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EFFECT OF PRE-TANNING EFFLUENTS ON SEED
GERMINATION AND GROWTH TRAITS IN SOME CEREALS
Ali Nail Yapıcı* and Şemun Tayyar
Çanakkale Onsekiz Mart University, Biga Vocational College, 17200 Biga-Çanakkale, Turkey

ABSTRACT
This investigation was carried out to study the effects
of different dilutions of mixed pre-tanning effluents on
seed germination and growth traits of wheat, triticale,
barley, and oat. The seeds of the plant materials were
planted in a completely randomized block design with three
replications and irrigated with different dilutions of pretanning effluents (1:10, 1:40 and 1:80), undiluted pretanning effluent (1:0) and tap water (control). The data
were collected on the numbers of germinated seeds, germination percentage, root length, root weight, shoot
length, shoot weight and root+ shoot weight at the end of
15th day after planting. The results showed that the differences among the treatments were significant for all characteristics investigated (P<0.05). The undiluted pre-tanning
effluent (1:0) had adverse effects on seed germination and
growth traits for every genotype. In some crops, in oat for
instance, 1:10 dilution resulted in the highest values of the
studied traits.

described as wet process before tannage [6] and it often
includes soaking, dehairing-liming, deliming-bating, degreasing (for fatty raw materials) and pickling [7-9]. The
pre-tanning operation alone contributes to 70-80% pollution
loads in tannery wastewater. The soaking process is a major
contributor to high total solids [10], which is principally
because of the common salts used. In addition, the dehairing
process is one of the most polluting operations in leather
processing [6]. The most important pollutants in pre-tanning
effluents are: salt, hide surface impurities, dirt, globular
proteins, sulphides, lime, decomposed products of collagen
and hair keratin, saponified fractions of native fat constitute,
calcium salts (mainly sulphates), residual proteolytic enzymatic agents [11] and acids. As in many developing countries, some factories in Turkey discharge the
waste water into creeks and rivers without being treated,
which affects not only the aquatic life but also agricultural
fields. The study was carried out to determine the effect of
the pre-tanning processes, in which both the amount of the
waste water and pollution load are at the highest level, on
the germination and seedling growth of some cereals.

KEYWORDS:
Tannery, leather industry, field crops, environment

MATERIALS AND METHODS

INTRODUCTION
Leather manufacturing, which has gained significant
economic relevance, is one of the oldest professions in
Turkey with 895 operative tanneries [1] that spread mostly
in Istanbul-Tuzla, İzmir-Menemen, Tekirdağ-Çorlu, Uşak,
Bursa, Balıkesir-Gönen, Bolu-Gerede, Isparta, Hatay,
Manisa-Kula. In the leather industry, a wide variety of
chemicals [2] and vast amounts of water are used [3].
According to Buljan et al [4], the efficiency of utilisation
of some process chemicals is very low (about 15%). Therefore, the process water used in many processes is heavily
polluted, and it may vary considerably from one tannery
to another [5]. Wet-processes of leather manufacturing are
categorized in three main stages: Pre-tanning, tanning and
post-tanning processes. The pre-tanning operation is

The trial was conducted at Çanakkale Onsekiz Mart
University, Biga Vocational College, Biga (26º 53' – 27º
30' East, 40º 02' – 40º 28' North), Çanakkale, Turkey. The
effect of different dilutions of pre-tanning effluents was
studied on four cereal species. Wheat (Gönen variety),
triticale (Karma variety), barley (Çıldır variety), and oat
(Checota variety) seeds were planted in a randomized
complete block design with three replications. Except wheat,
all species were obtained from the Agricultural and Rural
Affairs Ministry, Anadolu Agricultural Research Center,
Eskişehir. Wheat (Gönen variety) was obtained from
Çanakkale Onsekiz Mart University, Agriculture Faculty.
For each replication, 20 seeds were sown into the experimental soil. The soil had the following characteristics, pH:
7.5, E.C. (mS/cm): 0.55, organic matter content (%): 2.45,
lime (%): 0.80, P (kg/da): 56 and K (kg/da): 80 [12]. No
fertilizers and chemicals were applied during seed germination.
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In order to obtain mixed pre-tanning wastewater, five
pieces of wet-salted hides were processed in a wooden drum
which was specially designed for laboratory use, in the
Leather Practice Unit of Biga Vocational College. The
details of the pre-tanning processes are given in Table 1.

Environmental Counseling Center Laboratory (Accredited
by TURKAK), Bursa Chamber of Commerce and Industry, based on standard methods [13]. The characteristics
are given in Table 2. For germination test, the plant materials were sown into the experimental soil in plastic boxes.
They were then irrigated with tap water for control, and with
the same quantity of various dilutions of the pre-tanning
effluents (1:10, 1:40 and 1:80) and undiluted pre-tanning
effluent (1:0). The boxes were kept at room temperature.
On the 15th day after planting, the seedlings were uprooted and some seed germination and growth traits (the
number of germinated seeds (number), germination percentage (%), root length (cm), root weight (mg), shoot

Waste waters generated in each processing stage were
separately collected and then they were mixed to get the
final pre-tanning effluent. The pre-tanning effluent was
diluted with tap water as 1:10, 1:40 and 1:80 (w/w). They
were used for irrigation of the seed germination when
needed. Some physico-chemical parameters of diluted
wastewaters including tap water were analyzed in the Bursa

TABLE 1 - Pre-tanning processes of wet-salted hides (% based on raw materials weight).
Process
Pre-Soak
Drain
Main-Soak

%

o

Chemicals

% based on raw hide weight
200
Water
200
0.5

C

22

Water
Non-ionic emulsifier

Time
(min.)

pH

MA* (rpm)

360

7.0-7.5

0

7.0-7.5

4

11-12

4

8.3-8.5

12
12
12

22

0.5
Bactericide
60
(Run on automatic-run 10 minutes/stop 50 minutes for 24 hours)
Drain
Pre-fleshing
Unhairing-Liming

200
2

Water
Sodium sulphide

22

4
Lime
20
(Run on automatic-run 3 minutes/stop 57 minutes for 24 hours)
Drain
Fleshing
Trimming
Weighing
Deliming-Bating
Add
Wash
Drain
Pickling

Recorded as pelt weight
% based on pelt weight
150
Water
1
Ammonium sulphate
0.8
Enzymatic agents
150
150
6
0.5
1

35
90
60
10

20

Water
NaCl
Add
Formic acid (diluted 1:10)
Add
Sulphuric acid
(diluted 1:10)
* MA: Mechanical action of leather processing drum

22
20
30
180

2.9-3.1

12
12

TABLE 2 - Physico-chemical characteristics of the pre-tanning effluents and tap water*.
Parameters
pH
EC (mS/cm)
Total nitrogen
Total phosphorus
(PO4-P)
Total sulphures
K
Ca
Mg
Na
Cu
Cl

7.36
0.53
3.6

Pre-tanning effluent
at 1:80 dilution
7.68
1.10
17.0

Pre-tanning effluent
at 1:40 dilution
8.09
1.59
42.6

Pre-tanning effluent
at 1:10 dilution
8.57
4.43
140.0

<0.3

<0.3

<0.3

1.0

7.6

1.3
2.7
71.5
11.4
14.4
0.0074
22.9

1.9
4.3
76.3
11.4
114.0
0.0127
195.3

2.2
6.6
78.4
11.4
945.3
0.0184
311.0

2.9
17.9
98.9
15.8
2017.7
0.0423
462.2

41.6
211.5
404.6
37.6
14810.3
0.1289
1344.2

Tap water

387

Undiluted pre-tanning
effluent (1:0)
8.89
34
1426.0
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*All values, except pH and EC, are in mg/L
TABLE 3 - Seed germination and growth characteristics of wheat, triticale, barley and oat.
Treatment
Wheat
Tap water
1:0
1:10
1:40
1:80
LSD0.05
C.V.%
Triticale
Tap water
1:0
1:10
1:40
1:80
LSD0.05
C.V.%
Barley
Tap water
1:0
1:10
1:40
1:80
LSD0.05
C.V.%
Oat
Tap water
1:0
1:10
1:40
1:80
LSD0.05
C.V.%

Number of
germinated
seeds (number)

Germination
percentage (%)

Root length
(cm)

Root weight
(mg)

Shoot length
(cm)

Shoot weight
(mg)

Root +
shoot weight
(mg)

19.7 a
6.3 c
17.7 b
19.3 a
19.0 ab
1.38
4.45

98.3 a
31.7 c
88.3 b
96.7 a
95.0 ab
6.88
4.45

8.7 a
2.9 b
8.3 a
8.5 a
7.8 a
1.55
11.35

7.0 ab
3.2 c
8.2 a
7.5 ab
6.4 b
1.42
11.65

21.7 a
2.5 b
21.8 a
21.4 a
21.7 a
1.76
5.24

197.9 a
35.5 b
194.7 a
212.0 a
205.0 a
21.85
6.87

204.9 a
38.7 b
202.9 a
219.5 a
211.3 a
21.68
6.56

17.7 a
6.7 b
17.7 a
17.0 a
18.3 a
2.87
9.84

88.3 a
33.3 b
88.3 a
85.0 a
91.7 a
14.33
9.84

7.6 a
3.3 b
8.0 a
7.7 a
8.2 a
2.13
16.15

4.5 a
2.2 b
4.9 a
4.8 a
4.7 a
1.96
24.62

21.1 a
2.9 b
22.0 a
21.6 a
20.9 a
1.83
5.50

210.4 a
17.6 b
213.0 a
214.9 a
211.5 a
14.99
4.59

214.9 a
19.8 b
217.9 a
219.7 a
216.2 a
16.39
4.90

18.7 a
12.3 b
19.0 a
20.0 a
19.3 a
5.53
16.45

93.3 a
61.7 b
95.0 a
100.0 a
96.7 a
27.66
16.45

7.1 b
3.6 c
9.3 a
8.9 ab
8.8 ab
2.14
15.13

5.5 b
3.8 b
8.0 a
8.2 a
9.5 a
2.30
17.53

25.6 a
4.2 b
24.4 a
25.4 a
25.2 a
1.88
4.75

302.1 a
75.3 b
315.3 a
311.9 a
310.3 a
31.91
6.45

307.6 a
79.1 b
323.2 a
320.0 a
319.8 a
32.21
6.34

20.0 a
2.7 b
20.0 a
19.0 a
19.0 a
4.15
13.67

100.0 a
13.3 b
100.0 a
95.0 a
95.0 a
20.77
13.67

6.4 a
0.5 b
7.9 a
6.5 a
7.5 a
1.84
16.97

3.3 b
0.5 c
4.8 a
3.7 b
3.2 b
1.03
17.61

22.8 b
0.3 c
23.9 a
23.2 ab
23.3 ab
0.76
2.16

151.0 b
2.3 c
175.9 a
173.1 ab
160.5 ab
22.65
9.08

154.3 b
2.8 c
180.7 a
176.8 ab
163.7 ab
22.89
8.96

length (cm), shoot weight (mg), root+shoot weight (mg))
were determined. The data of each parameter were subjected to an analysis of variance using SAS software. Means
were compared by the LSD test at P<0.05 [14].
RESULTS AND DISCUSSION
The results of germination and growth characteristics
from the five treatments for wheat, triticale, barley and oat
are shown in Table 3. The data revealed different responses
of the plant materials to the diluted pre-tanning effluents.
The differences among the treatments were significant for
all the traits at the level of 5%. Undiluted pre-tanning effluent gave rise to lower germination and growth properties
than the other treatments in all species.
For wheat, the numbers of germinated seeds, germination percentage, root length, root weight, shoot length,
shoot weight and root+shoot weight were found to be 6.319.7, 31.7-98.3 %, 2.9-8.7 cm, 3.2-8.2 mg, 2.5-21.8 cm,
35.5-212.0 mg and 38.7-219.5 mg, respectively. No statistically significant difference among the treatments for root
length, shoot length, shoot weight and root+shoot weight
was detected, except in case of pre-tanning effluent appli-

cation at 1:0, in which case all the parameters were significantly lower (Table 3).
In case of triticale also similar results were obtained
with the undiluted pre-tanning effluent producing significant reduction in the germination and growth parameters.
The number of germinated seeds and germination percentage for barley were found to be the highest in the irrigation
performed with the 1:40 dilution. The highest values for root
length (9.3 cm), shoot weight (315.3 mg) and root+shoot
weight (323.2 mg) were detected in 1:10 dilution. The highest values for root weight and shoot length were found to
be relatively 9.5 mg in 1:80 dilution and 25.6 cm in the tap
water.
As far as oat was considered, the numbers of germinated seeds, germination percentage, root length, root
weight, shoot length, shoot weight and root+shoot weight
were 2.7-20.0, 13.3-100 %, 0.5-7.9 cm, 0.5-4.8 mg, 0.323.9 cm, 2.3-175.9 mg and 2.8-180.7 mg in order. It was
observed that the highest values in all of the given parameters were obtained in 1:10 dilution.
In this study, where the effects of waste water generated in the pre-tanning processes on the seed germination
and growth of some cereals were investigated, three differ-
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ent dilutions (1:10, 1:40 and 1:80) of pre-tanning effluents,
undiluted pre-tanning effluent and tap water intended for
control were used for irrigation. A statistical significance
(P<0.05) was observed both seed germination and growth
parameters. In addition to salt used for conservation of
hides or skins at 40-50 % (w/w) [15], assorted chemicals,
such as NaCl, Ca(OH)2, Na2S, (NH4)2SO4, some acids and
alkaline and surface active agents were also intensively
used in various pre-tanning processes [16]. The amounts of
the process chemicals are not completely absorbed by pelt
and further are discharged together with components (salt,
nitrogenous compounds, fatty materials and the like) passed
from the pelt. Accordingly, it was observed that given germination and growth parameters yielded the lowest values
for all the four cereals irrigated with undiluted pre-tanning
effluent. Our findings corroborate some of the earlier studies performed with tannery effluents [17-20]. Moreover,
intensive bacteria and fungi (yeast and mould) load in the
pre-tanning waste water could toxically affect plants and
soil [21, 22]. It was also concluded that salt used for both
conservation and degreasing, pickling processes and passing into the effluent negatively affects the germination and
growth parameters. Table 1 clearly indicates that salt content was very high in undiluted pre-tanning effluent.
It was found that dilutions such as 1:80 for triticale,
1:10 for barley and oat yielded higher values than the control for some of the germination and growth characteristics. The reason could be attributed to the presence of some
beneficial plant nutrient elements (nitrogen, phosphorus,
calcium and sulphide etc.) in the pre-tanning effluents [23,
24].
The present study brought to light that undiluted pretanning effluent (1:0) had negative effects and suppressed
the seed germination and growth characteristics in cereals
studied. However, at appropriate dilutions, the pre-tanning
effluent was seen to have plant growth sustaining properties. It is therefore possible that if the tannery effluent is
carefully used, they can be an irrigation source for cereals. But, care must be taken that undiluted pre-tanning
effluent should never be used for agricultural purposes. The
study also confirms that tannery effluents must be properly
treated before they are released into the environment. To
overcome these problems alternative leather production
methods [25] which are less destructive, environmentally
friendly and cheaper should be developed.
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ABSTRACT
Artisanal mining is an essential activity in many developing countries as it provides an important source of
livelihood, particularly in rural regions where economic
alternatives are critically limited. In Huanca Region
(Ayacucho Department, Peru) artisanal gold mining represents an important income for the local people. This activity is accompanied by environmental degradation; consequently, soils and surface watercourses in the Acari River
catchment, in this Region, are affected by the intense
artisanal gold mining developed in the area. Rudimentary
extraction of gold and other precious metals from their
ores by treatment with mercury (amalgamation) is carried
out in this area. Tailing ponds storing Hg-rich wastes from
amalgamation processes represent potential pollution
sources for the environment and human health. According
to the geochemical data obtained after an on-site preliminary
study, mercury anomalies are evidenced in the soils and
waters of Huanca settlement.

