ways of binding gives more information on trace metal mobility, as well as on their availability or toxicity, in comparison with the total element
content. The high proportion of metals in the residual
fraction and the generally low levels of extractable metals
indicate that the samples are relatively unpolluted. Metals
bound to reducible and organic fractions are presumed to
be more bioavailable and thus more harmful to biota. If
children and elderly people are exposed to an environment with high metal contamination, their health may be
affected [22].
CONCLUSIONS
The method proposed by BCR was efficient for easy,
rapid, reliable and inexpensive determination of trace
metals in the house dust samples. Recoveries were nearly
quantitative for all the elements studied (≥95%). Most of
the trace metals were found in the acid soluble residue
and bound to organic matter /sulfide fractions. The low
percentage of trace metals in the exchangeable fraction
suggests weak bioavailability of metal in this environment. It may be concluded that the bioavailability of any
metal is related to its chemical forms in house dust structure rather than its total concentration.
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SUMMARY
Two microbiotests (Thamnotoxkit F and Daphtoxkit
FTM pulex) were used to evaluate the acute toxicity of olive
mill wastewaters (traditional and continuous processes) in
the Achaia prefecture in Greece. Acute toxicity values of
olive mill wastewater (OMW) ranged from 3.3-8.9 % in
Thamnotoxkit F and 1.7-12.4 % in Daphtoxkit FTM pulex,
expressed as LC50 and EC50 values, respectively. According to the values obtained, all samples were evaluated
from toxic to very toxic for both species tested. Significant correlation was obtained between LC(E)50 and total
phenols, total suspended solids and density, while lignin
appears to influence only Daphtoxkit FTM pulex. Despite
the detected significant correlation between the two microbiotests, this study compares the sensitivity of both
toxkits, which was found to be higher for Daphtoxkit FTM.
But for an accurate routine biomonitoring of OMW toxicity the use of both toxkits can be suggested.

KEYWORDS: Acute toxicity, olive mill wastewaters, toxkits,
TM
Thamnotoxkit F, Daphtoxkit F pulex.

brown-black. The volume of this by-product depends on
the extraction process itself and oscillates from 50 kg per
100 kg of olive fruit in a classic-type olive press to 110 kg
waste per 100 kg olive fruit in the centrifugal type units [3].
With particular characteristics, such as high organic
load, suspended solids, polyphenols and tannins, OMWs
are considered to be a serious environmental hazard. The
antimicrobial phenolic compounds [4] are toxic [2, 5] and
not easily biodegradable [6] affecting the countries of the
Mediterranean region considerably, as they account for
95% of worldwide production of olive oil [7].
The main objective of this work was: 1) to assess the
physicochemical characteristics of the olive oil mill effluent, 2) to evaluate OMW’s acute toxicity using two microbiotests - Thamnotoxkit F test and Daphtoxkit FTM
pulex - and 3) to evaluate which test is more sensitive for
monitoring these specific agroindustrial effluents.
Moreover, given that a similar study has not been carried out in Greece, the results will be informative and
useful for further estimation of the toxicological impacts
of OMWs on the water receptor’s living organisms.

INTRODUCTION

MATERIALS AND METHODS

Greece is one of the most important olive oil producing countries in the Mediterranean region and, therefore,
approximately 10 million m3 of olive mill wastewaters
(OMW) are produced annually [1]. Two systems, the
traditional pressure and the continuous centrifugation one,
are used for the olive oil extraction and purification process. In both systems three phases consisting of the olive
oil, the solid residue and the aqueous solution, representing 20, 30 and 50%, respectively of the olives’ total
weight, are the output of the whole extraction process [2].

Wastewater Sampling

The largest wastewater volume during extraction originates from the stage of segregation of olive oil from water and plant liquids. It is characterized as a thick mass
with a dark colour varying from yellow-green to dark red or

The analyses of total suspended solids (TSS), volatile
solids (VS), chemical oxygen demand (COD), tannin and
lignin were carried out according to the “Standard Methods for the Examination of Water and Wastewater” [8].

Duplicate samples of OMWs were collected from the
separators of four units located in Achaia Greece; two
from traditional presses (samples A and B) and two from
centrifuge systems (samples C and D). Each sample was
divided and one portion was stored to be used for the
acute toxicity tests (stored at -20 °C), while the rest for
the physicochemical analyses were stored at 4 °C.
Wastewater Characterization
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The phenolic compounds were determined spectrophotometrically using the Folin – Ciocalteu method,
which has been accepted by ecologists, mainly because of
its good repeatability and the fact that it is least influenced
by substances of hindrance [1, 5, 9-13].
The biochemical oxygen demand (BOD5) was measured with a WTW OXITOP 12 device and pH with a
Hanna electrode (HI 8224).
Toxicity Tests

Two microbiotest kits, Daphtoxkit FTM pulex [14] and
Thamnotoxkit F [15] were used for the toxicity evaluation
of the OMW, using dormant eggs of the cladoceran crustacean Daphnia pulex and larvae hatched from cysts of
the anostracan crustacean Thamnocephalus platyurus,
respectively. The results from both toxicity tests were
obtained considering the immobility/ death of the larvae
as the final endpoint.
Prior to toxicity evaluation, the samples were defrosted and centrifuged (4000 g, 15 min). Raw OMW samples
were diluted (10% of the raw effluent for samples A and
D, 20% for sample B and 50% for sample C) with deionized water and used as the effluents to be tested. As reference substance for the toxicity tests the total phenols were
used, because they are considered to be responsible for
the phytotoxic effects and antimicrobial activity of
OMWs [2] and their toxicity to freshwater and marine
organisms is already acknowledged [16]. Based on the
total phenols’ concentration that resulted from the chemical analyses, it was possible to determine the suitable
rarefaction of the samples. The reliability of the toxicity
tests was ensured by the percentage of the control group
mortality. When it exceeded 10%, the repetition of the
test was necessary.
Data analysis

Toxicity test results are expressed in LC50-24h values
for the Thamnotoxkit F test and in EC50-48h values for
the Daphtoxkit FTM pulex microbiotest.
The relationships between the acute toxicity values of
both toxkits and the physicochemical parameters of the
OMWs were determined statistically using linear regres-

sion analyses. Prior to correlation analysis, the values of
the physicochemical parameters were log-transformed.
RESULTS
Physicochemical Parameters

The physicochemical parameters of the 4 samples obtained from 2 traditional presses (samples A and B) and 2
centrifuge systems (samples C and D) are shown in Table 1
as mean values of the duplicates of each parameter.
The results of these chemical analyses show great differences among the samples. Total phenols, the reference
parameter for the toxicity tests, ranged from 1014.58 mg/l
(sample D) to 12239 mg/l (sample C).
Toxicity tests

The concentrations of each sample and the percentages of the mortality of each test are portrayed graphically
in Figs. 1 and 2. Due to the high concentration values of
the phenolic compounds, dilutions of each sample were
prepared (10, 20 and 50% raw effluent) and used as initial
test concentrations. After recording the Thamnocephalus
playurus larva mortality for each sample, the resultant
schemata grouped in Fig. 1 lead to the calculation of the
LC50 values (Table 2).
Fig. 1 indicates high toxicity levels for all samples
tested. The LC50 values (Table 2) ranged from 3.3%
(sample A) for a traditional agroindustrial unit to 8.29%
(sample C) for a continuous agroindustrial unit.
Results from the Daphtoxkit FTM pulex toxicity test were
obtained for a 24 h and 48 h interval. The schemata grouped
in Fig. 2 lead to the 48-h EC50 values (Table 2), which
ranged from 1.69% (sample A) to 12.38% (sample C), again
indicating that the results do not depend on the extraction
process, but on the sample tested.
Acute toxicity values of the OMWs, resulting from
Figs. 1 and 2 are summarized in Table 2. The effects
according to the toxicity values (EC50) of the first 24-h
period are low for some samples or even non-existent. For
this reason, any annotation of EC50 values mentioned
concern the 48-h effect.

TABLE 1
Physicochemical measurements of olive oil mill wastewaters (OMWs).
Parameter

Sample A

Sample Β

Sample C

Sample D

BOD5 (mg/l)
COD (mg/l)
Total Suspended Solids (mg/l)
Volatile Solids (mg/l)
Total Phenols (mg/l)
Tannin (mg/l)
Lignin (mg/l)
pH
Density (gr/cm3)

13087
57091
2314
2308
2060.4
541.11
2036.38
5.72
1.0196

39411
97459
3256
3082
5417
6515.31
28743.81
4.87
1.0459

27744
87233
7604
7260
12239
4332.19
21477.14
5.02
1.0672

12030
43074
2446
2376
1014.58
92.19
542.09
5.64
1.0185
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FIGURE 1
Acute toxicity of four OMW samples, according to Thamnotoxkit F (24h).
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FIGURE 2
Acute toxicity of four OMW samples, according to Daphtoxkit FTM pulex (48h).
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For both biotests, L(E)C50 values range from 1.7%
(sample A on Daphnia pulex) to 12.4% (sample C on
Daphnia pulex) (Table 2).

Moreover, Fig. 3 indicates the interrelation of the tests
and the slightly higher sensitivity of Daphtoxkit FTM pulex.
The correlation coefficients obtained between the
LC(E)50 values and the chemical parameters of the
OMWs are presented in Table 4.

The toxicity values observed show that the samples A
and D, which were derived from the traditional and continuous process, have the highest toxicity according to
Daphtoxkit FTM pulex. On the other hand, sample C (continuous process) showed the lowest toxicity according to
both Thamnotoxkit and Daphtoxkit.

Cross-correlation for the values of the LC(E)50 tests
and the chemical parameters oscillates from 0.20 to 0.99,
expressing low to relatively good correlation. Thamnotoxkit indicates important relation with the TSS and density values.

The toxicity values were converted to toxic units by the
following formula [17]: Toxic Units = [1/L(E)C50] * 100.

The correlation coefficients of the Daphtoxkit values
and the chemical parameters ranged from 0.65 to 0.99.
Daphtoxkit appears to be influenced by lignins and tannins, while the best correlation values were obtained for
TSS, density and total phenols.

Based on the categorisation proposed by Isidori et
al. [18] and according to the values of the toxic units
(Figure 3), all samples are considered from “toxic” to
“very toxic”. The same characterisation can be concluded
from the arbitrary scale proposed by Kahru et al. [19].

The interpretation of the results based on density is
very interesting, as water plays an important role in the
oil-producing process. Correlation coefficients were determined (Table 5) and the values ranged from 0.84–0.95,
indicating good correlation.

The graphical presentation of the results (Fig. 3) illustrates the comparison between the toxicity detected with
the use of both toxkits. It can be seen that Thamnotoxkit F
was more sensitive to samples A and B, whereas Daphtoxkit FTM pulex was to samples A and D.

TABLE 2
Acute toxicity test results using Thamnotoxkit F and Daphtoxkit FTM pulex microbiotests.

Sample A
Sample B

Thamnotoxkit F
LC50 - 24h
(%)
3.3
3.7

Daphtoxkit FTM pulex
ΕC50 - 24h
(%)
3.8
11.7

Daphtoxkit FTM pulex
ΕC50 - 48h
(%)
1.7
4.8

Sample C

8.9

-

12.4

Sample D

5.4

-

2.3

Samples

59,2

T oxic	
  Units

60,0
40,0

45,7

30,4

27,0

20,0
0,0

18,5

20,7

11,1
8,1

S ample	
  Α S ample	
  B

S ample	
  C

T hamnotoxkit
Daphtoxkit
S ample	
  D

FIGURE 3
Toxicity of the four OMW samples in toxic units (TU).
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TABLE 4
Correlation coefficients between LC(E)50 and the physicochemical parameters.
log COD

log BOD5

log Phenols

log Tannins

Log Lignins

log TSS

Log d

Thamnotoxkit

0.22

0.20

0.59

0.22

0.28

0.88

0.71

Daphtoxkit

0.65

0.9

0.91

0.65

0.70

0.99

0.95

TABLE 5
Correlation coefficients between the sample’s density and the chemical analysis values.