KEYWORDS: Artisanal mining, mercury, pollution, Peru

INTRODUCTION
Artisanal mining refers to mining by individuals,
groups, families or cooperatives, that is purely manual or
with minimal mechanization. It is particularly widespread
in developing countries in Africa, Asia, Oceania and Central and South America, where it plays a crucial socioeconomic role in poverty alleviation and rural development
by promoting direct and indirect employment potential without heavy investment. In artisanal mining activities, there is
no previous geological exploration, no drilling, no proven
reserves and no ore tonnage establishment and engineering
studies. The International Labour Organization estimated
that the number of artisanal miners was around 13 million

in 55 countries in 1999, undergoing a 20% increase over
the past five years. In Latin America, over a million people are directly involved in small-scale gold mining operations (25,000 to 50,000 miners in about 50 illegal mines
in Peru). This comes to thwart the worldwide demand for
gold, which is much higher than the total production of the
world’s gold mines [1]. On the other hand, these artisanal
operations are	
   characterized	
   by	
   their	
   low	
   productivity,	
  
poor	
   safety	
   conditions	
   and	
   negative	
   impact	
   on	
   the	
   envi-‐
ronment. The international development community is
being concerned with the potential environmental risks of
the small-scale mining sector for the past 40 years. In
many cases, artisanal and small-scale mining is often a
short-run phenomenon, but most of the attention should be
paid to pollution problems with long term effects, which
would exist long after the mine-closure.
One of the most serious environmental problems in the
artisanal mining sector is the mercury pollution associated
to gold recovery. Although the use of mercury in mineral
processing is illegal in most countries, amalgamation is
the preferred method employed by artisanal gold miners
because Hg is quite cheap and easily handled, but miners
are seldom aware of, or ignore the health risks associated
with mercury handling. Mercury, because of its normal
liquid state, has the capacity to form an amalgam with gold,
and when the resulting amalgam is heated, the mercury
vaporises, leaving the so-called gold doré [2]; generally,
no more than a 70% of the mercury used in amalgamation
practices is ever recovered [3, 4]. Amalgamation was extensively used worldwide in the 19th century, but since
1889, gold amalgamation started to decline as an industrial process, to be replaced by cyanidation [5]. Furthermore,
with inefficient amalgamation, gold recovery is poor (about
50%), meaning a substantial loss of resources, so during	
  
amalgamation,	
   excess	
   mercury	
   is	
   used	
   in	
   order	
   to	
  
accelerate	
   the	
   process.	
   The	
   indiscriminate	
   and	
   ineffi-‐
cient	
   use	
   of	
   mercury	
   for	
   gold	
   amalgamation	
   has	
   been	
  
the	
   cause	
   of	
   large	
   quantities	
   of	
   this	
   metal	
   being	
   lost	
  
and	
   introduced	
   into	
   the	
   environment	
   in	
   both,	
   liquid	
  
and	
  gaseous	
  forms	
  [1, 6]. Mercury emissions from amal-
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gamation processes asso- ciated to artisanal gold mining
are derived from inadequate practices, lack of knowledge
about mercury toxicity and insufficient access to appropriate techniques.

cesses, where soils usually have higher metal concentrations than other soil types. In lateritic Brazilian soils, the
fraction lower than 0.074 mm shows Hg values ranging
from 0.1 to 0.3 mg·kg-1 [7], whereas average Hg concentration in soils in the world can be estimated in 0.071
mg·kg-1. Andren and Nriagu [8] and Taylor [9] reported a
mean concentration of 0.080 mg·kg-1 as the earth’s crust
background, whereas Higueras et al. [10] reported 0.010.03 mg·kg-1 Hg as baseline level for uncontaminated soils.

As the price of gold has been increasing during the
last years, the number of artisanal gold miners can range
from 10 to 15 million people worldwide [7]. Most of the
artisanal mining areas are located in tropical regions of the
globe, typically characterized by intense laterization pro-
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Since 1998, annual artisanal and small-scale gold
mining production has constituted 20 to 30% of the global
gold production, ranging from 500 to 800 tonnes [11, 12].
It is difficult to obtain reliable, quantitative data about Hg
releases from active artisanal mining because miners do
not provide information about the amount of Hg they use
and their gold production is dispersed in large area. Assuming a loss between 1 and 2 grams of Hg per gram of
produced gold, it is estimated that between 500 and 1600
tonnes of Hg are annually released to the environment in
gaseous form. The predominant source of Hg emission derived from artisanal and small-scale gold mining is in China
(200 to 250 tonnes/year), Indonesia (100 to 150 tonnes/
year) and Brazil, Colombia, Peru, Philippines, Venezuela
and Zimbabwe (10 to 30 tonnes/year, respectively) [1316]. Other sources, nevertheless, give higher values, as it	
  
is	
  estimated	
  that	
  70	
  tonnes	
  of	
  liquid	
  mercury	
  are	
  lost	
  
per	
   year	
   in	
   the	
   Mid	
   South	
   Peru,	
   mainly	
   during	
   amal-‐
gamation	
   processes	
   [6].	
   Exports from Europe and USA
of recycled Hg to Latin America, Africa and Asia have
been duplicated from 1990 to 2000; this can be explained
considering that it is economically more attractive to
recycle Hg-bearing waste, selling the recovered Hg on the
open market, than disposing Hg-bearing waste to a hazardous waste facility in Europe [17, 18].
In	
   Peru,	
   artisanal	
   mining	
   produces	
   exclusively	
  
gold	
   and	
   it	
   has	
   proliferated	
   due	
   to	
   a	
   combination	
   of	
  
survival	
   and	
   opportunity.	
   Particularly,	
   these	
   deposits	
  

are	
  not	
  attractive	
  to	
  mining	
  companies	
  in	
  zones	
  strick-‐
en	
   by	
   terrorist	
   violence,	
   so	
   artisanal	
   mining	
   is	
   now	
   the	
  
main	
   economic	
   activity	
   of	
   this	
   area	
   [1].	
   In some rural
regions of Peru, artisanal gold mining is an essential activity [19], as it provides an important source of income,
where economic alternatives are critically limited. Artisanal mining is abundant and geographically limited to the
zones of Nazca and Ocoña (Ica and Arequipa Departments), Huanca (Ayacucho Department), Altiplane (Puno
Department), the mountains of La Libertad Department,
Madre de Dios Department, and the Amazonic forest,
where alluvial deposits are exploited (Figure 1).
It is estimated that between 20,000 and 30,000 people
are dedicated to the artisanal mining in these areas, where
mining is the main economical activity displacing other
economical activities, such as agriculture and grazing. In the
Mid South of Peru there are more than 60 mining camps
located in the provinces of Nazca and Palpa (Ica Department); Lucanas and Sancos (Ayacucho Department) and
Caraveli, Condesuyos and La Joya (Arequipa Department).
The number of miners working in artisanal mining in Ica,
Ayacucho and Arequipa departments is about 10,000 [20].
Although the gold production has increased in general during the last few years, in relative terms, estimated production from artisanal mining is decreasing compared to that
from medium and large-scale mining, as it represented
12% of the total gold production in 2002 and only 8% in
2005 (Table 1).

TABLE 1 - Evolution of total and artisanal gold production in Peru (data from the Energy and Mining Ministry of Peru)
Gold production (kg)
Total mining
Artisanal mining
Artisanal mining (%)

1990
20,179
11,800
58%

1994
47,799
24,480
51%

1998
94,214
22,560
24%

2001
141,458
16,620
12%

MATERIALS AND METHODS
Site description

The settlement of Huanca is located in Ayacucho Department (590 km SE from Lima, figure 1)	
   on	
   land	
   be-‐
longing	
  to	
  a	
  farming	
  community. There	
  is	
  small agricultural activity for production of potatoes, corn and apples, which are commercialised in the Acarí village. The
main economical activity is artisanal gold mining, which
was commenced in the area in 1985, when an important
gold vein was found in the surrounding hills. Half of the
current population of Huanca (approximately	
   1,200	
   in-‐
habitants)	
   come	
   mainly	
   from	
   the	
   Mid	
   South.	
   Together
with the agricultural and small scale livestock activities,
artisanal mining generates an important socio-economical
impact in the area, generating direct and indirect employment (the mining workers sometimes exercise this profession on a part-time basis in addition to agricultural labour),
as 90% of the heads of the family are dedicated to artisan-

2002
157,530
18,719
12%

2003
172,619
12,849
7%

2004
173,219
14,783
9%

2005
207,822
16,092
8%

al gold mining [1]. Mercury amalgamation is generally
employed for gold recovery from the exploited ore, and
miners participate in the artisanal extractive operations
without any type of health protection measures when handling mercury.
Climate

The studied area is located at 750-800 metres above
sea level, in a typical coastal sub-tropical climate. According to the data facilitated by the National Service of Meteorology and Hydrology of Peru (SENAHMI) for the area,
average temperature fluctuates between 24ºC in summer
and 15ºC in winter, and relative humidity ranges from 50 to
70%. The zone is characterized by typically scarce and irregular precipitation along the year, with an average monthly
rainfall ranging from 154.8 mm in February, to 1.4 mm in
June (arid-semiarid climate).
Geology
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Regionally, the area of study corresponds to the geomorphologic unit of the Subandine Flat Area, which constitutes an erosion surface dissected by numerous gorges
and rivers draining towards the Pacific Ocean. In this unit,
the Acarí River catchment can be differentiated as a flat area
with slope towards the Southwest, with an average wide of
300 m, developing agricultural areas in some zones.
The geology of the area is characterized by igneous intrusive rocks (“La Costa” batholith), which belong to the
Tiabaya unit, of Middle Cretaceous age. These intrusive
rocks range in composition from tonalites to diorites and
granodiorites, and show granular texture and zoned plagioclases with alteration rings and solids inclusions of hornblende. Recent alluvial, elluvial and colluvial deposits are
very abundant in the area. Main structural features are related to the tectonic movements of the Andine cycle, and the
fault systems N-10º-E (65º NE dip) and N-80º-W (40º SE
dip) are the most representative [21].
Gold mineralization consists on auriferous pyrite disseminated in quartz veins and lenticular bodies. Mineralized veinlets (1 to 10 cm thick) are frequent, with gold
grades ranging from 1 to 80 ounces per ton. Paragenesis is
constituted by both, hypogene and supergene mineral
phases: auriferous pyrite, chalcopyrite, galene, sphalerite
and malachite, in a gangue of quartz and calcite. The mineralization has a tectonic control related to the regional
fracture systems (N-20-25º-W and N-50-60º-W trends) in
the “La Costa” batholith, and is closely linked to welldeveloped hydrothermal alteration zones.
Soils are clearly affected by the geomorphologic and
climatic conditions of the area, with shortage of water and
absence of vegetation cover. The physical weathering is
dominant and it is mainly due to strong changes of temperature. The desegregation products of rocks are mobilised by wind and transported and re-deposited depending
on their weight and size. Soil composition consists of a
mixture of blocks, pebbles, and gravels included in a sandy
matrix with small percentage of fine particles, with lenticular intercalations of slime sandy soils with gravel content
(typical soil composition is about 20% blocks of variable
size, 15% pebbles, 25% gravels, and 40% slimy sands).
Soils of a great part of the studied area are not appropriate
for agricultural activities, due to aridity, excepting some
zones close to the Acarí River, where small crops are developed. Considering the S.U.C.S soil classification system, the soils of the area can be grouped in the SW-SP
categories.
Hydrology

The Acarí River is the main surface watercourse in the
area. Its average flow ranges from 500 l·s-1 in dry months
to 20,000-40,000 l·s-1 in rainy periods. Water is used for
domestic and agricultural purposes. The Dynacor mining
company - which is currently exploiting gold deposits in the
area - uses groundwater for industrial operations, as the
water table in the studied area is about 10 m deep.

Mining and associated processes

Gold deposits located in this zone are not attractive
for major mining companies, due to their size. However,
they create enough interest for simple and low-cost artisanal
mining operations. In the artisanal exploitation of gold veins,
a selective mining system called “circado” is employed
[20]. This system consists of manual drilling, so the rock
adjacent to the vein is blasted leaving the vein in its place.
The vein is then carefully eased out onto a cloth spread on
the floor. A complementary operation to the artisanal mining of the gold deposits is the “pallaqueo” which is the
manual selection of the material from mine dumps. Processing of the ore is carried out in the so-called “quimbaletes”, that are a type of huge mortars made from two
large pieces of rock in which the mineral is milled, using
water, to a fine sand, which is then treated with mercury to
amalgamate the liberated gold [19, 20, 22]. Most quimbalete centers are therefore close to natural watercourses.
Leaching of the mineral using cyanide is not common, but
in some areas, miners sell their product directly (other
local artisanal markets and mining companies alike) without milling it in the quimbaletes, reducing then mercury
use and avoiding its toxic effects [22].
The amalgam, which is accumulated at the bottom of
the quimbalete has to be separated from the tailing. The
excess of mercury is recovered by filtering and reused,
and the amalgam is fumed to recover the free gold. The
main source of environmental threat occurs when fuming
the amalgam, allowing mercury to evaporate into the
atmosphere (amalgam	
   burning	
   is	
   often	
   done	
   in	
   the	
  
houses	
   of	
   the	
   miners	
   with	
   the	
   consequent	
   damage	
   to	
  
their	
  health). Once the amalgam is obtained, it is retorted
in primitive furnaces, where miners are exposed to vapours and potential contamination mainly through the
inhalation pathway. It is estimated that the process of
amalgam burning produces a release to the atmosphere of
20 tonnes of Hg vapour per year in Peru [6]. The tailings
from the quimbalete grinding processes still have a considerable gold content that cannot be recovered by the
artisanal methods. These tailings must be beneficiated in
plant by cyanidation, and, as Hg dissolves in cyanide at
much slower rates than gold, the final tailings, which are
carelessly discharged on land or in nearby streams, are
even richer in soluble Hg complexes. Leaching of tailings
is quite common in small, hand-fed artisanal plants, capable of processing between three and ten tonnes of tailings
each day. These plants use the carbon in pulp (CIP) method, and their final product is coal filled with gold, that
need additional processing in a desorption and refinery
plant [22].
A significant tailings dam in Huanca settlement comes
from the old gold exploitations of Metalex Company, and
it is now located within the installations of the current
treatment plant of Minera Dynacor mining company, in
the right margin of the Acarí River, which is the main source
of water for the area (Figure 1). This ore treatment plant
ensures a high gold recovery from ore and represents an-
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other important economical activity in the area associated
also to gold mining.
Therefore, the main operations associated to artisanal
mining with potential capacity to affect the environment
are: manual selection of the high-grade ore (“pallaqueo”),
grinding in the quimbalete, amalgamation of ore with mercury, collection of ore to be treated in the cyanidation plants
of the mining companies, and the amalgam burning in
conventional furnaces, at home.
Sampling and analysis

Before undertaking a systematic sampling in grid, the
first objective of an environmental geochemical survey in
artisanal mining sites is to identify hotspots, so a firstreconnaissance sampling campaign is generally considered appropriate for a preliminary stage. These hotspots
are characterized by relatively high concentrations of metallic mercury, indicating an extensive and inappropriate
use of Hg for gold extraction. In artisanal gold mining,
hotspots are usually associated to active and abandoned
sites where amalgamation of concentrates and Hg spills
take place during the mining and metallurgical cycle. This
was the case of the accident occurred on June 2000, when
metallic mercury recovered with cyanidation tailings in
Yanacocha gold mine was spilled closely to San Juan and
Magdalena towns, in the Peruvian Andes [7].
A preliminary critical sampling, specially designed for
the particular conditions of the area was carried out in soils,
materials from tailing ponds and surface and groundwater
near Huanca village [23].
Soils

Field sampling involves the collection of a series of
representative samples to define the nature and distribution of the contaminants in the site. In this case, a sampling
campaign was designed in order to characterize the various
components in the local impoundments as well as in the
surrounding environment. A critical soil sampling
campaign was carried out in Huanca settlement, taking 9
sur-face soil samples of 3 kg each, collected from a depth
of 10 cm. Sampling points were chosen considering the
location of main pollution sources (mineral processing in
quimbaletes with the corresponding use of mercury and
burning of amalgam, as well as leaching plants that often
process quimbalete tailings containing mercury). Several
historical incidences occurred in the area, such as mercury
spills during the commercialisation operations, mercury
dispersions associated to amalgam burning in conventional
furnaces, and other potential sources of Hg dispersion to
the environment, have been also taken in consideration.
Sampling point S1 was located in proximity to the
Huanca mine. Samples S3, S4 and S5 were taken in areas
where the manual crusher/grinder operations or quimbaletes
are currently working or were located in the past. Other
sampling points such as S2, S6, S7, S8 and S9 were situated randomly in different areas of the mining settlement.

All sampling points are located in the right margin of the
Acarí River and they are represented in Figure 1. Sampling
was carried out by hand and stainless-steel equipments were
used for material removal. As a way of testing both the
natural heterogeneity of the soil and the representativeness
of individual samples, field duplicates were taken in some
points of the sampling network.
In the agricultural land used by the community of
Huanca for potato, corn and apple production, a limited
random soil sampling campaign was also undertaken. It
was constituted by 4 surface samples (AS1 to AS4), taken
in the main agricultural area, in the right margin of the
Acarí River, at 300-500 m of the nucleus of Huanca settlement. AS1, AS2 and AS3 were collected on potatoes
crops, whereas AS4 corresponds to an area of apple trees.
All samples were collected at a depth of 10 cm with manual tools and their location is represented in Figure 1.
Given that one of the most important factors controlling the mobility and the concentration of chemical elements in soils is pH, as it affects all adsorption mechanisms
and the speciation of metals in the soil solution, measurements of soil pH were made in situ, by means of a specially
adapted portable soil pH-meter HANNA HI-9025.
Soil samples were oven-dried in laboratory for 72 h at
35ºC, to minimise loss of mercury due to volatility. After
drying, stones and other large particles of samples were
removed, and soil components were desegregated in an agate
mortar in the laboratory. Samples were ground to a particle
size below 147 µm and then homogenised and quartered by
means of a riffle, -cleaned between samples using a jet of
compressed air-, to provide reduced sized representative
samples for analysis.
A portable NITON X-Ray Fluorescence analyser
equipped with three radioisotope sources (109Cd, 241Am
and 55Fe), was used for chemical characterisation of the soil
samples. This portable analyzer constitutes a powerful and
efficient resource, capable to provide analysis of up to
35 elements (depending of the applied radioisotope sources)
in soils and sediments, in seconds [24]. Little sample preparation is required; only non representative debris has to be
removed from the soil surface to be smooth, so that the
analyzer probe window makes good contact with the soil
surface, and samples should be homogeneous and free of
humidity to improve accuracy: the time of analysis is variable (user-defined), being the minimum detection limits around 10 mg·kg-1 for most elements. The method is
in agreement with EPA 6200 procedure.
Tailings

Representative samples of the materials stored in tailing ponds in the area were collected for chemical analysis.
In the old tailings pond corresponding to the abandoned
ore treatment plant of the Metalex Co., 200 m far from the
Acarí River, upstream Huanca settlement, two representative samples (T1 and T2) of 3 kg each were collected at a
depth of 60 cm. This tailing pond, with approximately
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2,000 m3 of wastes, was abandoned in 1995, when a new
mining company operating at the site (Minera Dynacor)
constructed another tailing pond for the new ore treatment
plant (Figure 1).
Additionally, three informal quimbalete tailing ponds
located in Huanca settlement and currently used by the
artisanal miners, were sampled. Figure 1 shows the localisation of these sampling points in the tailing ponds (samples AT1, AT2 and AT3). As a consequence of the semiarid climatic conditions of the area, leachates from tailing
ponds are usually not generated, but the mobilization of
Hg-rich fine particles by wind is usual.
Like soil samples, tailing samples were oven-dried in
laboratory for 72 h at 35ºC to minimise mercury loss.
Samples were desegregated in an agate mortar, ground to
a size finer than 147 µm and homogenised and quartered
before being analysed with the portable X-ray fluorescence analyser already described.
Surface and groundwater

Five water samples were collected in the Acarí River
to have representative values of the quality of surface water
upstream and downstream of the artisanal mining operations. These samples, located in Figure 1, are as follows:
W1 (800 m upstream of the Dynacor ore treatment plant);
W3 (1 km downstream of the Dynacor ore treatment plant
and 1 km upstream of Huanca mining village); W4 (500 m
downstream of Huanca mining village); W5 (upstream of
Otapara treatment plant, in Arequipa Department, 20 km
south of Huanca, out of limits of Figure 1); and W6 (downstream of Otapara treatment plant, out of limits of Figure 1).
Groundwater was also sampled in a well used by Dynacor
ore treatment plant (sample W2).
When collecting surface water samples, special precautions were used to conserve their chemical characteristics, following Acme handling and preservation procedures. Water samples were filtered (<0.45 µm), placed in
polythene bottles, where they were acidified in situ by
addition of two drops of high quality nitric acid to keep the
metals in solution, and maintained refrigerated until analysis. Samples were subjected to multielemental chemical

analyses by ICP-MS at ACME Analytical Laboratories Ltd.
in Vancouver (Canada), being assayed separately for Hg
determination. Quality control was achieved by routine
analyses of standards and field and analytical duplicates.