Density

COD

BOD5

Total phenols

Tannin

Lignin

TSS

0.84

0.81

0.98

0.84

0.87

0.95

DISCUSSION
The chemical analyses in this study were restricted to
representative conventional wastewater quality parameters.
Toxicity testing was used to measure the total ecotoxicological effects of the complex agroindustrial effluent.
Only one reference to a similar study was found, where
L(E)C50 values (0.13-12.54%) were determined, using conventional toxicity tests as well as toxkits and the results of
this study coincide with those of Paixão et al. [21].
References on the concentrations of total phenols
show great fluctuations. The minimum value determined
in this study (1145.8 mg/l) does not differ greatly from the
ranged values 463.3-1079.3 mg/l given in a study from
Crete, Greece [22]. On the other hand, the maximum
value (12.24 g/l) is much higher than the value 8.2 g/l,
which was determined in Marokko [5], and that of 10.2 mg/l
given by Fountoulakis et al. [1] from a study carried out
in another area of the Achaia prefecture, Greece.
It must be noted that a large number of published research on OMW treatment has dealt with anaerobic treatment that seems ineffective due to the high phenolic content of the specific wastewaters [2]. Pre-treatment aiming
at the reduction of the phenolic concentration of these
effluents has also been studied [1, 5, 6] and should not be
overlooked, as it will undeniably lead to a waste rendered
less harmful.
Based on the correlation coefficients, Thamnotoxkit
indicates a significant relationship with TSS and density.
Daphtoxkit appears to be mostly influenced by tannins
and lignins, whilst the best correlation values were obtained for density, TSS and total phenols. However, the
significance of lignins, a component that is not easily
biodegradable [23], in both microbiotests is estimated as
moderate. On the contrary, tannins, that are also considered to be highly toxic [5, 24], present only a mediocre
correlation with the toxicity tests, influencing the results
of Daphtoxkit more than those of Thamnotoxkit.

Regarding the correlation analysis, the phenolic compounds have a significant effect on the tested freshwater
organisms. Paixão et al. [21] proved such an effect by
OMWs, whilst it has been also reported that OMWs have
low toxicity on phytoplankton [25].
Total phenols have a satisfactory relation with density, which is important, as the maturity and the variety of
the olive fruit also influence their concentration. It has
been reported that small olive fruit varieties, which are
mainly found in the Achaia prefecture, present higher
phenolic levels in contrary to large olive fruit varieties
that present lower levels [20]. Significant correlation
values were also obtained for TSS with density, a fact that
can be useful in any treatment process. Even though the
use of water can decrease the density of OMWs, it increases the volume of the waste and determines its characteristics, which are also influenced by the variety and
the quality of the olive fruit.
Thamnotoxkit’s sensitivity was consistent with the
results of Torokne et al. [27] and Janssen et al. [28],
even though no major sensitivity differences between
the two toxkits were emphasized. In contradiction to
Muna et al. [29], who showed that the crustacean Thamnocephalus platyurus was more sensitive than Daphnia
pulex, in this study Daphtoxkit proved to be more sensitive than Thamnotoxkit, with medium values of 33.4 and
21.8 toxic units, respectively. The sample with high toxicity levels in phenolics (sample C) also showed high
L(E)C50 values in both tests. These results indicate the
usefulness of the microbiotests in detecting the toxicity in
complex wastewaters. Furthermore, microbiotests are not
only limited in drawing useful conclusions on the effect to
freshwater organisms, but the results can also be extended
to the forecast and the explanation of effects of a toxic
substance to organisms of different dwellings, such as
earthworms [30], an advantage that allows the wider estimation of any effect.
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CONCLUSION
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SUMMARY
In this work an estimation of the population’s ozone
exposure is performed in the European capital cities of
Athens, Paris and Rome, based on the recordings of 3-4 air
pollution monitoring stations in each city with comparable location characteristics (urban kerb-site, urban background, urban peripheral and rural sites). For the estimation of the total ozone exposure the broad activity patterns
of the population were considered (indoor, outdoor). The
maximum ozone exposure was observed at the periphery
of the urban areas and the minimum at the urban centers.
The rural sites, even not influenced by the city plume,
exhibited also considerable ozone exposures. In general,
the entire population in the examined cities was more or
less exposed to fairly high concentrations of ozone, unlike
most other pollutants, regardless of the place of residence
or the type of activity.

KEYWORDS:
Ozone exposure, indoor, outdoor, urban air pollution, Europe.

INTRODUCTION
The ultimate goal from the implementation of the air
quality directives is to reduce and/or eliminate exposure
of the population to air pollutants. Until now the attention
of atmospheric scientists and air quality managers has
been focused on the air quality of outdoor air. Air, however, is mostly being breathed in other compartments of
the environment, such as indoors in homes, schools, offices etc. This has led to the development of the concept
of total human air exposure; but the available information
on this parameter is generally still insufficient.

In the absence of systematic personal exposure monitoring data in Athens, an estimation of the ozone exposure
of the population has been already performed [1]. As a
next step, a comparison of the population’s ozone exposure in the European capital cities of Athens, Paris and
Rome was attempted with the present work.
The main factor contributing to the creation of the urban smog in Athens (38oN, 24oE) is the high population
density (about 4 million people are confined in an area of
450 km2) associated with intense pollutant emissions
mainly from traffic and industrial activities [2, 3]. Other
relevant factors are the local topography with relatively
high mountains (up to 1500 m) surrounding the basin and
causing poor ventilation, but also the high levels of solar
irradiation leading to the formation of photochemical
pollutants in combination with the emitted nitrogen oxides and hydrocarbons.
The Greater Paris area (48oN, 3oE) is located in a
plain and the urban agglomeration has a population of
about 10 million inhabitants. This concentration of the
population is associated with many anthropogenic polluting activities, but it also creates considerable transportation needs resulting in increased circulation. Car traffic is
the most important air pollution source in the region, as
about 5.5 million cars are circulating in the greater Paris
area. The industrial activity is not as important since Ilede-France is the first region in France regarding the economic activity but it is only the fifth as far as the industrial activity is concerned [4, 5].
The city of Rome (42oN, 12oE) is located on and around
the historical seven hills in the Tiber valley, 30 km from the
Tyrrenean Sea. The city covers an area of 1300 km2 and
the population is about 3 million inhabitants. The sea
moderating the high and low peaks of air temperature
generally has a positive influence on the air quality because it does not favour the formation of thermal inver-
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sions leading to air stagnation and pollution increase. In
addition, the sea breeze circulation limits the stagnant
conditions and the subsequent pollution formation. The
industrial activity in Rome is relatively small compared to
other European capitals. The main pollution sources are
transport and household energy consumption [6, 7].
All the above-mentioned European capitals have been
facing serious air pollution problems during the last decades. According to the measurements of the local air
pollution monitoring networks, the most serious problems
of compliance with air pollution standards in the recent
years were not due to the primary “conventional” pollutants (i.e. CO, SO2), but to the secondary photochemical
pollutants e.g. ozone [4-9].
Ozone is a strong oxidant and at certain concentration
levels, which may be reached almost frequently in many
urban areas around the world, but also in the rural areas
close to the urban centers, may cause damages to humans,
animals and vegetation [10]. There is evidence from epidemiological studies that significant changes of lung
function will occur in many individuals exercising outdoors during photochemical pollution episodes. Photochemical pollution may be also associated with small
increases in asthma morbidity and even mortality [11].
For the above reasons, air quality standards are set for
ozone [12]. The problem of tropospheric ozone has
changed dimensions about 15 years ago, when it was
realized that increased surface ozone is not only a local
urban pollution problem. The reason is that during the
20th century a general increase of surface rural ozone
concentrations has been observed, especially in the northern hemisphere, which is attributed primarily to photochemical production taking place on larger scales, regionally or continentally [13].
The estimation of the total ozone exposure of the
population in the cities of Athens, Paris and Rome is
essentially based on the recordings of 3-4 air pollution
stations in each city with comparable location characteristics (urban kerb-site, urban background, urban peripheral
and rural sites). The broad activity patterns of the population (indoor, outdoor) were also considered.

MATERIALS AND METHODS
The ambient monitoring stations in each city were selected according to their particular location characteristics, in order to have a representative view of the variability of ambient ozone concentrations inside and outside the
urban area. The selected stations for Athens were: Peireas
(urban kerb-site), Geoponiki (urban background),
Maroussi (urban peripheral) and Aliartos (rural). The rural
station of Aliartos is located about 100 km NW of Athens
in the Copais plain. Between Athens and Aliartos there is
a topographic barrier composed of several mountains and

SE winds, which could possibly transport polluted air
from Athens to Aliartos, rarely blow in Athens area.
For the city of Paris the selected stations were: Champs
de Mars (urban kerb-site/urban background), Eastman
(urban background), Jardin de Luxembourg (urban background) and Rambouillet (rural/urban peripheral area).
The station of Rambouillet located about 60 km SW of
Paris is influenced by the urban area, when the air is originating from the city, due also to the flat terrain.
For the city of Rome the selected stations were: Ada
(urban background), Cavaliere (urban peripheral) and
Guido (urban peripheral/rural).
For all three cities measurement results collected during one complete year (1999) were used. As a first step
the spatial and seasonal surface ozone characteristics of
the respective urban areas were examined. For the estimation of the personal ozone exposure (in µg O3/day received by inhalation) the general activity patterns of the
population were considered (indoor or outdoor activity)
and the corresponding total exposure rates were calculated. Since most people are normally spending 90% of
their time indoors [14], this exposure pattern was first considered and also the 50% indoor exposure as being representative for those working outdoors. A 20 m3 averaged
daily breathing volume was taken for the outdoor exposure.
For the indoor exposure the value was only 15 m3, as it is
normally associated with less activity than the outdoor
exposure. Due to the characteristic seasonal ozone variation, the ambient concentrations of the 6-months warm
period of the year (April-September) were considered as
important for the exposure estimates. During that period
people tend to be more exposed to outdoor air and also the
average ozone levels are more than double as high as those
of the 6-months cold period (October to March).
Indoor ozone levels are usually lower than those outdoors, due to the decomposition of ozone on building
surfaces, air-conditioning systems and also the general
lack of strong indoor sources. The typical range of indoor/outdoor (I/O) ozone ratio found in the literature ([1416]) varied between 0.3 to 0.5. Because of the lack of
systematic local indoor measurements, as a first approximation, the I/O value of 0.5 was taken (indoor ozone
levels considered to be the half of that outdoor), which is
close to the upper limit of the values found in the literature and applicable to buildings without central airconditioning systems. Considering all this above, the ratio
P/O (personal exposure to outdoor exposure) is calculated
to be 0.44 for the most frequent case of people spending
90% of their time indoors, breathing 0.9*15 m3 of air with
0.5 of outdoor ozone concentration and 10% of their time
outdoors breathing 0.1*20 m3 of outdoor air. This value is
in close agreement with experimental P/O ratios found in
the literature [14]. For people involved with outdoor activities (50 % indoor exposure) the corresponding P/O
ratio becomes 0.69.
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RESULTS AND DISCUSSION

The seasonal variation of ozone during 1999 at four
air pollution stations in Paris is presented in Figure 2. The
two urban background stations (Jardin de Luxemburg,
Eastman) are located several kms away from each other,
but show comparable ozone levels throughout the year.
Their ozone levels are higher than the corresponding
levels of the Champs de Mars station, which is more influenced from traffic emissions. The highest values of
ozone can be recorded at the station of Rambuillet, which
is located at a rural site, but is influenced also by the urban area and the highest monthly value reached 85 µg/m3
in July.

O3 Concentration (µg/m3)

In Figure 1 the seasonal variation of ozone for 1999
at the four air pollution stations in Athens is presented. In
the urban area the increasing order of the average ambient
ozone levels based on monthly values per station type is:
urban kerb-site (KS), urban background (UB), and urban
peripheral (UP). The average ambient ozone levels of the
rural site (RUR) of Aliartos are higher than those of the
urban KS site and comparable with the UB site. The highest monthly average ozone concentration in July at the
urban peripheral station of Maroussi exceeds 100 µg/m3.
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FIGURE 1 - Seasonal variation of O3 in Athens, 1999
(stations from left: Peireas (KS), Geoponiki (UB), Maroussi (UP), Aliartos (RUR)).
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FIGURE 2 - Seasonal variation of O3 in Paris, 1999
((stations from left: Champs de Mars(KS-UB), Eastman (UB), Jardin de Luxembourg (UB) and Rambouillet (RUR-UP)).