RESULTS AND DISCUSSION
Soils in the area affected by artisanal mining operations have pH values ranging from 6.67 to 8.01 (Table 2).
Chemical analyses of soils collected directly in the areas
where manual grinding (quimbaletes) takes or took place,
show mercury concentrations ranging from 15.3 mg·kg-1
to 44.2 mg·kg-1. Arsenic, probably linked to the gold ore,
reaches maximum concentrations (48.4 mg·kg-1) at the site
of an old quimbalete. Table 2 shows the total mercury and
arsenic concentrations found in surface soil samples of the
area of Huanca settlement and the agricultural land adjacent
to the Acarí River. Soils in Huanca village in proximity to
the old quimbaletes are strongly enriched in mercury, but
Hg concentrations in soils decrease as a function of distance
from the before mentioned sources, being quite reduced in
the agricultural soils. In general, high arsenic concentrations coincide with high concentrations of mercury, particularly near the quimbaletes.
Analyses of samples from the abandoned tailings
pond from a conventional ore treatment plant show Hg
contents between 58 and 104 mg·kg-1, and As contents
between 314 and 776 mg·kg-1. On the other hand, Hg concentration in samples collected in the active tailing ponds
from artisanal mining ranges from 139 to 189 mg·kg-1 (average content: 171.3 mg·kg-1 Hg), so the tailings from artisanal mining contain more Hg than those from a treatment
plant. This helps to valuate the exposure of people working
(and living) in Huanca settlement and other artisanal mining
sites, compared to areas where conventional mining is accomplished.

TABLE 2 - Analytical data of soils and tailings samples collected in the area of Huanca settlement.

Soils in Huanca village

Agricultural soils

Sample

pH

S1
S2
S3
S4
S5
S6
S7
S8
S9
AS1
AS2
AS3
AS4

7.03
7.10
6.74
6.67
8.01
7.70
7.90
6.81
6.99
7.23
7.41
6.93
7.08
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Hg
(mg·kg-1)
24
<1
44.2
28.9
15.3
<1
<1
<1
<1
2
<1
1
<1

As
(mg·kg-1)
33.4
<1
48.4
45.2
<1
<1
<1
<1
19.1
15
19
19
23
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6.93
58
776
Tailings from old treatment T1
plant
T2
3.26
104
314
AT1
6.83
139
51
Tailings from artisanal mining AT2
6.97
189
134
AT3
7.28
186
67
TABLE 3 - Selected results of analysis of filtered water samples (location in Fig. 1). All samples
taken in surface water (Acarí River) excepting W2 (groundwater from a well used by Dynacor Mining Co.).
Sample
W1
W2
W3
W4
W5
W6

As
(µg·l-1)
16.5
17.1
7.1
16.2
21.4
6.9

Au
(µg·l-1)
0.63
0.42
0.37
0.26
0.23
0.15

Ca
(mg·l-1)
86.27
96.66
122.19
119.11
113.05
122.10

Cl
(mg·l-1)
85
72
88
95
106
143

Hg
(µg·l-1)
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

K
(mg·l-1)
6.93
6.13
6.39
6.78
6.47
8.02

Mg
(mg·l-1)
16.48
14.08
16.14
18.39
18.35
21.16

Na
(mg·l-1)
96.66
70.93
92.84
93.09
110.94
144.81

TABLE 4 - Water quality parameters determined in samples of the Acarí
River, upstream and downstream of the Huanca artisanal mining operations.
Sample
Electrical Conductivity (mS·cm-1)
pH
TSS (mg·l-1)
Sulphates (mg·l-1)
Nitrates (mg·l-1)
Total Cu (mg·l-1)
Total Fe (mg·l-1)
Total Cyanide (mg·l-1)

W3
(upstream mining operations)
1.04
6.8
12
403.2
0.73
<0.01
0.02
<0.01

CONCLUSIONS

A summary of the results of water samples analysis is
shown in Table 3.
Although arsenic concentration is doubled in Acarí
River downstream Huanca mining area (samples W3-W4),
these results do not represent important changes in water
quality as a result of the mining and processing operations.
Hg is in all these cases under the limit of analytical detection, due to its low solubility (metallic mercury is soluble in
water at about 5.6·10−5 g·l−1 at 25°C, whereas the solubility
of arsenic compounds is about tens of grams per litre). In all
cases, Hg contents in surface waters of Acarí River are
below the limits pointed by the Peruvian legislation (Water
General Law Nº17752), which are established in 2, 10, 0.1
and 0.2 µg·l-1, depending of the type of future use of water. The same consideration can be established for As, as
the Peruvian standard for As content in drinking water is
50 µg·l-1. Additionally, samples W1, W2, W4 and W5 are
above EPA drinking water standards (10 µg·l-1).
No significant differences in other water quality parameters in the samples taken in the Acarí River, upstream
and downstream of the mine sites (Table 4) were found,
probably due to dilution effects. Particularly significant are
the low contents of total cyanide, always below the detection limit. However, a denser sampling design, including
several campaigns along a hydrological year, should be
undertaken in the future.

W4
(downstream mining operations)
1.04
7.2
8
361.1
0.18
<0.01
0.04
<0.01

Mercury pollution is the main environmental problem
associated to artisanal mining. The indiscriminate and inefficient use and handling of this substance for gold amalgamation have been the cause of large quantities being lost
and introduced into the environment in liquid and gaseous
forms.
Anthropogenic geochemical anomalies are mainly derived from two sources: i) manual operations related to the
crushing/grinding and amalgamation processes, which distribute metallic mercury in soils and mercury vapour in the
atmosphere; ii) mechanical dispersion of ore particles, related to mining operations. Studies accomplished in the
Huanca district reveal high mercury concentrations in soils
and tailings, reaching up to 44.2 mg·kg-1 and 189 mg·kg-1
respectively. Water quality of the Acarí River, which flows
through the area, does not present important chemical
changes as consequence of the mining and processing operations, excepting an increment of its content of arsenic,
linked to the gold ore. Hg contents in water are always below
detection limits due to its low solubility.
Artisanal mining use excavation and extraction techniques that are harmful to miners health and to the environment. In beneficiation work, the main danger is the contact
and inhalation of mercury. Health risk not only affects the
artisanal miners or the quimbalete operators, but there are
other external effects, as the amalgam is commonly burnt
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in furnaces at home, affecting other members of the family as well. Subsequently, alerting people about the threat
that the use of mercury for gold extraction might pose for
themselves, is a first step to avoid risks. The introduction
of alternative forms of gold extraction that do not involve
mercury, must be the best option and the priority to protect the environment and people living in the mining settlements. Implication of local institutions in monitoring
campaigns to evaluate how the Hg levels in the environmental and biological cycles change over time is an important step of extensive application to the totality of communities where artisanal gold mining activities are being
developed.
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ABSTRACT
In this work, the photodegradation of 4-octylphenol
(4-OP) in water containing algae (Chlorella vulgaris) was
investigated. The results showed that algae could greatly
enhanced the photodegradation of 4-OP. The maximal degradation efficiency of 4-OP was achieved to 79% in the
suspension containing 6.0 × 109 cells L-1 algae after 4 h
irradiation. The supernatant of broken algae treated with
ultrasonic could also enhanced the photodegradation of 4OP. The supernatant of broken algae could produce superoxide anion radicals under irradiation. The effects of algae
concentration, humic acid, Fe(III), initial concentration of
4-OP, initial pH value were also investigated.

KEYWORDS: 4-octylphenol, algae, photodegradation, superoxide anion radicals, humic acid, iron(III).

INTRODUCTION
In recent years, the research of endocrine disrupters
(EDCs) in the environment has received increasing attention [1-3]. 4-octylphenol (4-OP) has been received more
attention due to its widespread occurrence in aquatic environment as a result of the discharge of its parent compounds, alkylphenol polyethoxylates (APEOs). 4-octylphenol has been shown to be the most estrogenic among the
breakdown products of alkylphenol polyethoxylates [4,
5] and is up to 5 times more estrogenic than nonylphenol
(NP) [6].
Alkylphenol polyethoxylates are important commercial
surfactants that have been used for many years in household appliance, agricultural and industrial applications.
APEOs consist mainly of nonylphenol ethoxylates (80%)
and octylphenol ethoxylates (15-20%), which are transformed in sewage treatment works to short chain homologues, alkylphenol carboxylic acids, and alkylphenols (APs)
[7-9]. Approximately 500 thousand tons of APEOs are produced annually worldwide [8]. As a result, the concentration of 4-octylphenol in some places is so high that can

cause estrogenic effects. The concentration of 4-OP in
rivers in Switzerland had been found to reach to tens of µg
L-1 [10]. Low levels were reported in drinking water in the
USA, with a total concentration of alkylphenols of almost
1 µg L-1 and a concentration of octylphenol diethoxylate
(OP2EO) of 32 ng L-1 [11]. So these compounds could be
a threat to the aquatic ecosystems and human health.
Some researchers have studied the degradation of 4OP and APs. Brand et al. [12] studied the primary mechanism of the 4-OP degradation photoinduced by Fe(III) in
water-acetonitrile solution. The results showed that the 4OP degradation mainly involved two pathways: (i) formation of acetonitrile derived radical and acetonitrile
peroxyl radical (in the presence of oxygen) via the formation of hydroxyl radical and (ii) an interaction with
Fe(III) in the excited state. It was identified about seven
products of 4-octylphenol photodegradation. Three products of them were 4-(1,1,3,3-tetramethylbutyl)pyrocatechol,
Benzoquinone and 4-hydroxyacetophenone respectively.
The other four products came from the oxidation on different sites of 4-OP alkyl chain. Yim et al. [13] investigated the sonolysis of alkylphenols in aqueous solution
with Fe(II) and Fe(III). Ning et al. [14] investigated the
degradation of octylphenol and nonylphenol by ozone.
The corresponding kinetic rate constants for OP and NP
degradation by molecular ozone were 4.33 (±0.18) × 104
and 3.90 (±0.10) ×104 M-1 s-1. Photodegradation (solar
simulator irradiation) of APs was performed by Kohtani et
al. [15]. In this study, BiVO4 was presented as photocatalyst and the degradation rates of APs were increasing with
alkyl chain length increasing. However, the degradation of
octylphenol (OP) in aqueous medium containing the common components of natural water has not been fully investigated so far.
In natural aqueous environment, algal photocatalysis is
a possible pathway for the destruction of pollutants. Zepp
and Schlotzhauer [16] studied the influence of algae on
photolysis rates of chemicals in water and the results suggested that algae could accelerate the sunlight-induced transformation of nonionic organic chemicals. Zepp et al. [17]
investigated the rate of decomposition and photoproduction of hydrogen peroxide (H2O2) by algae in water. Their
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results suggested that algae had an important influence on
the environmental concentration of H2O2. Semple et al. [18]
reviewed the biodegradation of aromatic compounds by
microalgae. Liu et al. [19] indicated the 17 alpha-ethynylestradiol’s photodegradation induced by algae. Ge et al. [20]
studied that algae induced 17 beta-estradiol’s photodegradation. Humic acid and Fe(III) were ubiquitous in aqueous
environment, which will be transformed through photochemical processes under sunlight. The photochemical processes play an important role on the degradation and
transformation of organic pollutants in natural water.
Deng et al. [21] investigated iron-catalyzed photochemical oxidation of benzoic acid. Their results suggested that
benzoic acid can be degraded in the presence of Fe(III) at
pH 3.20 on sunny days and the degradation rate increased
with in-creasing concentration of Fe(III). Zuo et al. [22]
showed that the natural dissolved organic matter, for example humic substance, in lake and wetland waters had
photochemical transformation, which had an important
effect to the formation of carbon monoxide.
In this study, we investigated the degradation of 4-OP
in water containing algae, humic acid and Fe(III). The interaction of 4-OP with the common components of natural
water such as algae, humic acid and Fe(III) might be a potential degradation route to eliminate 4-OP from water.
MATERIALS AND METHODS
Reagents

4-octylphenol (CAS NO.1806-26-4, 99%) and Humic acid (HA) were purchased from Aldrich Chemical
Company, Inc. Acetonitrile was HPLC grade (Lingfeng
Chemical Reagent Co., Shanghai, PR China). HCl,
NaOH,
FeCl 3 ·6H 2 O,
Ca
(H 2 PO 4 )
2 ·2H 2 O,
CaSO 4 ·H 2 O, CuSO4·5H2O, H3BO3, KCl, MgSO4·7H2O,
MnCl2·4H2O,
Na 2 CO 3 ,
NaHCO 3 ,
(NH 4 ) 6 Mo 7 O 24 ·6H 2 O,
(NH 4 ) 2 SO 4 ,
ZnSO4·7H2O,
HONH3Cl, C6H4(NH2)(SO3H), C10H9N were analytical
grade. HCl and NaOH were used to adjust the pH values
of solutions. The Fe(III) solutions for the studies were
prepared by diluting stock solution [1.0 × 10−3 mol L−1
in FeCl3·6H2O] to the appropriate Fe(III) concentration
and the pH value of the stock solution was adjusted to pH
2.0 by hydrochloric acid. The deionized water was used
in the experiments.
Preparation of algae

The algae Chlorella vulgaris (CV) used in the experiments were obtained from Wuhan Hydrobiology Institute of
Chinese Academy of Sciences (Wuhan, P.R. China). The
algae were grown in axenic culture medium at 25 ºC, using
12:12 hours light dark cycle (in a culturing box equipped
with daylight lamps; light intensity, 2 000 Lux). The culture medium consisted of (NH4)2SO4, [Ca(H2PO4)2·2H2O
+ CaSO4·H2O], MgSO4·7H2O, NaHCO3, KCl, FeCl3
(1%),
H3BO3,
MnCl2·4H2O,
ZnSO4·7H2O,

(NH4)6Mo7O24·6H2O, CuSO4·5H2O and soil extract (the
raw soil 0.5 kg mixed with 1000 ml double-distilled water
was put into an beaker and heated two hours in boiling
water, then we filtrated it in axenic condition after cooling
and used the filtrate as soil extract). The medium was
adjusted to pH 7.0-7.2 by using 0.1mol L-1 Na2CO3.
When the algae were growing in a logarithmic growth
phase (normally 15-20 days), the algae were taken for use
in experiments after being washed with deionized water
for 3-4 times, and different concentrations of algae were
gained through diluting with deionized water. The cell
counting was carried out with microscope and haemocytometer, and the density of algae (cells L-1) was calculated.
Photodegradation experiment

The irradiation experiments were performed under metal
halide lamp (λ ≥ 365 nm, 250 W, Chenguang Illumination
Instrument, Jinzhou, China) placed in cooling trap with
water circulation for maintaining constant temperature of
18 ± 2 ºC in spring. The reactors were glass tubes (each
tube 8 cm length, 2 cm diameter, 1 mm wall thickness). They
were put into a box that was equipped with a lamp. The
light and the tubes were kept parallel with a fixed distance
of 7 cm. The tubes were rotated at 50 rpm so that irradiation influx was equably distributed across the tubes. The
wavelength of metal halide lamp mainly concentrates at
368 nm and 380 nm. The light intensities at the tubes’ position were 150 000 Lux, which were detected by a Digit Lux
meter (TES 1332, China).
Sample solutions contained 4-OP and algae (with
HA, Fe3+ or not) were prepared with deionized water, the
pH values of reactant solutions were adjusted with HCl
and NaOH and transferred into glass tubes that then been
placed in the box that equipped with a lamp. At different
time intervals during the irradiation, samples with 4-OP
and algae (with HA, Fe3+ or not) were collected. All samples were centrifuged at 3 100 rpm for 22 minutes in a
LD5A-2A centrifuge (Beijing, PR China). Then the 4-OP
concentration of supernatant was analyzed by high performance liquid chromatography (HPLC). Dark controls
were carried out in parallel.
Method of detected superoxide anion radicals

Some possible superoxide anion radicals produced from
the supernatant of broken algae irradiation was detected
by the method of Elstner et al. [23] and Wang et al. [24].
Algae (CV, 16 × 1010 cells·L-1) was broke with ultrasonic,
and then was centrifuged at 2 100 rpm for 20 minutes in a
LD5A-2A centrifuge to get the supernatant of broken CV.
The superoxide anion radicals resulted from irradiating
the supernatant of broken CV reacted with 0.5 mL hydroxylamine hydrochloride (HONH3Cl, 10 mmol·L-1) to
obtain nitrite ions (NO2-). NO2- reacted with ingrain
agents {1 mL sulfanilic acid (C6 H4 (NH2) (SO3H), 17
mmol·L-1) and 1 mL 1-Naphthylamine (C10H9N, 7
mmol·L-1)} for 20 minutes, and then we measured the
complex absorbance (Abs) at 530 nm with spectropho-
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tometer (UV-1601, Shimadzu, Japan). Used nitrite
(NaNO2) as the standard matter, the production quantity of
nitrite ions after irradiating the supernatant of broken CV
and hydroxylamine hydrochloride was calculated, and
then the quantity of superoxide anion radicals was obtained according followed reaction equations:
NH2OH + 2O2-. + H+

C6H4

SO2OH

NO2- + H2O2 + H2O
+

HNO2

C6H4

SO2OH

+ C10H7NH2

N2(CH3COO)

+ 2H2O

N2(CH3COO)

NH2·CH3COOH

C6H4

SO2OH

CH3COOH + C6H4

SO2OH

in Figure 1. This phenomenon was because the light intensity through the solution was weakened by algae when the
concentration of algae was high. From the contrast experiment, we found that 4-OP can not be degraded by direct
photolysis and the concentration of 4-OP did not distinctly
change in dark in the presence of algae. We thought that
there were some active materials produced from algae irradiation, which induced the photodegradation of 4-OP. Zepp
et al. [17] suggested that algae had an important influence
on the environmental concentration of H2O2. Liu et al.
showed that the solution of algae could produce hydroxyl
radicals after irradiation [25].

N2C10H6·NH2

1.0

Analysis and Error

0.8

Spectroscopy methods
0.6

C/C0

The UV-visible spectra of the solutions were recorded
on a Shimadzu model UV-1601(Shimadzu, Japan). The
characteristic absorbance peaks of 4-OP solution were at
224 and 280 nm, respectively.
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FIGURE 1 - Effect of algae concentration on
the photodegradation of 4-OP in water containing
Chlorella vulgaris where [4-OP]0 = 4 mg L-1, pH = 6.5 ± 0.1.

Fig.2 showed the HPLC chromatograms of 4-OP after
irradiation in aqueous solution containing algae. The peak
area of 4-OP decreased after 4 hours irradiations and some
possible products with higher polarity formed at shorter
retention time.
8

6

4

mv

Algae could adsorb 4-OP and the adsorption got to
equilibrium quickly. Avoiding the algae adsorption’s effect
to analysis, all collected samples were centrifuged at the
same time (4 hours after the mixing of algae and 4-OP).
4-OP in aqueous solution was detected by high performance liquid chromatography [Shimadzu LC-10ATVP
pump, Akzonobel KR100- 3.5 C18 column (150 × 4.6 mm,
5 µm)] with a flow rate of 1.0 ml min-1 and UV detector
(Waters 481 detector) at 280 nm. The mobile phase was
acetonitrile/ water mixture (85/15, v/v). The injection volume was 20 µl. The retention time of 4-OP was about 6
minutes. The peak area of 4-OP was linear function of the
concentration and the calibration equation of 4-OP was as
follows:
Peak area = 10538 +15861COP, r = 0.9999.
In this analysis condition, no 4-OP was detected in the
deionized water. The data presented were as means from
triplicate experiments. The errors are below 5%.
RESULTS AND DISCUSSIONS

2

4h

0

0h

Effect of Chlorella vulgaris on the photodegradation of 4-OP

Figure 1 showed that the photodegradation of 4-OP in
the presence of Chlorella vulgaris (CV) under metal halide lamp. After irradiation, the photodegradation of 4-OP
was enhanced greatly by algae. The degradation efficiency
of 4-OP was changing with algae concentration increasing
ranged from 1.0 × 109 to 9.0 × 109 cells L-1. The maximal
degradation efficiency of 4-OP was 79% after 4 hours irradiation when the algae concentration was 6.0 × 109 cells L-1.
When the concentration of CV reached to 9.0 × 109 cells L-1,
the degradation efficiency of 4-OP was decreased as shown
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FIGURE 2 - HPLC chromatograms of
4-OP in water containing algae where [4-OP]0=
4 mg L-1, [CV]0 = 2 × 109 cells L-1，pH = 6.5 ± 0.1
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Effect of the supernatant of broken
CV on the photodegradation of 4-OP

To investigate more about 4-OP photodegradation
mechanism by algae and avoid the algae adsorption’s effect to the photodegradation progress, we pretreated raw
algae’s solution 20 minutes by ultrasonic (produced by
ultrasonic cleaning instrument, 100 W, Kunshan Ultrasonic
Instruments Co. Ltd, PR China). In this condition, a number cells of algae were broken, then we centrifuged the
broken algae at 2 100 rpm for 20 minutes in the centrifuge
to obtain the supernatant. The supernatant mixed with 4-OP
was used as the reaction solution. The results were shown
in Figure 3. It was found that the supernatant of broken
algae enhanced the photodegradation of 4-OP. The degradation efficiency of 4-OP was 25% with the supernatant of
broken 5 × 109 cells L-1 algae while the degradation efficiency of 4-OP was 48% with the supernatant of broken
10 × 109 cells L-1 algae after 4 hours irradiation. We speculated that there were chloroplast, mitochondrias and microsomes in the supernatant of broken algae that could produce active oxygen species after irradiation, such as superoxide anion radicals, hydroxyl radicals and singlet oxygen
species (1O2). Jimenez and Pick [26] showed that the organelles, such as chloroplast and mitochondria, might form
oxygen species (1O2) under light. Rontani [27] also suggested that the triplet state chlorophyll molecule might generate toxic oxygen species (1O2 and O2·−) by reaction with
ground state oxygen.
For example: Chl + hυ—→Chl1—→Chl3
Chl3+ O2—→1O2 + Chl
Chl3+ O2—→O2·− + Chl·+

as the standard matter, the production quantity of nitrite
ions after irradiating the supernatant of broken CV (16 ×
1010 cells L-1) was calculated to be 1µmol L-1. So the production quantity of superoxide anion radicals was 2 µmol L-1
according the reaction equations. The absorption coefficient
of the complex absorbing at 530 nm was 5.9 × 104 L mol-1
cm-1.
Effect of 4-OP initial concentration
on the photodegradation of 4-OP

Figure 4 showed that the photodegradation efficiency
of 4-OP in aqueous solutions with initial concentration of
4-OP ranged from 2 to 10 mg L-1 under the condition of
pH 6.5 and 2.0 × 109 cells L-1 Chlorella vulgaris. It showed
that the photodegradation efficiency of 4-OP decreased with
the initial concentration of 4-OP increasing. We believed
that the quantity of active oxygen species induced by algae
is limited at a certain period in such a small system, so the
quantity of 4-OP photodegradation is limited when it initial
concentration increasing. The reaction would be continued
if it happened in the natural lake rich of algae.
0.7

Photodegradation efficiency (%)
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FIGURE 4 - Effect of 4-OP initial concentration on the photodegradation of 4-OP in water containing algae where [CV]0 = 2 × 10 9 cells L-1,
pH = 6.5 ± 0.1.

0.6

C/C0

6

0.5
0.4
9

-1

supernatant fluid of broken CV( 5 × 10 cells L )
9
-1
supernatant fluid of broken CV( 8 × 10 cells L )
9
-1
supernatant fluid of broken CV( 10 × 10 cells L )

0.3
0.2
0.1

concentrtion of humic acid
-1
0 mg L
-1
0.5 mg L
-1
2 mg L
-1
4 mg L
-1
6 mg L

1.0
0.9
0.8

0.0

0.7

0

1

2

3

4

C/C0

time (hours)
FIGURE 3 - Effect of the supernatant fluid of broken CV on the
photodegradation of 4-OP in water where [4-OP]0 = 4 mg L-1, pH =
6.5 ± 0.1.
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For investigating some possible active materials produced from broken algae irradiation, we determined the
photoproduction of superoxide anion radicals after irradiating the supernatant of broken CV. It was proved that the
supernatant of broken algae could produce superoxide
anion radicals after strong irradiation. Used nitrite (NaNO2)
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FIGURE 5 - Effect of humic acid on the photodegradation of 4-OP
in water containing algae where [4-OP]0 = 4 mg L-1 , [CV]0 = 3 × 10 9
cells L-1, pH = 6.5 ± 0.1.
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Effect of humic acid on the photodegradation
of 4-OP in water containing algae and humic acid

Figure 5 showed the photodegradation of 4-OP in
aqueous solution with the concentration of humic acid
ranged from 0 to 6 mg L-1 in the presence of C. vulgaris at
pH 6.5. Humic acid could enhance the photodegradation
of 4-OP in water containing algae, but the enhancement
effect was not obvious when the concentration of HA ranged
from 2 to 6 mg L-1. This phenomenon verified that humic
acid was photosensitizers [28] that lead to 4-OP’s indirect
photo-oxidative reactions at lower concentration, at the same
time humic substance might scavenge hydroxyl radicals at
higher concentrations [29].
Effect of Fe(III) on the photodegradation of 4-OP
in water containing algae, humic acid and Fe(III)

vulgaris, humic acid and Fe(III). The decrease of pH values
caused the increase of photooxidation efficiency of 4-OP.
When pH value was 3.5, the 4-OP was almost completely
degraded. This phenomenon was because the effect of
Fe(III) was obvious at pH 3.5. Fe(III) effect is maximal
because [Fe(OH)]aq2+ complex is the main form at this
time and Fe(OH)2+ complexes produced hydroxyl radical
during the photolysis of at low pHs [12]. Our contrast experiments indicated that the photodegradation of 4-OP in
water containing humic acid and Fe(III) was lower than the
photodegradation of 4-OP in water containing algae, humic
acid and Fe(III) at pH 3.5. So the effect of algae should not
be omitted. The effect of Fe(III) on the 4-OP photodegradation is, partially, originated from the complexes of Fe(III)
with algae, or form hydroxyl radicals after transition of the
superoxide anions radical in the presence of algae, humic
acid and ferric ions at pH 3.5.

Figure 6 showed the effect of Fe(III) on the photodegradation of 4-OP in water containing algae, humic
acid and Fe(III). Compared with the photodegradation
efficiency of 4-OP induced by algae and humic acid in the
presence or absence of Fe(III), it showed that the photodegradation of 4-OP in the presence of Fe(III) could be
enhanced after irradiation at pH 6.5. Because Fe(III) had
extremely low solubility at pH 6.5, we believed that the
effect of Fe(III) on the 4-OP photodegradation originated
from the complexes of Fe(III) with algae or humic acids
at pH of 6.5, or form hydroxyl radicals after transition of
the superoxide anions radical in the presence of algae,
ferric ions [30] and humic acid [31].
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0.0
0

For example: O2 + H+→HO2 ·

Fe2+ + H2O2 → Fe3+ + ·OH + OHin water only containing algae
in water containing algae and HA
in water containing algae, HA and Fe (III)

C/C0

4

For the catalyzed effect of algae, humic acid and Fe(III)
in the photochemical transformation of 4-OP, experiments
were performed to study UV-visible spectrum of algae,
humic acid and Fe(III) aqueous solutions. Algae, humic
acid and Fe(III) were separately studied in this work. The
UV-vis absorbance of algae was from 200 nm to 500 nm
as shown in Figure 8. Results showed that there were not
characteristic absorbance peaks in the UV spectra of algae.
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FIGURE 7 - Effect of pH value on the photodegradation of 4-OP in
water containing C. vulgaris, humic acid and Fe3+ where [4-OP]0 = 4
mg L-1 , [CV]0 = 3 × 10 9 cells L-1, [humic acid]0 = 2 mg L-1, [Fe(III)]0
= 20 µmol L-1.
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FIGURE 6 - The photodegradation of 4-OP in control experiment
where [4-OP]0 = 4 mg L-1 , [CV]0 = 3 × 10 9 cells L-1, [HA]0 = 2 mg L-1,
[Fe(III)]0 = 20 µmol L-1, pH = 6.5 ± 0.1.
Effect of pH value on the photodegradation of 4-OP
in water containing algae, humic acid and Fe(III)

Figure 7 showed that the effect of pH value on the
photodegradation efficiency of 4-OP in water containing C.
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with algae or humic acids at pH 6.5. The effect of Fe(III)
was obvious and great at pH 3.5. 4-OP was almost completely degraded in water containing algae, humic acid and
Fe(III) at pH 3.5.
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FIGURE 8 - UV-Visible absorption spectra of algae aqueous solutions.

The UV-visible spectra of Fe(III), humic acid and
Fe(III)/ humic acid mixture at pH 3.5 were presented in
Figure 9. Fe(III) concentration was 0.2 mmol L-1 and humic
acid concentration was 20 mg L-1. The absorbance of Fe(III)
(or humic acid) was higher from 200 to 350 nm and lower
from 350 to 800 nm. The absorbance of Fe(III)/humic acid
mixture was higher from 200 to 400 nm. The absorbance of
Fe(III)/humic acid mixture was lower than the summation
of the absorbance of Fe(III) and the absorbance of humic
acid from 200 to 338 nm, at the same time the absorbance
of Fe(III)/humic acid mixture was higher than the summation of the absorbance of Fe(III) and the absorbance of
humic acid from 338 to 600 nm. This results indicated that
Fe(III) was complexed by humic acid in the solution.
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ABSTRACT
In this study, eukaryotic microorganisms, filamentous
microorganisms and the floc composition of activated sludge
were examined microscopically in samples gathered weekly
during a six months period from the activated sludge process of “Adasu Wastewater Treatment Plant” where domestic and industrial wastewater of the city of Adapazari
is treated. Arcella spp. is the most observed eukaryotic
microorganism during the six months period. No bulking
and bulging was observed in the activated sludge system
of the wastewater treatment plant. Filamentous microorganisms, messenger of bulking and bulging, were identified. These are N. limicola and Type 0803 etc. species.
For this reason, the growth of future filamentous microorganism species has to be watched.

KEYWORDS: Adasu Wastewater Treatment Plant, activated
sludge, filamentous microorganisms, bulking and foaming

activated sludge bulking unless the specific causative filamentous microorganisms can be identified. Many filamentous bacteria that cause sludge bulking have been classified [4, 5], although newly isolated ones are occasionally
reported.
Despite the significant research effort devoted to filamentous microorganisms associated with settling problems
of activated sludge, decisive solutions for bulking and foaming are yet to be found. Proposed recipes, methods, and
procedures have been occasionally successful but limited to
specific wastewaters and treatment system applied. Among
30-40 filamentous microorganisms cited in the literature,
mostly Gordona (Nocardia) spp., Microthrix parvicella,
Nostocoida limicola and Eikelboom species such as Type
021N and Type 0041 have been reported as the causative
agents of bulking and foaming [6-9].
The main objective of the present work is about the
survey of the filamentous bacteria and aggregates contents
and morphology, in the biomass present in an activated
sludge treatment plant, during a period of six months.

INTRODUCTION

MATERIALS AND METHODS

Bulking and foaming is perhaps the most serious
chronic problem encountered in the operation of activated sludge systems [1-3]. Bulking is always associated
with excessive growth and dominance of filamentous biomass stays largely in suspension causing significant escape of particulate solids from the settling tank. Moreover,
filamentous growth when supported by the presence of
surface active agents, synthetic or microbial, often leads to
bacterial foaming. These problems, when started, are often
chronic in nature and tend to occur periodically. Remedial
actions against bulking and foaming are mostly defined
on a trial-and-error basis site-specific applications [1].
Many researchers have studied filamentous bulking
control over the years. From review of the literature, it seems
that certain specific filamentous bacteria cause most sludge
bulking episodes. Since actions that will control one species may not affect others, one is likely to fail to control

Adasu Wastewater Treatment Plant

Adasu Wastewater Treatment Plant was designed to
treat all wastewater coming from settlement areas and industrial facilities of the city of Adapazari. The treatment
plant consists of physical treatment, biological treatment,
and sludge dewatering units. Long-term aerated activated
sludge system is utilized in biological treatment. The plant
is capable of treating 198.800 m3/h of wastewater per day
in dry weather conditions and 271.941 m3/h of wastewater
per day on rainy days.
Sampling and Microscopic Examinations

The activated sludge analyzed in this work was taken
from a wastewater treatment plant treating domestic effluents in Adapazari municipality four times a month for a
period of six months. The original and stained samples were
observed under microscope and microphotos of the acti-
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vated sludge were taken using a video camera system to
characterize the microbiological structure of the system.
The wet mounts of original samples were immediately examined under phase contrast microscopy and bright field
microscopy. The stained slide samples were examined under phase contrast microscopy. Prepared smear slides were
stained by using Gram, Neisser, and Sulfide staining methods. The viable original samples and stained smear slides
were examined by using 10X, 40X, 100X magnifications
of bright field microscope. The dimensions of the flocs and
the microorganisms were measured on taken microphotos
by a software program. The microscopic analyses were performed using an Olympus Model BX50 bright field research microscope with a phase contrast and an Ikegami
camera attachment and Spot analysis computer program.