472

© by PSP Volume 13 – No 5. 2004

Fresenius Environmental Bulletin

120

Concentration (µg/m3)

110
100
90
80
70
60
50
40
30
20
10
0
1

2

3

4

5

6

7

8

9

10

11

12

Month of the year

A
da
Ca
(U
va
B)
lie
G
re
ui
(U
do
P)
(U
PRU
R)

Ja
rd
in

Ch
am
ps

de

M
ar
s

(K
SEa
UB
s
de
tm
)
Lu
an
xe
(U
m
Ra
B)
bu
m
rg
bu
(U
ille
B
t(
RU )
RUP
)

120
110
100
90
80
70
60
50
40
30
20
10
0
Pe
ire
as
G
(K
eo
S)
po
ni
ki
M
(U
ar
B)
ou
ss
i(
A
lia
UP
rto
)
s
(R
UR
)

O3 Concentration (µg/m3)

FIGURE 3 - Seasonal variation of O3 in Rome, 1999
((stations from left: Ada (UB), Cavaliere (UP) and Guido (UP-RUR)).

FIGURE 4 - Average ozone concentrations for the April-September
period 1999 for Athens (left), Paris (middle) and Rome (right).

In Figure 3 the 1999 seasonal variation of ozone for
the city of Rome is presented. The urban peripheral and
rural stations (Cavaliere and Guido) show significantly
higher values than the urban background station (Ada).
The highest concentrations are observed in June, when the
mean value exceeds the 100 µg/m3 ozone levels. The
averaged monthly values in Rome are closer to the corresponding ones in Athens reflecting the similar climatic
and pollution conditions of these two capitals.

It must be kept in mind that, although the urban kerbsite stations exhibit lower ozone exposures, the negative
health impact caused by the NO2 exposures as well as the
exposures to other primary pollutants (CO, hydrocarbons,
PM10, etc.), which show maximum concentrations at the
central urban sites, should be taken into account. It must
be also noted that a large part of NO2 levels of the central
urban sites and almost all the NO2 levels at the peripheral
and the rural sites are the result of ozone destruction,
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which is usually in excess, following the rapid reaction
with the freshly emitted NO from car exhausts.
As far as the violation of the existing ozone standards is
concerned, there is a significant proportion of the average 8hour (12:00-20:00) ozone values exceeding the 110 µg/m3
standard for human health protection [12] for all sites in
Athens including the rural one [1]. For the 8-months period (March to October), the percentage of days exceeding
the above limit in the 4 sites is 16% (KS), 45% (UB),
52% (UP) and 35% (RUR). In the rural site 8-hour values
up to 150 µg/m3 are observed. Afternoon ozone levels
higher than 150 µg/m3 could only be observed at the UP
and UB sites and, very occasionally, at the KS site. At the
UP and UB sites exceedings, even in 8-hour averages, of
the EU 180 µg/m3 hourly threshold value of population
warning are also observed [1]. Similar ozone concentration distributions are expected in the other two examined
capitals, especially in Rome.

(1009 µg/day) is observed at Rambouillet, which is a rural
station influenced from urban air. The exposure at the
urban background stations in Paris is about 30% lower than
the corresponding one in Athens. In Rome the most important exposure (1226 µg/day) is observed at Guido,
which has urban peripheral and rural characteristics and
shows comparable exposure levels with the Athens urban
peripheral station. On the other hand, the exposure observed at the urban background station of Ada (772 µg/day)
is closer to that at the corresponding station in Paris.
TABLE 1 - Average ozone concentrations for the April-September
period (in µg/m3) and daily ozone exposure (µg O3/day) for the two
exposure categories in Athens, Paris and Rome.
Average O3 Total exposure Total exposure
concentration for 50% indoors for 90% indoors
Peireas (KS)

68

941

599

Geoponiki (UB)

75

1031

656

Maroussi (UP)

93

1281

815

In Figure 4 the average ozone concentrations for Athens, Paris and Rome regions during the warm period of
1999 (April-September) are presented. The highest ozone
concentrations are observed in stations with urban peripheral and/or rural characteristics in all three examined cities.
The highest 6-months average concentration in Athens was
94 µg/m3 (Maroussi), in Paris 74 µg/m3 (Rambouillet) and
in Rome 88 µg/m3 (Guido). In Figure 4 the comparable
photochemical pollution conditions between Athens and
Rome are clearly shown.

Aliartos (RUR)

70

965

614

Champs de Mars (UB)

44

607

386

Eastman (UB)
Jardin de Luxemburg
(UB)
Rambuillet (RUR-UP)

51

707

450

51

701

446

73

1009

642

Ada (UB)

56

772

491

Cavaliere (UP)

69

945

601

Based on the average ozone concentrations during the
warm period of the year, the daily ozone exposure (the
amount of ozone inhaled by a person per day) was calculated and presented in Table 1. In Athens, the highest
exposure is observed for people working outdoors (50%
indoor stay) at the urban peripheral site (1281 µg/day),
followed by the urban background site (1031 µg/day). It is
remarkable that the quantity of the inhaled ozone by a
person at the rural site (965 µg/day), an important parameter because it concerns the farmers working in the
fields, is very close to the value observed at the urban
background and kerb-side sites (941 µg/day). It can be
concluded that the worst case of ozone exposure (urban
peripheral – working outdoors, 1281 µg/day) is higher by a
factor of 2 than the best case (urban kerb-site – working
indoors, 599 µg/day). An interesting remark is that for most
people, who normally spend about 90% of their time indoors, higher ozone exposures should occur during summer
vacations, when their exposure pattern is more approaching
the 50% indoor exposure. From all the results above it is
obvious that the exposure pattern of ozone is quite different
from most of the other urban pollutants, which show negligible personal exposures outside urban areas, especially for
people working outdoors.

Guido (UP-RUR)

89

1226

780

There are some slight differences in the exposure patterns of Paris and Rome. In Paris the highest exposure

As mentioned in the introduction, the interest of investigating the ozone exposure in the Athens region is
that, besides the important local production, the surface
rural ozone levels are relatively high in comparison to
corresponding values in central and northern Europe,
especially for the summer months of July and August [17,
18]. The fact that the secondary summer maximum (in
July and August) in the rural ozone seasonal variation in
the area is stronger than that of the spring maximum (very
common in most northern European sites), is in favor
with the hypothesis of the long-range photochemical
ozone production and transport during summer, indicating
a large-scale photochemical pollution problem [19]. Similar ozone pollution situations like in Athens (either on
local or regional scale) seem to prevail in Rome, but
could also be encountered in other large urban agglomerations in the Mediterranean basin, when there is a general
lack of systematic ozone measurements concerning especially the rural background [20].
The results presented above serve as a first approximation of the personal ozone exposure problem in Athens, Paris, Rome and their surroundings. The general
picture is that during the warm period of the year almost
the entire population, especially in the southern Mediter-
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ranean urban areas, is subject to important ozone exposure regardless of the place of residence or the type of
activity. This characteristic for ozone is different from
that of most of the other pollutants (i.e. SO2, CO, NOx),
which show their clear maxima at the urban centers. In
order to obtain more accurate and reliable human air exposure estimates, personal exposure monitoring would be
more appropriate instead of indoor/outdoor concentrations, since all information relatable to different types of
activities and indoor environments will be incorporated.
Total human air exposure can be seen as a powerful tool
for urban air quality assessment and management, providing useful information on the impact of measures and on
health effects linked to the presence of pollutants.
In conclusion, the maximum ozone exposure is observed at the periphery of the urban areas and the minimum at the urban centers. The EU health protection
standard (110 µg/m3, 8-hours average) can be frequently
violated in peripheral and rural sites in all three cities,
especially in the Mediterranean capitals of Athens and
Rome. For the same activity pattern, the ozone personal
exposure at the rural stations is higher than at the urban
kerb-site stations, but, on average, lower than the exposure at the urban peripheral sites and comparable to that at
the urban background stations. The ozone exposures do
not differ substantially in the three cities (urban Athens
and Rome being more comparable). Unlike most other
atmospheric pollutants, there is a widespread population
exposure to ozone, regardless of the place of residence or
the type of activity. In order to obtain more accurate and
reliable human air exposure estimates, systematic personal ozone exposure monitoring is needed.
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BY ATOMIC ABSORPTION SPECTROMETRY
Mustafa Tüzen1, Durali Mendil1, Hayati Sarı1, Menderes Suiçmez2, and Erdoğan Hasdemir3
1

Gaziosmanpaşa University, Faculty of Science and Arts, Chemistry Department, 60250 Tokat, Turkey
2
Gaziosmanpaşa University, Faculty of Science and Arts, Biology Department, 60250 Tokat, Turkey
3
Gazi University, Faculty of Science and Arts, Chemistry Department, 06500 Ankara, Turkey

SUMMARY
The concentrations of trace metals in the fish species
were determined using flame and graphite furnace atomic
absorption spectrometry after microwave digestion. The
proposed method showed satisfactory recovery rates,
detection limits and standard deviations. The average
metal concentrations of the five species varied in the
following ranges: Fe 90.16-102.51; Cu 1.34-1.72; Mn
1.29-9.21; Zn 25.76-112.71; Pb 0.53-1.73; Cd 0.98-2.25;
Cr 1.43-1.92 and Ni 2.90-9.36 µg g-1, respectively.

tions in closed vessels have been developed as a rapid and
reproducible sample preparation method for a great variety of complex matrices [9-11].
Flame atomic absorption spectrometry (FAAS) is the
most widely used technique for determination of metal
concentrations in fish. Very low concentrations are determined using graphite furnace atomic absorption spectrometry (GFAAS) [5, 7, 8, 12]. In this study, the levels
of heavy metals in fish samples collected from the Black
Sea, Turkey and digested by microwave were determined
with both AAS methods.

KEYWORDS: Black Sea, River Yesilirmak, trace metals, digestion, fish, atomic absorption spectrometry.

MATERIAL AND METHODS
Sampling

INTRODUCTION
Fish is considered as one of the main protein sources of
human food. Water pollution led to fish affected by toxic
metals from many sources, e.g. industrial and domestic
wastewater, natural runoff and contributory rivers [1, 2].
The pollution of the sea environment with trace metals
has become a serious health concern during the recent
years. The metals cadmium, lead, chromium, nickel, copper, zinc, etc. are of particular interest because they are
persistent in the environment and toxic to aquatic organisms and fish [3]. In the sea and the rivers pollutants are
potentially accumulated in aquatic organisms and sediments, and subsequently transferred to man through the
food chain [1, 4]. River Yeşilırmak is 519 km in length
and its total basin area 2352.8 km2. There are many industrial plants (textile, sugar, nutrition, etc.) on the riverbank
discharging their wastes into the river as main sources of
pollution. Levels of trace metals in fish have been widely
reported [5-8].
Both the wet and dry ashing procedures are timeconsuming. Therefore, in the recent years microwave diges-

The fish species were collected from random commercial catches at the coast of the Black Sea and in the River
Yeşilırmak in Turkey during 2003. The samples were
washed with distilled water, dried in filter paper, homogenized, packed in polyethylene bags and stored below –20
ºC until analysis. The species of fish, namely Engraulis
encrasicholus, Trachurus trachurus, Sarda sarda, Gadus
marlangus from the Black Sea and Capoeta tinca from the
River Yeşilırmak were examined in this study.
Reagents

All reagents were of analytical grade unless otherwise stated. Double-deionized water (Milli-Q Millipore,
18.2 MΩcm-1 resistivity) was used for all dilutions. HNO3
and H2O2 were of suprapure quality (E. Merck). All the
plastic and glassware were cleaned by soaking in diluted
HNO3 (1+9) and rinsed with distilled water prior to use.
The element standard solutions used for calibration were
prepared by diluting a stock solution of 1000 mg/L of the
given element supplied by Sigma and Aldrich. Matrix
modifiers, such as NH4H2PO4, Pd and Mg(NO3)2, were
purchased from Sigma.
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Apparatus

A Perkin Elmer AAnalyst 700 model AAS with deuterium background corrector was used in this study. Pb
and Cd in the samples were determined by HGA graphite
furnace using argon as inert gas. Pyrolytic coated graphite
tubes with a platform were used and signals measured as
peak areas for Cd and Pb. The other measurements were
carried out in an air/acetylene flame. The operating parameters for the working elements were set as recommended by the manufacturer.
Microwave digestion

Milestone Ethos D microwave closed system was
used in this study. Five hundred mg sample aliquots were
digested with 6 mL of HNO3 (65 %) and 2 mL of H2O2
(30 %) in the microwave digestion system and diluted to
10 mL with deionized water. A blank digest was carried out
in the same way. The digestion conditions for the microwave system were applied as 2 min for 250 W, 2 min for
0 W, 6 min for 250 W, 5 min for 400 W, 8 min for 550 W,
and vent 8 min, respectively.