It is observed that the average SVI value in February reached
the highest value.
S emiannual	
  A c tivated	
  S ludg e	
  A verag e	
  S VI	
  V alues

130
120
110
100
90
80
70
60
50

RESULTS AND DISCUSSION

J anuary F ebruary
109

S VI	
   variations

Adasu Wastewater Treatment Plant

Inlet water has effects on the constant variability of
pollution parameters on a fluctuating basis and on the biological life of the plant. The presence of long-term aerated
activated sludge process renders the plant advantageous.
Excessive grease is let in through inlet water and this grease
causes damage to mechanical equipment and facilities. At
the same time, a certain amount of unstable grease enters
the aeration pool through the grease trap and forms a layer
on the surface. These block the connection between the
atmosphere and the aeration pool and as a result of this, the
biological life is affected negatively. Six months average
sludge volume index (SVI) values are shown in Figure 1.
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FIGURE 1
Average sludge volume index (SVI) values of six months
Microbial Ecology of Activated Sludge System

A comprehensive survey of the microbial ecology of
the activated sludge system treating Adapazari City
wastewater constituted the core of the study. In this framework, significant microbial groups of microorganisms
within activated sludge were examined and identified
including protozoa, rotifers, nematodes, and specific filamentous bacteria, mainly emphasizing their relevance for
the floc structure of the activated sludge. Microorganisms
observed according to weeks within the six months period
are presented in Table 1.

TABLE 1 - Microorganisms observed during a period of six months.
Eukaryotic
Microorganisms
Tardigrade spp.
Arcella spp.
Parenema spp.
Amoeba spp.
Lecane spp.
Aspidisca spp.
Nematoda spp.
Paramecium spp.
Trachelophyllum spp.
Chidonella spp.
Epistylis spp.
Euglena spp.
Filamentous
Microorganisms
Flexibacter spp.
Type 021 N
N. limicola III
Thiothrix spp.
M. parvicella
N. limicola II
Actinomycet spp.
Type 0092
Type 0914
S. natans
Beggiotoa spp.
N. limicola I
Type 1851
Type 0803
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Eukaryotic Microorganisms

The most frequently observed microorganism among
eukaryotic microorganisms within the 6 month period was
Arcella spp. (Figure 2). The first species of microorganism
encountered in the beginning of the research was Tardigrade spp. However, they did not last permanently. This is
thought to result from the changes in the environmental
conditions. Apart from this, Amoeba spp. population was
observed for a while, nevertheless they ceased to exist in
the medium after some time. Parenema spp., Lecane spp.,
Paramecium spp., Trachelophyllum spp. and Nematoda spp.
also appeared for a while in certain months, but vanished
as well. In the last months, Chidonella spp. (Figure 3), Epistylis spp. (Figure 4), and Aspidisca spp. (Figure 6) were
seen. The sludge load of the treatment plant in these months
was suitable for microorganisms. Euglena spp (Figure 5)
was observed depending on seasonal changes.

FIGURE 5 - 22.06.2007, Euglena spp.
(Gram staining, phase contrast microscopy, 10X)

FIGURE 6 - 11.04.2007, Aspidisca spp.
(Neisser staining, phase contrast microscopy, 10X)
Filamentous Bacteria

FIGURE 2 - 30.04.2007, Arcella spp.
(Gram staining, phase contrast microscopy, 10X)

It was possible to identify filamentous bacteria after
dyeing procedures and sulfide test had been completed. The
first type of the filamentous bacteria was Flexibacter and
appeared in February and March. Flexibacter spp is known
for its typical capillary shape. In Figure 7, it is observed in
this shape that does not branch out and bulges from flocs.

FIGURE 3 - 03.05.2007, Chilodonella spp.
(Gram staining, phase contrast microscopy, 40X)

FIGURE 7 - 28.02.2007, Flexibacter spp.
(Gram staining, phase contrast microscopy, 10X)

FIGURE 4 - 03.05.2007, Epistylis spp.
(Neisser staining, phase contrast microscopy, 100X)

FIGURE 8 - 05.04.2007, Type 021 N,
(Gram staining, phase contrast microscopy, 100X)
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Type 021 N was observed until the end of April. It is
a type which does not perform branching and in which
attached growth does not take place, however its divisions
are realized very clearly (Figure 8).
N. limicola III was observed for 6 months. It is a Gram
positive filamentous microorganism. It does not perform
attached growth and captures attention for its filament without sheath and variable filament length. It has fairly distinctive divisions (Figure 9). N. limicola III is triggered by
increasing industrial pollution that aggravates due to fugitive pollution loads that enters the plant.

Microlthrix parvicella was last observed in April; because it is a type which is affected immensely by seasonal
change. Accordingly, it decreased in number when spring
came. It is a Gram positive filamentous bacteria species that
does not branch out and exists loosely in spirals around
the flocs (Figure 11).
Actinomycetes spp. began to dominate over the medium as of March and increased rapidly in number. This
type is found in rosette form (Figure 12). The increase of
greasy load within the water triggered the growth of this
type. Generally spring and summer months provide appropriate conditions for this type. It attracts attention in the
sludge with its true branched structure, being a Gram positive filamentous bacterium.

FIGURE 9 - 05.04.2007, N. limicola III
(Gram staining, phase contrast microscopy, 100X)

Assessing the sulfide granules within the cell that
shine as a result of Sulfide Storage Test applied to Thiothrix spp., it is possible to see clearly its sulfide storage
character. The mentioned character of Thiothrix spp is
one of the other indicators of the loads which have a high
sulfide content level that enters the plant (Figure 10).

FIGURE 12 - 05.04.2007 Actinomycetes spp.
(Gram staining, phase contrast microscopy, 100x)

Type 0092 was seen as of March. It is a Gram negative
filamentous microorganism and stands out with its flat
shape (Figure 13). Increase in temperature is the most significant factor for the growth of Type 0092 and it is thought
that the same situation is valid for this plant as well.

FIGURE 10 - 22.06.2007, Thiothrix spp.
(Sulfide staining, phase contrast microscopy, 40X)
FIGURE 13 - 22.06.2007 Tip 0092
(Gram staining, phase contrast microscopy, 40X)

Type 0914 was also observed since March. Even
though it does not exist frequently in settlement facilities; as
there is industrial wastewater inlet to the plant, it appears
here. It is a Gram positive bacterium and sulfide storage is
its most essential characteristic (Figure 14).

FIGURE 11. 05.04.2007 Microlthrix parvicella
(Gram staining, phase contrast microscopy, 100X)

Sphaerotilus natans was solely observed in March. One
of its most distinctive characteristics is its thin braches that
form a bulge outwards on its body structure (Figure 15).
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Type 1851 was solely seen in April. It is a Gram positive filamentous species. They are right angled cells which
do not branch out and can be found in different forms in
the sludge (Figure 17).
Another type that can be identified via Neisser dyeing
is Type 0803. Type 0803 is a Neisser positive filamentous
bacterium. Even though they were not observed to exist in
excessive amounts, if they increase in number, they will
cause in sludge foaming. The most significant characteristic of this type is that it does not branch out and it is singular (Figure 18).

FIGURE 14 - 11.04.2007 Tip 0914
(Gram staining, phase contrast microscopy, 100X)

FIGURE 18 - 30.04. 2007 Tip 0803
(Neisser staining, phase contrast microscopy, 40X)

FIGURE 15 - 30.03.2007 Sphaerotilus natans
(Gram staining, phase contrast microscopy, 100X)

Beggiatoa spp. was observed in March, April and May.
Beggiatoa spp. is a Neisser negative filamentous bacterial
species. Its sheath structure is its one of the most distinctive characteristics (Figure 16). If its amount within the
plant samples exceeds the average, this will result in a lack
of oxygen. This aspect should be paid close attention.

Type 1701 is striking with its cellular structure and has
attached growth characteristic (Figure 19). It is a Gram negative filamentous bacterial species. It appears as a result of
rise in temperature. It is found in wastewater emanating from
agricultural industries.

FIGURE 19 - 03.05.2007 Tip 1701
(Neisser staining, phase contrast microscopy, 100X)
FIGURE 16 - 12.03.2007 Beggiatoa spp.
(Neisser staining, phase contrast microscopy, 100X)

FIGURE 20 - 22.06.2007 Tip 1863
(Neisser staining, phase contrast microscopy, 100X)

FIGURE 17 - 05.04.2007 Tip 1851
(Gram staining, phase contrast microscopy, 100X)

Type 1863 is a Gram negative filamentous bacterium.
It does not have a sheath and its most distinctive charac-
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teristic is its cellular structure (Figure 20). It is thought to
appear with increase in sludge load.

the medium were suitable for bulking and foaming problems during the months of examination.

Type 0961 is a Gram negative, flat and right angled
filamentous bacterium in which branching does not exist.
It can be decomposed easily by other bacteria (Figure 21).

Consequently, it is thought that the sludge composition of the activated sludge process unit of Adasu
Wastewater Treatment Plant should be examined at least
weekly. There are no relevant studies conducted in the
plant. How-ever, it is concluded that controlling the floc
structure is of great significance for the plant.
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FIGURE 21 - 29.06.2007 Tip 0961
(Neisser staining, phase contrast microscopy, 100X)
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ABSTRACT
Geosynthetic materials are mainly used to form an impervious medium against water infiltration and leakage
during filling and concrete works in constructions. Besides,
they are also used to protect the water quality in artificial
lake constructions and, thus, selecting the best available
geosynthetic material against leakage is important. This
study investigates the effects of water, soil and materials
used in design and construction of Osmanbey Campus Artificial Lake in Harran University, Şanlıurfa, Turkey. It also
provides some suggestions for the possible problems. Application of a geosynthetic material is analyzed in detail by
considering the climatic conditions, workmanship, applicability and water quality assessment in this artificial lake.

KEYWORDS: Artificial Lake; geosynthetics; water quality; Osmanbey Campus Lake.

INTRODUCTION
A geosynthetic material is a synthetic one composed
of soil, and is widely used due its high resistance to various environmental conditions. Geosynthetic materials can
be produced enriched with different properties. Nowadays,
they are getting cheaper because of their widespread usage.
Geotextiles have been widely used in various civil engineering applications, where they fulfill various functions,
such as filtration, separation, drainage, reinforcement, and
protection [1]. Geomembrane contains a high density polyethylene to control fluid flows regarding impermeability. As

defined in ASTM D4439-00 [2], a geomembrane is an essentially impermeable membrane used in foundation, soil,
rock earth, or any other geotechnical engineering-related
material as an integral part of a man-made project, structure
or system. A smooth high density polyethylene (HDPE) and
a flexible polypropylene (f-PP) geomembrane with respective thicknesses of 2 mm and 1.5 mm are used, and three
different soil types with hydraulic conductivities of around
10-10 ms-1 are compacted in the cell [3, 4].
The short history of geomembranes used in civil engineering applications renders difficult estimation of their
service lives, predicted by the accelerated laboratory tests
using a time and temperature prediction model known as
Arrhenius modeling [5]. Gray [6] compared the accelerated
ageing methods, which used elevated temperatures to simulate long-term HDPE exposures. The service life prediction of a HDPE insulation on the cables (at a temperature of
40 °C) used in the wire and cable industries is about several
hundred years. HDPE geomembrane shows high resistance
to leakages due to its strong and high resistance against
chemicals, high tensions, low permeability, punching, and
cracks. Besides, absolute impermeability gets from connection points with a double-fusion welding system [3].
The combination of several materials to create hybrid
geosystems is often advantageous in the geotechnical designs. The combination of two or more geosynthetics has
been used, in practice, in various applications for decades
[1, 7]. Specific geomembrane–geotextiles are used in drainage, resisting puncturing, and controlling the tear propagation. Geomembranes used in combination with geotextiles
are often textured for better compliance and interaction
between the synthetic materials. Practical applications of
geo-textile–geomembrane systems include landfill liners,
highway subgrades, leachate and gas collection systems,
and retaining structures [8, 9].
The significant question to be answered is “whether the
presence of such a geotextile increases or decreases the
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leakage flow rate?” Previous experimental studies indicate the difficulty of deriving a conclusion due to the multiplicity of experimental conditions [4, 10, 11].
Various materials and construction types are especially
used in various foundation types for the prevention of leakage in the wastewater treatment plants and solid waste landfills in Mid-latitude Western Europe, and also in USA. In
the last decade, they have been used in Turkey for the same
purposes, i.e. in Gaziantep solid waste landfill and
Ceylanpınar wastewater treatment plant [12]. The geomembrane-geotextile material and concrete coverage in
compressed foundations are preferred in Şanlıurfa Plain
Irrigation Project Phase II constructions, and in the Upper
Harran Main Irrigation Canal [13].

Lake modeling

Table 1 states the general characteristics of the lake system. It indicates that a total water volume of 79,069,820 m3
will be supplied to 5 collection storage lakes, which will increase the attractiveness of pedestrians. Water will be supplied by pumps from the main irrigation canal [15]. The
lakes are also fed by water jets in order to visually demonstrate the water surface movement.

Although no serious problems have been encountered
during the preparation steps of the above-mentioned works,
some problems had to be solved during construction stage.
The most important one was the elongation of the geomembranes resulting in deformation and undulation.
In this study, the application of a geosynthetic material
at Harran University, Osmanbey Campus Artificial Lake,
Şanlıurfa, Turkey is investigated in detail by considering the
climatic conditions of the area, workmanship, applicability, and water quality assessment.
MATERIALS AND METHODS
The study area

Osmanbey Campus (Fig. 1) is one of the largest university campuses in Turkey with an area of 27x106 m2 on
an undulation topographical area [14]. The area is suitable
to establish recreational areas with natural and landscape
elements around a radius of 600 m. This will also aid to
supply the necessary irrigation water for the green areas,
and to form high density pedestrian motions. For these purposes, about 60 x103 m2 of water level is laid down in an
optimum manner to fulfill the designed landscape work
[15]. This study investigates the implementation problems,
such as the soil characteristics in the area, leakage problems from the water reservoirs, properties and behavior of
the materials, the construction method and expected climatic troubles, and water quality problems.
The study area has various geological formations from
young to old, such as Gaziantep formation Paleo and Quaternary alluviums. The geological units are white, cream
color, soft, chalky and tiny marl layers at the bottom; cream,
grey, pink color, wide cracked, chert-like layers hard round
and heavy limestone (CaCO3) layers at the top. At the top
layers, marl sections are separated and have lithological
character for convenient transport. The top alluvium layers
consist of separated limestone, cherts and gravel blocks,
reddish clay and longitudinal silts [16]. Geological structure
of the study area is given in Fig. 2.

FIGURE 1 - Şanlıurfa Osmanbey Campus Location.

The lake will be supplied with water pumped from the
Upper Harran Main Canal, where water comes from Atatürk
Dam Lake by the help of Şanlıurfa Irrigation Tunnels. Eighty
L/sec of potable water flow-rate will be supplied by electro-pumping from the main canal to the first reservoir by
means of a pipeline with a diameter of 225 mm.
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way is calculated as 5 m according to the following weir
discharge formulation:
Q = CBH3/2

(1)

where C is a constant equal to 0.65 and H is the water
height (m).
For Q = 0.070 m3/s and H = 7.5 cm, the upper level
code of the spillway is 516.10 m for attaining flow at the
system [17]. At the spillways, the side walls of the lakes
are raised up to 516.70 m. Water coming from the spillway
to the lake area has a 7.5 cm thickness for audio-visual
inspections. The spillway discharge is arranged by a valve
room next to the pond, with a discharge manhole to connect to the discharge pipeline and to get a connection to
stormwater discharge network.

FIGURE 2 - Geology of the study area.