RESULTS AND DISCUSSION
The recovery values were nearly quantitative (≥95 %)
using microwave digestion. The relative standard deviations were lower than 10 % for all elements.
According to the results (Table 1), the metal contents
in the samples studied depend on the species analyzed.
All metal concentrations were determined on a dry weight
basis. Iron showed the highest concentration followed by
zinc, manganese and nickel.
The concentration levels of lead found in the different
species varied from 0.53 to 1.73 µg g-1. The values for
lead agree with that found in the literature [5, 13, 14]. In
general, the lead concentrations determined are higher
than those of Kuçuksezgin et al. [15], but lower than the
values of Aucoin et al. [8]. There are no significant differences between the lead values obtained for all fish species
under study.

Concentrations of copper varied from 1.34 to 1.72 µg g-1
and are in good agreement with Tuzen [5] and Farkas et
al. [13], but slightly lower than those reported by Cohen
et al. [16] and higher than those of Perez Cid et al. [17].
There is no significant difference between sea and river
fish copper values.
Zinc values in fish species ranged from 25.8 to
112.7 µg g-1. The maximum zinc level has been observed
in Engraulis encrasicholus and the minimum in Sarda
sarda. These values are similar to that of Aucoin et al. [8]
and Sericano et al. [14], but higher than those reported in
the middle and eastern Black Sea [5, 18].
Manganese concentrations varied in the range 1.29 9.21 µg g-1. Tarıq et al. [2] investigated heavy metal concentrations in fish in the Arabian Sea and found a similar
value of 8.23µg g-1.
The iron concentration varied from 52.5 to 102.5 µg g-1.
Tuzen [5] and Boran et al. [18] have investigated heavy
metal levels in fish samples of the same sampling area
and found lower iron accumulation in fish species (32.4
and 14.1 µg g-1, respectively). However, the iron values of
Tarıq et al. [2] and Sericano et al. [14] are quite higher
than that of this work, which are also similar to Mansour
and Sidky [19] and Pujin et al. [20].
The mean chromium concentration range in fish samples
has been reported as 2.74-6.08 µg g-1 [2] and 2-15 µg g-1 [8].
We found chromium concentrations in the range of 1.431.92 µg g-1.
The mean nickel concentrations in fish samples
ranged from 2.90 to 9.36 µg g-1 and are quite different to
those reported by other authors, 0.06-0.39 µg g-1 [17] and
0.18-12.1 µg g-1 [19].
Cadmium concentrations varied in the range 0.982.25 µg g-1. These values are in agreement with those of
Sericano et al. [14], but slightly higher than the others found
in literature [5, 15, 18]. The fact that toxic metals are present
in high concentrations in marine organisms is of particular
importance in relation to the FAO/WHO [21] standards for
Pb and Cd as toxic metals. The maximum permissible doses
for an adult are 3 mg Pb and 0.5 mg Cd per week, but the
recommended doses are only one-fifth of these quantities.

TABLE 1
Mean trace metal concentrations (µg/g) in fish species (Mean± S.D.)
Species

n

Pb

Cu

Zn

Mn

Fe

Cr

Ni

Cd

Trachurus trachurus

25

1.73±0.14

1.58±0.13

53.4±4.3

1.29±0.11

68.24±5.72

1.43±0.12

6.73±0.52

1.59±0.14

Engraulis encrasicholus

27

1.23±0.09

1.47±0.12

112.71±10.8

9.21±0.83

80.56±7.9

1.82±0.15

9.36±0.81

2.25±0.21

Gadus marlangus

35

0.87±0.05

1.72±0.17

40.54±3.88

8.12±0.75

102.51±9.8

1.85±0.17

2.90±0.18

1.08±0.09

Sarda sarda

30

1.31±0.11

1.34±0.14

25.76±2.01

8.14±0.81

52.51±4.92

1.92±0.18

5.30±0.39

0.98±0.10

Capoeta tinca

32

0.53±0.04

1.52±0.12

45.22±3.82

5.56±0.42

90.16±5.35

1.85±0.16

3.71±0.16 1.96±0.13

n= number of sample
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CONCLUSION
The proposed method was efficient for simple, rapid
and reliable determination of some heavy metals in fish
species and evidenced recoveries in the range of 95-102 %.
The recovery studies have shown that the digestion method used in this study is satisfactory and reproducible for
fish samples. The relative standard deviations were lower
than 10 %. The metal concentrations of the river fish were
slightly lower than those of the sea fish species. Generally, all metal concentrations were in agreement with those
stated in the literature, except for Cd.
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Press Releases

All proceedings will be conducted in English only.
Delegates have to ensure that all papers and presentations
are in English before the commencement of the symposium as there will be no translation facilities. You are invited to submit abstracts for presentations and posters.
Please indicate clearly if you wish to present an oral or a
poster paper. Posters for all sessions will be displayed for
the duration of the Symposium. Abstracts of contributions
should reach the Symposium Secretariat by 15 May 2004.

th

15 International Symposium of the
International Scientific Centre for Fertilizers Fertilizers and Fertilization for Sustainability in
Agriculture: The First World meets the Third World –
Challenges for the Future
27 - 30 September 2004, Pretoria, South Africa

If your paper is accepted, we will automatically send
you the guidelines for preparing oral and/or poster presentations.