Within the lake system, there are many engineering
structures, such as transmission canals between lake areas,
drainage, water intake structure, spillways, waterfall struc-

On the other hand, the function of waterfall structures
is to regulate the water flow, to aerate water, and to supply
water resources to the 4th lake. For these purposes, three of
them are located at the 3rd lake, and one of them is constructed at the 5th lake connecting the water flow to the 4th
lake. Each of these waterfall structures has a discharge rate
of 20 L/sec, and a height of 3 cm over threshold flows, in
addition to 1/1 threshold slope through safety spillway with
an upper elevation code of 516 m. The manhole size is
selected as 120/250 for inspection with a slope of 0.005°
and friction factor of η = 0.016. Water flow has a velocity
of 0.339 m/sec with a depth of 2.9 cm at the manhole. The
water exit structure is arranged with an energy reduction
threshold to reduce water energy at the inclined plane and
to abide to the waterfall conditions. For the calculation of
waterfall discharge, Q = 0.020 m3/sec and B = 2.50 m are
adopted. Hence, the entrance cross-section of spillway
can be calculated by Eq. 2:
Q = C x B x √2g x h3/2

(2)

tures, safety spillway and discharge structure. Spillways are
located just beside the third lake. The connection to the
second lake is on the same line. The length B of the spillTABLE 1 - General information about the lake.
Number Base area
of
(m²)
reservoir
1
2
3
4
5
TOTAL
Discharge
1–2
2–3
3–5
TOTAL

Circumstance Soil area Walking Length
of sphere
(m²)
area (m²) of walk(m)
ing way
(m)
691.49
107.76
3545.87
286.39
924.95
364.17
32437.64
1191.58
827.12
6940.83 2185.33
16092.05
652.46
1140.54 3033.26
930.09
3954.16
255.95
1475.45
605.15
56721.21
2494.14
1967.66 12374.49 4084.74
527.31
1146.08
1007.81
2681.20

Scarp
area
(m²)

Total
surface
area
(m²)

908.24
3683.43
2027.66
813.52
7432.85

4454.11
36121.07
18119.71
4767.68
63462.57

264.12
417.59
546.34
1228.05

416

Total water Elevation
Base
Water
Crest
volume
of excava- elevation elevation elevation
(m³)
tion
968.09
4964.22
47049.80
23430.09
5535.82
81948.02

515.34
515.00
514.50
508.00
514.00

515.64
515.30
514.80
508.30
514.30

517.04
516.70
516.20
509.70
515.70

517.34
517.00
516.50
510.00
516.00
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By considering the spillway cross-section constant as
0.352, this expression becomes as 0.020 = 0.352 x 2.5 x √2g
x h3/2, which yields h=3 cm. Moreover, lake water fall calculation for culvert spillway entrance cross-section is given
in Fig. 3. At the beginning of the inclined plane, water
height can be calculated as follows:
hcr = (q2/g)1/3 ,

q = Q/B

level code of 509.50 m at the 4th lake which has the maximum water level. Water circulations will be obtained by
Eq. 1 for C = 0.80 and H = 9.5cm, which yields B = 300 cm
for spillway width. The pond base level of discharge spillway is arranged as 507.90 m and water discharge from
160 cm is connected with a φ200 mm pipeline to stormwater manhole.

(3)
Potential problems
3

where hcr ≈1.9 cm; q = 0.008 m /sec/m; Ecr = 0.029 m;
hculvert = 1.2 m < Ecr = 0.029 m.

FIGURE 3 - Spillway entrance
section at calculation of lake’s waterfall

Water height at the end of the waterfall pond is calculated as h =3 cm, hwater =23 cm, hwall =55cm < 23 cm. The
inclined plane cross-section of the spillway is shown in
Fig. 4, where Q = C x B x h3/2. According to the spillway
cross-section, C = 1.546 is adopted.

FIGURE 4 - Inclined plane waterfall spillway
section and inclined plane energy reduction detail

For the discharge of 80 L/sec, where 10 L/sec is considered as evaporation, the spillway is constructed at the

Since the area of the reservoir is composed of limestone
at the bottom layers and the filling materials at the top layers, the permeability of the soil is not at a preferred level.
Around the lake areas, some of the buildings are located
below the lake bottom level depending on the topography
of the location. The abundance of the fillings, slope and the
side walls are all around the lake. Hence, the compression
of the fillings becomes an important issue. Moreover, corrosion of the steel-plating in lake area is a major issue that
needs to be solved. The limestone at the base of the lake
areas may not keep the water which results in water movements in the foundation.
There is always a need for a better water distribution
system in the first lake due to water leakages from the lake.
To improve this situation, additional water pumping is necessary from the main irrigation canal. Because of the additional water demand, the systems operational cost increase
due to increased electricity consumption.
In the lake area, seasonal temperature variations and
high temperature affect the geomembrane and the protective concrete coverage. Therefore, it is necessary to find an
optimum solution taking into account various criteria, such
as the probable environmental problems, the abundance of
alternative materials, and the anticipated construction time
and cost.
The main rock unit around Şanlıurfa is composed of
Eocene-lower Miocene old Midyat group, which is represented by Eocene-Oligocene old Gaziantep formation at the
base and overlying lower Miocene old Euphrates formation.
Gaziantep formation in the South Anatolian Project (GAP)
region consists of marls at the base with the overlying dispersed limestone. Fragile white and cream marls and stratum with thin-medium thickness are present at the lower
level formations. Dispersed limestone is located over the
marls which have dirty white colors, chalky and crispy,
tough constructed, regularly broken with high density melting gapes. Dispersed limestone with a wide and shallow
topography has the medium thickness stratum [16]. Basin
area of the lake is spoilt generally with the occasional old
Eocene limestone overlain with a 1-m filling material, which
cannot keep the water. In terms of bearing capacity, soil
safety factor is 5–10 kg/cm2. There are tectonic events, such
as twisty, faulty, and joint landslides. Hence, it will not
present any problem during construction [15]. Limestone is
permeable because of the porosities and the cracks in its
structure, and its hardness is about 3 according to Mohr
scale with a density of around 2.6–2.7 g/cm3 [18]. Reser-

417

© by PSP Volume 18 – No 4. 2009

Fresenius Environmental Bulletin

voirs on this natural foundation may experience water
leakages and losses, which may affect the nearby buildings
and lead to additional water demand. Homogeneous and
suitable materials are not found to eliminate negative effects
of the soil. The soils have high swelling degrees. There are
rock materials which can be used for recreation and stabilized materials suitable for zonal usage.
Examination of clay coverage alternative for lake forming and slopes indicates that impermeable material has an
excessive plasticity, which may cause shrinkage under high
seasonal temperatures and sudden humidity changes. Moreover, this alternative is abandoned as a result of additional
transportation costs and possibility of plant growth at the
lake bottom with time. On the other hand, covering of the
lake’s bottom with concrete or adulterated concrete is considered, but it is also abandoned because of the possible
crack formations with time due to the different settlements
and water leakage problems. At the end, it is decided that
filling the excavation at lake’s bottom with compressed sand
and stabilized gravel (0.5-8 mm) material, and its coverage
with an impermeable artificial material is the most convenient way. Hence, the first constructed layer has a thickness
of 0.15 m, and the second layer has the 0.10 m concrete
asphalt overlain by geotextile and geomembrane cover.
Such a composition can be called as geocomposite, and as a
final cover, concrete or asphalt alternatives are evaluated.
After the evaluation of various alternatives, an impermeable
lake base could be constructed by leveling the lower soil
layer, after spreading and compressing a layer of 0.20 m
thickness sand (0.5 mm) with overlying of geomembrane
(HDPE with a 1.5 mm thickness) again overlying spread of
geotextile (200 g/m2) and, finally, there is a concrete layer
with 8 cm thickness.
There are a lot of soil movements related to excavation and filling material because of the topography in the
lake area. The construction technique should be suitable
considering impermeability that is the most important issue
regarding the foundation and condition of the buildings.
After examining the initial project in 1995, partial narrowing and green areas are added to the project to avoid probable water leakages.
For better slope stabilization between the 3rd and 4th
lake, these areas are reconsidered with a smaller slope,
leading to a wider bottom. This is considered because of
the perpendicular shoulder slope, construction difficulties,
lack of time, and probable water leakages. Generally, fillings are composed of limestones. Moreover, settlement
problems are out of question. Slopes are constructed as 2
(horizontal)/1 (vertical), and safety of static fillings slope
stabilization is FOSS ≥ 2.2, and also slope stability safety
factor is found to be FOSD ≥ 1.1 in case of earthquake [17].
These figures are safe enough in terms of geotechnical
standard design criteria. Swelling and rising of the soil are
not expected for excavations because of the limestone
formation at the bottom. There might be piping due to high
permeability of the filling materials and water losses, and

this may affect the behavior of filling. Expected potential
problems are solved by using synthetic materials such as
geomembrane elements to obtain the desired impermeability.
Expected water leakage may come from slope and the
concrete at the bottom in the lake area. Under normal conditions, the expected amount can be calculated by Darcy
law as follows:
V = KI

(4)

where V is the leakage velocity (m/sec); K is the permeability coefficient (m/sec), and I is the dimensionless
hydraulic gradient.
Moreover, slope leakage discharge (Qslope) can be calculated with the relevant data of Kconcrete = 2x10-8 m/sec;
time t = 0.08 min; the maximum water level h0 = 1.40 m,
and, hence, I = 8.75 m/m; the cross-sectional area A =
2.52 m2/m; V = 17.5x 10-8 m/sec, and, finally, Qslope = 44.1x
10-8 m3/sec/min. On the other hand, the leakage discharge
from the bottom can be calculated as I = 17.5 m/min; A =
233.5 m2/m (3rd lake as a sample); V = 35x10-8 m/s; and,
hence, Qbottom = 8.17x10-5 m3/s/min. Finally, the total leakage discharge (QT) from the 3rd lake becomes QT = 0.09052
L/s/min.
In general, excavations may cause slope stability problems, whereas fillings may be attached with stability and
settlement problems. An important issue is the determination of the surrounding water quantity during the design
stage. Stability and settlement are negatively affected by
the existence of water [17]. The potential negative effects
of water leakages through concrete body, cracks and lines
can be stated as follows.
1 - Downward water leakage towards concrete body:
a. It leads to a softened soil foundation and results in
strength losses.
b. If the soil has a swelling property, there will be expansion and cracks on the concrete body. Clay formations
have swelling percentage of 1.03 % and swelling pressure
of p = 0.50 kg/cm2.
2 - If there are leakages through the covering concrete
to the filling system, there will be trouble in the stability,
and this may cause to sliding in the main structure.
3 - In the case of filling settlement or any small sliding, there may be cracks present at the covering concrete
body and water leakages may then increase, and
4 - In the case of the whole canal body over fillings,
the effect of water leakages from sides and base may cause
the settlement to become denser. Even though the filling
material is rock, it may have negative effects.
The aforementioned effects may be at a serious level at
plyo-quarternaire old covered stratum (~24.3 km), which is
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composed of clay, sand and weak-cemented aglomerate,
small to medium level at old olygomiocene marl-leveled
limestone (~7.8 km), and negligible level at plyo-quarternaire old basaltic formation (~4.0 km) [16].
If no precaution is taken for side surface fillings and
lake base excavations for prevention of water leakages,
there may be distortion at filling and excavation properties
after a while throughout the sliding surface, starting from
top to bottom footings of the side slopes. These situations
may result in significant destruction at the lake body. Moreover, the same stability problems may occur at the excavation sides in the long term. In addition to all these negative effects, it is clear that there may be distortion of soil
and unwanted settlements at the lake base.
To overcome the negative water effects without any
structural maintenance at the lake body in the long term,
and to supply the expected service facilities, maximum impermeability is obtained by a geomembrane with a thickness of 1.5 mm and overlying the lining of geotextile as a
protecting element under concrete cover. In order to prevent the geomembrane from being punctured and to obtain
a well-arranged surface for geomembrane, there is a stratum
layer with a thickness of 20 cm under geomembrane that is
formed by washed and sieved sand. This stratum protects
the geomembrane.
Existing filling with washed and sieved sand without
significant distorting has a thickness of 20 cm, overlayed
by HDPE-type geomembrane with a thickness of 1.5 mm,
using protective geotextile of 200 g/m2 together with 8 cm
concrete, respectively. Leakage is not expected at dilatations. With time, there will be leakages at the lake base if
there is a distortion at the geomembrane. To observe the
water leakage and interference from this situation, there
are φ200 mm drainage pipes at the lake’s base, and these
pipes are connected to φ300 mm, and φ400 mm drainage
pipes, located at the natural soil stratum. Hence, collected

water may be released to dry stream beds. These drainages
can be followed by observation manholes. Lake drainage
plan is given in Fig. 5.
Discharge of the 3rd and 4th lakes can be considered in
two stages as stated:
a) Constructing the base discharge unit above 25 cm
from the lake bottom with an absorbent entrance grid will
ensure that the unwanted materials do not give any harm to
the discharge and storm water drainage system. The discharge systems of both lakes are separately connected to
the storm water network.
b) The area under 25 cm of absorbent entrance as a
safety section will connect, after clearing the 3rd lake bottom, to the lake base discharge system with a valve controlled by a φ200 mm HDPE-type pipe from a place, which
is between the 3rd and the 4th lake head box. The same
procedure is also done for the 4th lake to the bottom discharge system.
Since Şanlıurfa is located in a warm region, there may
be shrinkage cracks present at the protective concrete bodies in the bottom of the lake and the side slopes. To minimize the presence of these cracks, the concrete area sizes
are designed to be 4 m x 4 m. To reduce the cracks formed
by shrinkage, chemicals and over concrete, protective textile materials are used during the concrete works. In spite
of all these precautions, there are still shrinkage cracks at
the lining and connection places, slopes and the concrete
base. These cracks are repaired by the repair mortar. Moreover, the productivity can be observed in progressive periods. Concrete lining plan is given in Fig. 6.
If there is a delay in covering after spread-out of geomembrane, there is a shape deformation in geomembrane
due to the elongations based on weather conditions, especially due to the high temperature in the area. Temperature
is around 45 0C at noon time during summer [19].
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FIGURE 5 - Drainage plan of the lake.

FIGURE 6 - Concrete covering plan of the lake.

FIGURE 7 - Measurement of shape deformation of geomembrane due to delay of concrete covering.

Geomembranes have technical stretching properties
of 80% vertically and horizontally, elongation and shrinkage, due to the temperature differences between day and
night. If the concrete structures are not placed at the same
time together with geomembrane, it may take time to get
weak concrete, and due to the temperature changes, there
may be skids and cracks at concretes based on geomembrane shape deformation.

If there is a delay in cover concrete productions over
the geomembrane due to the elongation, there is a deformation of 20 cm, and at some extreme cases, this deformation even reaches 30 cm, especially during summer
when the temperature is at its maximum level. Measurement of this change is shown in Fig. 7.
Concrete movements may increase and also the side
slope concrete may have stability problems. During the
cutting of dilatations, there is a probability of cutting geo-
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membrane. In such a situation, there may be a conflict in
the prevention of water leakage. Consequently, geomembrane and concrete covers can be produced simultaneously,
and high temperature conditions could be avoided. It may
be suitable to precede construction in spring or autumn,
where seasonal or daily temperature differences are at the
minimum level.
In the case of uncovered geomembranes, the leakages
accelerate if welding and joints are not well applied. Hence,
there may be high level shape deformation in the geomembrane. These defects and spectra sometimes may resemble
a mushroom on water, and generally act as circular air
bubbles depending on the situation and the amount of leakages, soil properties, climate changes, and underground
water levels. Besides, when there is a leakage between the
geomembrane and clay soil, some microorganisms appear.
Moreover, these organisms result mostly in holes and damage of the geomembrane. These situations are especially encountered on wastewater treatment plants and where the
underground water level is high and also base is covered by
impermeable clay soil. After the completion of construction, such defects can be hardly repaired at high costs.
Therefore, in the case of uncovered and unprotected geomembrane production, welding and connection works should
be carried out carefully.
Due to the abundance of alternatives, various types are
considered, such as the materials and their properties, production and construction conditions and their production
times, necessary technical rigging, provision of these rigging, workmanship quality, capacity and capability of the
contractor, climatic conditions are taken into consideration.
Besides, factors such as the expectations of employer,
budget and appropriation of circumstances anticipated the
time, expected utility and aesthetics. Productions type is
selected for the construction after the evaluation of all
these technical components.
Minimum properties of geomembrane and the protective
geotextile placed in Osmanbey Lake are given in Table 2.
Geomembrane elements are connected with a special welding system named double-fusion. Geotextile is used for
protection and separation purposes. Geotextile element connections are obtained by 15 cm-overlapped layers.
TABLE 2 - Minimum properties of protective geotextile.
Property

Unit

Thickness
(mm)
Unit weight
(g/m2)
Limit strength
(N/mm2)
Elongation at rupture
(%)
Tearing-tensile
(N)
strength
Perforation strength
(N)

Minimum value
1,5-2
200
35
80
200

Standard
of experiment
DIN 53353

the effect of hot temperatures during daytime, cotton materials are used for protection purposes, but shrinkage cracks
are still a problem. Addition of synthetic fiber material to
concrete is used to reduce the cracks and improve the
strength of the concrete. It is observed that shrinkage cracks
are reduced by 60 %. Increase of strength is tested during
the operation.
RESULTS AND DISCUSSION
The lake area lies in dry stream beds and consists of
five different spheres depending on the topographical conditions. They are leveled according to the topography, water
supply points, green area and service purposes. The water
distribution reservoir depending on the natural conditions
and fits with the road planning is presented in Fig. 1. The
first reservoir area is the exit of the pumping line and will
serve for water circulation between water surfaces [15].
The water supplied by the Upper Harran Main Canal was
pumped to the first lake and then distributed to the others.
Water is only available in the canal system between the
months of March and October because of the GAP irrigation program. In this period, water from the main canal is
supplied to the lake areas and at the end of the irrigation
season (winter); water in the lakes is discharged for
maintenance. Water movements between the lakes are
achieved by pipes, open canals and spillways. The basins
and slopes of the lakes are examined according to the geological structure of the area. The water collection areas
generally consist of limestone and accumulation materials
[20].
Geomembrane and geotextiles are produced during daytime due to testing of welding and sewing productions as
there is a need for lighting during night-time in the large
production area, Harran University Campus, Şanlıurfa,
Turkey. Thus, the main problem faced during the construction in the lake area is the elongation of geomembrane because of hot weather conditions (Fig. 8). Concrete construction is done starting from late evening until the morning
because of shape deformation of geomembrane, especially
due to hot weather during daytime. Constructions of both
geomembrane and concrete bodies are done at different
times because of the reasons mentioned above. This results
in additional workmanship costs, low productivity and delays in the planned finishing time of the construction.
Problems during operation and performance evaluation

DIN 53515

400

Due to hot weather during daytime, concrete production is performed during the night time with a low slump
to reduce the shrinkage cracks on the concrete. To reduce

One of the most important problems that may arise
during the operation is evaporation. While the average
precipitation of Şanlıurfa is 450 mm/year, evaporation is
1850 mm/year [19]. In other words, evaporation is 4.11
times higher than precipitation. Water reaches the lake by
means of electro-pumping from the Upper Harran Main
Canal, supplied by Şanlıurfa irrigation tunnels and Atatürk
Dam Lake. There is a 355 g/ml/L of salt (NaCl) in the
water at Atatürk Dam Lake. Therefore, there will be salt
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residuals in the lake area as a result of evaporation. It is
expected that there will be 21500 kg of salt accumulation

in the artificial lake area. It is necessary to remove these
salts during the operation and maintenance periods.

FIGURE 8 - Elongation of geomembrane due to shape deformations based on climatic conditions.

Environmental
Protection Agency
(EPA)

Raw Water
(Before Filled
Water)

Turbidity
Color

25
20

5
15

1
15

1
-

1.1
8

1.3
6

1.1
6

1.5
8

Hardness (CaCO3)

--

500

--

--

12.4

11.74

12.77

13.88

0
8.24
0.001
0.01
0.01
13.8
0.23
0.005
0.01
0.12
0.001
0.22

0.1
8.33
0
0
0
19.8
0.38
0.003
0.416
0.29
0
0.03

0.1
8.40
0
0
0
21
0.42
0.001
0.537
0.33
0
0.01

0.1
8.50
0
0
0
18.6
0.40
0.003
0.671
0.38
0
0.03

0.18

0.29

0.33

0.31

Free chlorine
0.5
pH
6.5 - 9.2
Mn
0.05
Fe
0.2
Zn
5
Cl
600
NH4
0.5
Al
0.20
Cr (total)
0.05
Fluoride
1.5
Pb
0.05
Nitrate-NO350
Ammoniac (NH3)
-(for surface water)

5
6.5 – 8.5
0.5
250
1.5
0.20
0.05
1.5
0.05
50
--

Europan
Commission
(EC)

World Health
Organization
(WHO)

L1

Parameter

Institute of
Turkish
Standards

TABLE 3 - Observed changes at lake’s water during operation period by analysis.

6.5 - 8.5
0.05
0.3
5
250
0.20
0.05
0.7-2.4
0.05
45

6.5 - 9.5
0.05
0.2
250
0.5
0.20
0.05
1.5
0.01
50

--

--

Moreover, there may be additional water needs due to
evaporation in the lake area. This situation will require
additional pumping and an increase in the electricity cost.
Landscape and green area works started around the lake
area to prevent such a situation. Water in the lake is drinka-

Sample Points

L2

L3

ble and there are changes in the water quality after approximately six months of operation as seen in Table 3.
Raw water quality (of water when the lake is firstly filled)
and used water quality in the lake (of water staying in the
lake for approx. 6 months) are evaluated comparatively in
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order to take into consideration not only the weather, but
also the physical conditions, social conditions, and environmental factors.
Evaluation of lake water quality

Water analyses are carried out according to potable
water parameters, such as iron, manganese, zinc, and lead.
Table 3 indicates no significant changes in water quality
within the period considered in this study. There are no
significant changes in the parameters of turbidity, color,
toughness, free chlorine, aluminum, pH, manganese, iron,
zinc, and nitrate, whereas there are important changes in
ammonium, chrome, fluorine and ammonia which are important parameters for the surface water. [21-23].

summer. Especially, there is a deformation of geomembrane due to its structure during summer, and the structure
of geotextile. It keeps the dust at windy weather and these
dusts get out later from the concrete connection places.
Related to the selected materials and their production
preferences, evaluations are carried out during the first six
months in terms of the expected utility. Observation of the
lake behavior will continue in the future for better and adaptive results. Scientific studies are very significant for such a
costly structure due to its plan, material and construction.
Such an inspection will enhance input data for further constructions.
NOMENCLATURE

According to the values, chlorine, chromium, and fluorine are not harmful for the time being, but ammonium and
ammonia are especially important pollution parameters and
their increase is not desired. The increase in organic pollution causes changes in oxygen content and formation of
algae increases as well as some microorganisms. Such
causes may be related to the fact that the lake is completed
just before the winter months and opened for use immediately. Between the first and the second evaluation of water analysis, only the winter and spring months of the same
year have passed. It is expected that the increase in temperature in the coming summer might cause some decrease in
oxygen amount in water due to the utilization of oxygen
by microorganisms. Other factors that may be considered
as reasons for a reduced water quality are the lack of
aeration (lack of recycling of water) and the potential increase in the campus population. It is also considered that
the decrease of water quality may result in eutrophication.
Studies related to water quality of the lake cover between
the filling part of the lake and water quality controls for
six months. It is expected that the water quality will decrease. To overcome this negative situation, water should
be aerated continuously at certain time intervals.

φ
pipe diameter [L]
A
Cross-sectional area [L2]
B
Spillway width [L]
C
Coefficient of spillway [dimensionless]
Ecr
Level of critical energy [L]
FOSD
Slope stability safety factor [dimensionless]
FOSS
Safety of static fillings slope stabilization [dimensionless]
η
Friction factor [dimensionless]
g
Acceleration due to gravity [LT-2]
H
Water height at the end of waterfall pond [L]
h0
Maximum water level [L]
hcr
Depth of critical flow [L]
hculvert Water height at beginning of inclined plane [L]
hwall
Height of wall [L]
hwater
Height of water [L]
I
Hydraulic gradient [dimensionless]
K
Permeability coefficient [LT-1]
Kconcrete Permeability coefficient of concrete [LT-1]
p
Swelling pressure [KL2]
Q
Spillway discharge [L3T-1]
q
Discharge quantity for unit width [L3T-1L-1]
Qbottom Leakage discharge of bottom [L3T-1]
Qslope Leakage discharge of slope [L3T-1]
QT
Total leakage discharge [L3T-1]
t
Thickness of concrete [L]
V
Leakage velocity [LT-1]

CONCLUSIONS
Osmanbey Lake has a special importance because it is
the largest artificial campus lake in Turkey, and because of
the properties of materials used. It needs a good planning,
management, control and organization of design, selection
and production of the materials until the construction end.
During the constructions, various problems are encountered
such as the project cost. Another important subject is the
assurance of the workmanship quality. Important topics
are the external factors like the climatic conditions and the
construction period that should be planned according to
local conditions. If it is not possible to select or postpone
the construction period, it is necessary to select the suitable material for seasonal conditions. Since there are great
temperature differences between day and night during
summer, such a construction should not be carried out in
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EFFECT OF Cu ON THE REDUCTIVE DECHLORINATION OF
CHLORINATED HYDROCARBONS IN WATER BY SCRAP-IRON
De-Li Wu*, Zheng Wang, Hong-Wu Wang, Jin-Hong Fan and Lu-Ming Ma
College of Environmental Science & Engineering, Tongji University,
State Key Laboratory of Pollution Control and Resources, 200092 Shanghai, P. R. China

ABSTRACT
Reductive dechlorination of chlorinated hydrocarbons
in water by scrap iron or Cu/Fe bimetallic reductant prepared by plating Cu on scrap-iron was investigated in batch
experiments. Results showed that chloroform (CF), carbon
tetrachloride (CT), 1,1,1-trichloroethane (1,1,1-TCA), 1,1,
2,2-tetrachloroethane (1,1,2,2-TeCA) and hexachloroethane
(HCA) can be removed from aqueous solutions by Fe0 and
Cu/Fe. The degradation of CF, CT, 1,1,1-TCA, 1,1,2,2TeCA and HCA followed pseudo-first-order kinetics. The
use of 0.2% copper significantly increased the rates of dechlorination reactions. The reaction intermediates and final
products identified by GC-MS include several less-chlorinated hydrocarbons. Based on the products and byproducts,
the hydrogenolysis and reductive elimination are the dominant reaction pathways for the dechlorination of chlorinated hydrocarbons by scrap-iron and copper-plated scrapiron (Cu/Fe). The results indicated that scrap-iron, especially
copper-plated scrap-iron, are potentially effective materials
for environmental remediation.

KEYWORDS: chlorinated hydrocarbons, reductive dechlorination,
Cu/Fe bimetallic reductant.

INTRODUCTION
Recent investigations on reduction of chlorinated organic compounds by zero-valent metal including zerovalent iron (Fe0) [1, 2], Al [3], Si [4], Zn [5],Ca [6] and
metallic compounds, such as iron sulfide [7] and green rust
[8], have shown promising potential for applying this technology to the remediation of a variety of contaminants.
Numerous feasibility studies, pilot tests, and field-scale
demonstration projects have been initiated using zerovalent metals, especially Fe0. Many contaminants, especially those containing strong electron withdrawing groups
including nitrobenzenes [9], azo dyes [10], chlorinated
methanes [11], tetrachloroethylene (PCE) [12], chlorinat-

ed benzenes [13], phenol [14] and biphenyl [15] can be
reduced in this catalytic reduction system. It is reported
that the most important factors influencing the reductive
dechlorination reaction are the reactivity of individual
chemical contaminants and the available concentration of
Fe0 surface area. Other factors, such as Fe0 surface conditions, pH, initial contaminant concentration, and flow or
mixing rate, are minor contributors to the kinetic control [16, 17].
Chlorinated organic compounds are widespread contaminants and usually persist in the environment for several
decades. The major mechanism for the degradation of chlorinated hydrocarbons is the anaerobic reductive dechlorination. The removal of chlorine substituents from the chlorinated hydrocarbons is the key step to reduce the toxicity
and improve the biodegradation behavior of the most chlorinated organic compounds. Most daughter compounds from
the dechlorination reactions are more susceptible to oxidative degradation by microorganisms and chemical oxidants.
But some organohalides are difficult to be reduced and
undergo only partial dehalogenation, resulting in formation
of more toxic byproducts, such as vinyl chloride or dichloroethene, during reductive dechlorination of TCE by
zero-valent iron [18].
A practical and potentially effective option for overcoming these shortcomings is to enhance the reactivity of
iron by plating a second metal to generate a bimetallic reductant. Numerous attempts have been made to enhance
the dechlorination rate using iron-based bimetals as more
effective reductants, such as Pd/Fe and Ni/Fe etc [19, 20].
However, the surface analysis of Ni/Fe and Pd/Fe suggested
that the activity of catalysts decreased over time because of
the formation of a thick oxide layer [21]. In early researches,
the bimetallic Cu/Al has been shown to have the activity
of increasing the dechlorination rates of chlorinated hydrocarbons [3]. At present, only limited information is available concerning the dechlorination of hydrocarbons in
water by Cu/Fe bimetal; moreover, the influential factors,
such as mass ratio of Cu/Fe and the chemical property of
various organohalides in the same Cu/Fe system, have not
been fully elucidated. The studies of Cu effect on the surface of iron on dechlorination reactions are very important
for determining the optimal loading mass of Cu.
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In particular, the literature concerning the use of scrapiron for dechlorination of chlorinated hydrocarbons was
very limited. The focus of previous investigations was
mainly on iron powder and granular iron rather than
scrap-iron. In fact, scrap-iron is usually in better shape
and massive production, thus it is in favour of large-scale
engineered applications. Furthermore, scrap-iron contains
small amounts of a number of other elements, such as C, Si,
Mn, Mo etc., and the impurities could enhance the reactivity
of iron for chlorinated organic compounds [22]. Thus, it is
necessary to investigate the performance of scrap-iron as
reductant for dechlorination of chlorinated hydrocarbons
in aquatic environment.
Organohalides including CF, CT, HCA, 1,1,1-TCA
and 1,1,2,2-TeCA were chosen as test contaminants, and
scrap-iron and Cu-modified scrap-iron were used as reductants in the research.

Preparation of bimetallic reductants

Scrap-iron used in the following tests was rinsed with
deionized water as a pretreatment. A solution of CuSO4
100 ml) with the mass percent concentration of 0.125%,
was added to the bottles filled with 50 g cleaned scrapiron. Then the bottles were treated on a shaker at 140 rpm
about 1h to ensure complete replacement reaction. The
modified scrap-iron was again rinsed by deionized water
three times. Assuming that the Cu metal was reductively
precipitated onto the iron base metal, the mass ratio of Cu
to Fe in the bimetallic reductant was calculated to be 0.1%.
Similarly, Cu/Fe bimetallic reductants with various mass
ratios were prepared with the above procedure. Scanning
electron microscopy images (SEM, Hitachi S-520) for the
surface of scrap-iron and Cu-modified iron are shown in
Fig. 2. XRD (X-ray diffraction) analysis of freshly prepared Cu/Fe reductants revealed the presence of Cu0 at
the surface of iron.

MATERIALS AND METHODS
Reagents and materials

The following chemicals were used as received: chloroform (CF) (>99.8%, GC grade); carbon tetrachloride (CT)
(>99.8%, GC grade); dichloromethane (DCM) (>99.8%,
GC grade); 1,1,1-trichloroethane (1,1,1-TCA) (>99%, GC
grade); 1,1,2,2-tetrachloroethane (1,1,2,2-TeCA) (>99%,
GC grade); and hexachloroethane (HCA) (>99%, GC grade).
Scrap-iron used in this study was 35CrMoAl steel (see
Fig. 1), and its composition is shown in Table 1 [23]. Copper solution (mass concentration 1%) for preparation of
bimetallic reductants was obtained by dissolving CuSO4
(97%, AR) in deionized water. Bottles used were the 100-ml
brine bottles (nominal volume; actual volume ≈ 120 ml).

A

TABLE 1 - Composition of scrap-iron used in this study (%).
Fe
>95
Mo

C
0.35~0.42
Al

Si
0.2~0.45
P

Mn
0.3~0.6
S

0.15~0.25

0.70~1.10

<0.035

<0.035

Cr
1.35~1.65

B
FIGURE 2 - SEM image of (A) scrap-iron after the
deionized water rinse, and (B) scrap-iron amended by Cu
after the deionized water rinse with Cu/Fe mass ratio of 0.1%.
Batch experimental procedures

FIGURE 1 - Image of scrap-iron used in this experiment with
the surface area of 0.3 m2.g-1, the bulk density of 0.2×103 kg/m3,
the length of 30-150 mm, and the thickness of 0.1-0.3mm.

50g scrap-iron or bimetallic reductant was added to
each 100-ml brine bottle. Then, these reaction bottles were
filled with 100, 100, 100, 60, 50 µmol L-1 of CF, CT, 1,1,1TCA, 1,1,2,2-TeCA, and HCA solution with no headspace,
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and were sealed immediately by caps with Teflon-lined
septa. Less than 2 ml of headspace (presumably resulting
from reduction of protons to H2 by reductant) evolved during the course of a typical experiment. The bottles were
shaken at 140 rpm throughout the course of the experiments. At regular intervals, a 1-ml sample was withdrawn
from the bottle using a syringe equipped with a long needle, while simultaneously adding 1 ml of denionized water to the top of the bottle with another syringe. Samples
were transferred to 40-ml glass vials, which were then
filled with deionized water without headspace and capped
immediately using Teflon-faced septa and rubber caps for
volatile organic compound analysis.
Analytical methods

The concentration of chlorinated hydrocarbons and
their chlorinated products was determined by automated
purge and trap gas chromatography–mass spectrometry
(GC-MS). Samples contained in 40-ml glass vials were
loaded into a Tekmar AQUAtek-70 autosampler. A 5-ml
aliquot of sample was transferred via a sample loop into
the purge vessel. The liquid sample was purged with highpurity N2 gas for 11 min to transfer volatile analytes onto a
trap. The trap was dry-purged with N2 gas for 1 min to remove water vapor, and analytes were thermally desorbed
for 2 min at 250 ℃ onto the GC column for separation and
analysis. At last, the analytes were transferred through the
mass detector to identify each analyte. Samples were injected with split ratio 10:1 at 200 ℃ onto Trace-2000 GC
(America Thermal ), equipped with a 30-m HP-5 column
(i.d. 0.32 mm, 0.25 µm film thickness) and a Trace-DSQ
mass detector. Temperature of the ion source and the transfer line was 250 ℃. The oven temperature profile was
35 ℃ for 5 min, ramped at 25 ℃/min to 200 ℃, and held at
200 ℃ for 1 min. This method provided the excellent separation of the parent compounds and all chlorinated intermediates in a single run.

where C represent the concentration of chlorinated
hydrocarbons (µmol L-1), C0 is the initial concentration of
chlorinated hydrocarbons (µmol L-1), k is the observed
pseudo-first-order rate constant (h-1), calculated from linear
regression of ln(c/c0) vs. time to directly compare the reaction rate obtained from individual experiments, ρa is the
surface area concentration of Fe0 (m2 L-1), kSA is the surface area normalized rate constant (h-1.m-2. L).
Dechlorination of CF by Fe and Cu/Fe

Plot of ln(c/c0) versus time for the dechlorination of
CF by Cu/Fe is shown in Fig. 3. k for individual experiments was calculated from the plots (k is the slope of the
regression line of ln(c/c0) vs. time) to determine the effect
of the mass ratio of Cu to Fe on dechlorination of CF.
Dechlorination of CF occurred both in Fe and Cu/Fe reduction systems. The experimental results showed that k
was increased from 0.091h-1 to 0.43 h-1 with the changes
of Cu/Fe mass ratio from 0 to 0.2%. Cu/Fe bimetallic
reductant could dramatically enhance the reductive dechlorination rate of CF. It was probably due to the presence of
Cu on the surface of scrap-iron, which promoted the corrosion of scrap-iron and improved the reactivity of scrap
iron. In agreement with a previous study [18], Cu/Fe bimetallic reductant was more reactive than unamended iron
towards chlorinated hydrocarbons.
1

Cu/Fe=0%
Cu/Fe=0.051%
Cu/Fe=0.1%
Cu/Fe=0.2%

0
-1

ln(C/C 0 )
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RESULTS AND DISCUSSION

0

2＋

－

RClx ＋ Fe ＋H2O → RHClx－1 ＋Fe ＋OH ＋Cl

－

In the above equation, the reactants were RClx, Fe0
and H2O. Fe0 was solid and always superfluous for its less
consumption during the reaction process. Thus, there was
little change in the concentration of Fe0 and H2O. Reaction rate was strongly dependent on the concentration of
RClx. Transformation kinetics of hydrocarbons in water
could be expressed by a simple pseudo-first-order reaction
(eq. (1)):
dC
= −kt ;
dt

C = C0 e − kt ; ln C = −kt ; k= kSAρa
C0

(1)

20
time (h)

30

40

FIGURE 3 - Effect of mass ratio of Cu to Fe on
dechlorination of CF in aqueous system. The initial concentration
of CF was 100 µmol L-1. Lines represent pseudo-first-order model fit.