Scientific Program

In South Africa today, as a microcosm of the whole
world, there are two different “worlds” when agriculture is
considered. In the one, agricultural products are produced
on a large commercial scale and producers have access to
fertilizers through access to credit, adequate profits, and
knowledge. In the other, subsistence and small-scale farmers produce little or just enough to sustain their families due
to environmental constraints and inadequate access to fertilizers, credit, knowledge, etc. Where agriculture contributes
only about 4% of the GDP, the majority of the population
of South Africa is highly dependent on it in different forms
(commercial through subsistence). Together with the challenge of introducing and maintaining sustainable agricultural practices, many rural communities face the challenge
to increase fertilizer use to better their livelihoods. The
major topics of the symposium will therefore be:

Symposium Secretariat

For further details (registration, etc.) please contact:
Johan van der Waals
Department of Plant Production and Soil Science
University of Pretoria
Pretoria 0002 - South Africa
Phone: +27 12 420 3214
Fax: +27 12 420 3221
E-mail: jvdwaals@postino.up.ac.za or
15ciecsa@postino.up.ac.za

Dr A.H. Heineken Prize for Environmental
Sciences 2004 awarded to Simon Levin

1) Developments in commercial fertilizer materials
2) Fertilizers from industrial by-products and waste materials
3) Organic-fertilizer use and technology in agriculture
4) Fertilization, environmental quality and sustainability

The Royal Netherlands Academy of Arts and Sciences
has awarded the Dr A.H. Heineken Prize for Environmental
Sciences 2004 (USD 150,000) to Professor Simon A. Levin, Department of Ecology and Evolutionary Biology,
Princeton University, Princeton, New Jersey, United States,
for 'his insights into the effects of scale on ecosystems'.

5) Fertilizer use in precision agriculture
6) Advanced aspects of macro- and micronutrient fertilization
7) Fertilization and food quality
8) Fertilization related to food security and improved rural
livelihoods
9) Challenges related to inadequate access to fertilizers
The objective of the symposium is to bring together
scientists from South Africa and the rest of the world to
discuss different aspects concerning fertilizer use. At the
end of the symposium it is hoped that delegates will leave
having shared ideas, having contributed to the body of
knowledge concerning fertilizer use, and having made
friends and contacts for future research and the sharing of
knowledge.

The subject

At the basis of Simon Levin's work is his use of
mathematical techniques and models to understand the
properties of ecosystems, i.e. the biological communities
that inhabit specific areas, including all associated living
and non-living factors. Levin unites theory and empiricism, with 'scale' as his leitmotiv. Natural populations and
their internal coherence are influenced in part by time,
space and complexity. Something that occurs on one
order of scale may have a very different impact on another. Levin seeks concrete answers to such questions as:
when does an ecosystem collapse? How resilient is it?
What is the value of a single species, and what can the
ecosystem do without? What role do evolution and the
biosphere play? In other words: what are the dynamics of
ecosystems? The answers to these questions are highly
important not only for research into biodiversity but also
for environmental protection. Levin has shown that many
of the properties of ecosystems vary according to fixed
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patterns and that we often really only understand phenomena when we know what is going on at different orders of
scale. His insights have led to fundamental changes in the
discipline of ecology, which until the early nineties had
been divided into a number of subdisciplines, each of them
myopic in its own way. What Levin did was offer a pair of
'glasses': his article 'The Problem of Pattern and Scale in
Ecology', which appeared in Ecology. It became the most
highly cited work in the entire field in the 1990s.

About the prize

The Dr A.H. Heineken Prize for Environmental Sciences has been awarded every two years since 1990. Previous prizewinners have included James Lovelock, Birdlife International (Colin Bibby), Paul Ehrlich and Lonnie
Thompson. The jury was chaired by Prof. J. Bouma. For
more
background
information,
please
see
http://www.knaw.nl/heinekenprizes
The awards ceremony

The prizewinner

Born in 1941 in the United States, Simon Asher Levin has conducted research in mathematical biology for
more than forty years. He began by studying mathematics
and took his Ph.D. in this subject in 1964 from the University of Maryland, College Park. In 1965 he became a researcher at Cornell University (Ithaca, N.Y.), where he
quickly joined the Ecology and Mathematics department.
Levin was appointed Professor of Applied Mathematics
and Ecology in 1977, a post he held until 1992, when he
left Cornell for Princeton University (New Jersey). Today
he is the George M. Moffett Professor of Biology at Princeton and the director of the Center for Biocomplexity.

The five Heineken Prizes for science, scholarship and
art are presented every other year during a special session
of the Academy. This year the presentation will take place
on Friday 1 October at the Beurs van Berlage Building in
Amsterdam. KNAW, Het Trippenhuis, Kloveniersburgwal 29, Amsterdam. P.O. Box 19121, 1000 GC Amsterdam. Afdeling Voorlichting tel +31 (0)20-5510733,
fax +31 (0)20-6204941. voorlichting@bureau.knaw.nl

Simon Levin is an exceptionally active scientist. A
list of his management positions, editorial posts and lectures, the meetings and conferences he has organised or
co-organised, and the Ph.D. candidates and post-docs he
has supervised runs to dozens of pages. Added to this is
his long list of publications (including the 4,800-page
Encyclopedia of Biodiversity, of which he is the editor-inchief). He has been the recipient of many prizes and
marks of recognition. For example, in 2000 he was made
a member of the American National Academy of Sciences
and in 2001 was presented with the Akira Okubo Lifetime
Achievement Award.
Levin is said to be a gifted speaker and an excellent
teacher, capable of inspiring and motivating researchers
and making his insights comprehensible for the general
public. He also influences the international research agenda, for example as the chair of the Executive Committee of
the International Institute for Applied Systems Analysis
(IIASA), an interdisciplinary research institute based in
Austria which studies the human dimensions of global
change.
Further reading

Levin, S.A., The Problem of Pattern and Scale in
Ecology, Ecology, 73 (6), 1992 Levin, S.A., Grenfell,
B.T., Hastings, A., Perelson, A.S., Mathematical and
computational challenges in population biology and ecosystem science, Science 275: 334-343, 1997 Levin, S.A.,
Fragile Dominion, complexity and the commons, Perseus
Books Group, Reading, 1999 Levin, S.A., editor-in-chief,
Encyclopedia of Biodiversity, Volumes 1-5, Academic
Press, San Diego, 2001
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