Evaluation of reaction kinetics

Many kinds of hydrocarbons could react rapidly with
Fe0 or Cu/Fe0 bimetallic reductant. Generally, these reactions could be expressed by the following reaction equation:

10

Dechlorination of other organohalides by Fe and Cu/Fe

To examine the influence of Cu loading on the reactivity of bimetallic reductants towards various organohalides, chlorinated hydrocarbons including CT, 1,1,1-TCA,
1,1,2,2-TeCA and HCA were studied. These chlorinated
hydrocarbons are widespread organic pollutants in the
groundwater and wastewater. Their dechlorination by Cu/Fe
bimetallic reductant followed the pseudo-first-order kinetics, and k was determined by linear regression of ln(c/c0)
versus time as above. All the rate constants and experimental conditions are summarized in Table 2.
In this batch test, results indicated that CT, 1,1,1TCA, 1,1,2,2-TeCA and HCA all could be removed rap-
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TABLE 2 - The surface area normalized rate constant kSA of chlorinated hydrocarbons by Cu/Fe.
Mass ratio of Cu to Fe
(%)
0
0.05
0.1
0.2

CF
0.073±0.0036
0.17±0.0084
0.27±0.014
0.34±0.017

CT

The surface area normalized rate constant kSA (×10 2 h-1.m-2.L)
1,1,1-TCA
1,1,2,2-TeCA
1.89±0.095
0.34±0.017
0.18±0.009
2.88±0.14
0.46±0.023
0.31±0.016
4.44±0.22
0.84±0.042
0.49±0.025
4.69±0.23
0.88±0.044
0.54±0.027

HCA
0.88±0.044
1.13±0.057
1.63±0.082
1.65±0.083

The initial concentrations of CT, 1,1,1-TCA, 1,1,2,2-TeCA, HCA were 100 µmol L-1 ,100 µmol L-1, 60 µmol  L-1, 50 µmol L-1, respectively, and the dosage of Fe0 or
Cu/Fe both was 50 g per 120 ml.

idly by Fe and Cu/Fe, and the presence of Cu could dramatically enhance the reaction rate. In general, the dechlorination rate constant could be increased by a factor of about
3, when using Cu/Fe bimetallic reductant instead of scrapiron (Fe) alone. The observed rate constants of various organohalides were specific, and their trend in reactivity was
CT＞HCA＞1,1,1-TCA＞1,1,2,2-TeCA. In general, the
reactivity of organohalides increased with increasing chlorination. Among tri- and tetra-substituted compounds, the
reactivity was higher for compounds with more chlorine
atoms on a single carbon (e.g. 1,1,1-TCA＞1,1,2,2-TeCA).
It has been previously shown that 1,1,1-TCA reacted with
Ni/Fe and Cu/Fe at a significantly faster rate than with iron
power alone [18]. The enhanced reactivity of Cu/Fe is in
accord with observations of reactions of chlorinated hydrocarbons by other researchers [24], while Kim [14] provided evidence that slower reaction rate was obtained with
amended iron, compared to iron toward pentachlorophenol.
Relationship between additive loading and reaction rate

The focus of this investigation was on the relationship
between Cu loading and dechlorination rate of various organohalides. The effect of Cu loading on the reaction rate
was studied using 100 µmol L-1 of CT and Cu/Fe with mass
ratios ranging from 0-1.2% to determine the optimal Cu
loading. Fig. 4 shows the plot of the pseudo-first-order rate
constant for CT removal versus mass ratio of Cu to Fe.

ratio of k(Cu/Fe) to k(Fe)

3
2.5
2
1.5

0.2%. However, when Cu loading exceeded 0.2%, the dependence of rate constant on Cu loading became weaker.
On the contrary, the reaction rate constant was decreased
with the increase of Cu loading at a mass ratio of Cu/Fe
higher than 0.6%. Bransfield and his coworkers [24] examined the relationship between Cu loading and the reactivity of Cu/Fe bimetal towards 1,1,1-TCA, and proposed
that “The dependence of pseudo-first-order rate constants
for 1,1,1-trichloroethane reduction on Cu loading exhibits
two distinct regimes. At Cu loadings less than 1 monolayer
equivalent, a pronounced increase in kobs is associated with
a corresponding increase in the two-dimensional surface
coverage of Cu. A weaker dependence of kobs on Cu mass
is exhibited at loadings in excess of 1 monolayer equivalent, which we ascribe to an increase in the volume of the
metallic overlayer.” From the above discussion, the optimal
mass ratio of Cu to Fe is about 0.2%.
Products and reaction pathway of dechloriantion
of chlorinated hydrocarbons in water by Cu/Fe

Parent compounds as well as intermediate and final
products of dechlorination were identified by GC/MS. Data
showed that all chlorinated alkanes tested in this study were
transformed to less-chlorinated alkanes or alkenes as intermediate species or final products. When the initial concentration of chlorinated alkanes was 50-100 µmol L-1, the dechlorination products were less-chlorinated homologues.
For example, DCM and CF were the major products of
CT dechlorinated by Cu/Fe. However, the more multiple products generated at high initial concentration of CT
(300 mg L-1), including DCM, CF, CT, PCE, HCA etc. Most
researchers agree that the first step of CCl4 transformation
is the one-electron reduction of CCl4 to give a trichloromethyl radical (·CCl3) and a chloride ion (eq (2)) [8]:
CCl4 + e- →·CCl3+ Cl-

1

(2)
+

In general, ·CCl3 can react with H to form CHCl3,
which is subsequently dechlorinated to CH2Cl2 (DCM) by
Fe0. Presumably HCA is formed by a coupling dimerization between two trichloromethyl radicals (eq (3)) [8]. HCA
might undergo reductive β-elimination to form C2Cl4 (eq
(4)). The importance of such coupling reactions would be
expected to be dependent on the concentrations of the parent compound, as higher initial CT concentrations should
give rise to higher steady-state concentrations of radicals:

0.5
0
0

0.2 0.4

0.6 0.8

1

1.2

1.4

Mass ratio of Cu/Fe (%)
FIGURE 4 - Effect of Cu loading on the reaction
rate of CT with initial concentration of 100 µmol L-1
and Cu/Fe bimetallic reductant dosage of 50 g per 120 ml.

The reaction rate was increased significantly with the
increase of Cu loading at mass ratios of Cu to Fe less than
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2·CCl3→C2Cl6
C2Cl6 + Fe0 → C2Cl4 + Fe2+ + 2Cl-

(3)
(4)
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TABLE 3 - Possible reaction pathways and potential major intermediates of chlorinated hydrocarbons with Cu/Fe.
Organohalides
CF

Possible reaction pathways
CHCl3+H++2e- →CH2Cl2+ClCH2Cl2+H++2e- →CH3Cl+Cl-

Potential products
CH2Cl2
CH3Cl

CT

CCl4+H++2e- →CHCl3+ClCHCl3+H++2e- →CH2Cl2+ClCH2Cl2+H++2e- →CH3Cl+ClCCl4 + e- →·CCl3+ Cl-, 2·CCl3→C2Cl6
C2Cl6 +2e- → C2Cl4 + 2ClH3C-CCl3+H++2e- →H3C-CHCl2+ClH3C-CCl3→CH2=CCl2+HCl

CHCl3
CH2Cl2
CH3Cl
C2Cl6
C2Cl4
H3C-CHCl2
CH2=CCl2

1,1,2,2- TeCA

CHCl2-CHCl2+2e- →CHCl=CHCl + 2Cl-

CHCl=CHCl

HCA

CCl3-CCl3+2e- →CCl2=CCl2+2Cl-

CCl2=CCl2

1,1,1-TCA

In previous investigations, bimetallic reductants, such
as Cu/Fe, Ni/Fe etc, could change product distribution in
comparison with Fe0 alone [8]. However, obvious change
in product distribution was not found in Cu/Fe system but
the reaction rate was increased in the experiment.
The possible reaction pathways and potential major intermediate products of all chlorinated hydrocarbons tested
in this experiment with Fe0 and Cu/Fe, presumably based
on the identification of products by GC/MS, are summarized in Table 3.
Reductive dehalogenation reactions are generally divided into two categories: hydrogenolysis (replacement of
the halogen atom by a hydrogen atom) and reductive elimination (two halide ions are released). Matheson and
Tratnyek [11] showed that hydrogenolysis of chlorinated
methanes was the dominant pathway in Fe0-H2O system,
and CF and DCM were the major products of carbon tetrachloride dechlorination. Roberts et al. [2] proposed that TCE
could be reduced by two-electron reductive β-elimination
to ethane and ethylene. More recently, Farrell et al. [25]
suggested that TCE reduction might occur either by electron transfer or by catalytic hydrogenation. For the chlorinated hydrocarbons studied in this research, reductive βelimination was the major pathway for the chlorinated
compounds possessing α,β-pairs of chlorine atoms. Chlorinated alkene was formed and, subsequently, dechlorinated
by Cu/Fe bimetallic reductant. For example, 1,1,2,2-TeCA
could be transformed to 1,2-drichloroethylene, and HCA
could undergo reductive β-elimination reaction to form
1,1,2,2-tetrachloroethylene. Reductive α-elimination and
hydrogenolysis were concurrent pathways for compounds
possessing chlorine substitution on one carbon only, forming less-chlorinated alkanes (e.g. CF, CT). However, coupling dimerization might occur to form HCA at higher initial concentration of CT.
Some of the intermediates, such as dichloromethane,
could be transformed to hydrocarbons if the reaction time is
extended. On the contrary, some of intermediate products
cannot achieve complete dechlorination in Fe and Cu/Fe
system, even after several days, such as dichloroethlyene.
In early researches [26, 27], these chlorinated intermediate

products might be dechlorinated to hydrocarbons to achieve
complete dechlorination by Pd/Fe catalytic reduction system, or by Pd catalyst and H2.
CONCLUSIONS
Results showed that CT, CF, 1,1,1-TCA, 1,1,2,2-TeCA
and HCA are dechlorinated by Fe and Cu/Fe reductants.
The chlorine substituent might be removed from the parent
compounds by the metallic reductant and released to water
as chloride ion. In general, the reactivity of organohalides
increased with increasing chlorination. Cu plated on the
surface of iron plays an important role to improve the reactivity of metallic reductants. Cu/Fe bimetallic reductant
could enhance the dechlorination rate dramatically and the
optimal Cu loading on the surface of scrap-iron was about
0.2% (w/w) of iron mass.
In summary, Cu/Fe bimetallic reductant has been proven
to be an effective alternative to zero-valent iron for remediation, particularly since Cu/Fe has been shown to react
more effectively than zero-valent iron on CF, CT, 1,1,1TCA,
1,1,2,2-TeCA, and HCA dechlorination. Furthermore, scrapiron or amended scrap-iron by Cu used as reductant has
more advantages than iron powder. This can be attributed
to (i) better reactivity and increased rate constant of dechlorination, (ii) no pretreatment (e.g acid washing) for scrapiron, and (iii) excellent material favourable for engineered
applications. This should facilitate the development of a
process that could be used for the design of Cu/Fe or Fe
reactors for the detoxification of chlorinated hydrocarbons
in groundwater or wastewater.
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ABSTRACT
Alexandroupolis Gulf is the recipient of the freshwater of the Evros River, the largest river system (in terms of
water supply) discharging into Eastern Mediterranean (NE
Aegean Sea) after the Danube River. Suspended particulate
matter (SPM) samples were collected from various depths, at
14 stations in Alexandroupolis Gulf during four periods
(June 1998, September 1998, February 1999 and March
2000) in order to examine the organic carbon, nitrogen and
trace elements contents. Although the values of the various parameters fluctuate strongly according to the sampling
period, there is a general trend of higher organic carbon
values in the deeper sectors of the water column. The seasonally adjustable seawater circulation in the gulf seems to
be the regulative factor of the surficial distribution of organic carbon and nitrogen, while calcium carbonate content seems to be connected with the presence of carbonate
marine organisms and the seasonal pattern of phytoplankton growth. Moreover, according to C:N ratio values, the
origin of carbon in the SPM of the gulf is mainly marine
and controlled by marine bacteria, phytoplankton and microalgae abundance. In addition, although the trace element
values in the Alexandroupolis Gulf SPM are lower than
those recorded in heavily polluted Greek areas, the calculation of Enrichment Factor derives high values in Cu (Enrichment Factor, EF: 37), Cd (EF: 33), Co (EF: 23), Zn
(EF: 22), Pb (EF: 13) and Cr (EF: 8), while Ni seems to be
unaffected by any human influence (EF: 1).

KEYWORDS: Trace elements; C:N ratio; suspended particulate
matter; Alexandroupolis Gulf; Evros River; Aegean Sea; BurgasAlexandroupolis pipeline.

INTRODUCTION
River runoff is one of the main sources of various types
of suspended particles in the coastal environment [1, 2].
Aluminosilicates are a significant component of the lithogenic part of suspended particulate matter (SPM) and are
relatively unreactive in the marine system [3]. However, due

to their high sorption capacity (caused by their large specific surface), they tend to absorb anthropogenic contaminants, such as trace elements. These pollutants generally
follow the dispersion of river SPM and, after escaping the
estuarine entrapment, they can be driven by seawater circulation, further physicochemical processes and biological uptake and finally become very dangerous for human health
[4]. For these reasons, the European Community suggests
a continuous monitoring of the fluvial pollutant loads via
the Water Framework Directive (2000/60/CE).
During the last twenty years, numerous studies dealing with riverborne trace elements have been published.
These investigations have mainly focused in the differentiation of naturally occurring values, from those occurring
due to human-induced activities (e.g. [5, 6]).
In marginal semi-enclosed seas characterized by low
tidal range (e.g. Aegean Sea), riverborne trace elements and
organic matter loads are mainly accumulated in the nearshore shelf area [7]. Therefore, North Aegean Sea may act
as a trap for high quantities of particulate material which
has escaped from large river estuaries located in Northern
Greece (e.g. Evros, Nestos, Strymonas, Axios, Aliakmonas
River estuaries). The Alexandroupolis Gulf is such an area,
characterized by the outflow of the Evros River, the most
important river discharging into the North Aegean Sea, in
terms of freshwater supply.
The purpose of this paper is to present new analytical
data for Cr, Co, Ni, Cu, Zn, Pb and Cd, such as to discuss
the origin and fate of organic matter in the suspended particulate matter of the Alexandroupolis Gulf. The results
from trace elements analyses have been expressed as Enrichment Factors (EF), where metal concentrations have
been normalized to average shale values [8], and have been
compared with recorded values in other Greek marine areas.
Finally, the data of the present study, in combination with
those of trace elements and aliphatic - polycyclic aromatic
hydrocarbons in the bottom sediments of the Alexandroupolis Gulf presented by Kanellopoulos et al. [9, 10],
may be used as a reference level for the status of the marine
environment before the commencement of the construction of the Burgas-Alexandroupolis oil pipeline. After the
completion of this project, the Alexandroupolis port will
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be the final station for the oil transhipment. This fact is
going to designate a new environmental status for Alexandroupolis Gulf and the entire Aegean Sea.
REGIONAL SETTING

the oligotrophic Aegean Sea [19]. The seasonal pattern of
phytoplankton growth in the Aegean Sea follows the cycle
of temperate areas with highest phytoplankton growth in
the spring, when light and nutrient availability are sufficient, while a secondary peak in phytoplankton biomass
occurs in the autumn.

Alexandroupolis Gulf is located in the inner part of the
Samothraki continental shelf (northeastern Aegean Sea)
and receives water and sediment discharges from Evros
River. Evros is a transboundary river (the second largest
one in Eastern Europe after the Danube River) springing
from the Balkan Mountains and mountain range of Rila in
Bulgaria (Figure 1). Samothraki continental shelf is extended to the north of the Northern Aegean Trough, where
depths exceed 1,500 m. Alexandroupolis Gulf is characterized by relatively shallow waters (depth <35 m) and,
generally, a smooth bottom morphology with low gradients
(<1%) (Figure 1). Only small areas in the SE and NW sectors of the gulf demonstrate bottom relief gradients varying
between 1-2%. Bottom sediments in the Alexandroupolis
Gulf are mostly fine-grained and oriented in a SE-NW direction parallel to the shoreline, while relict sands predominate in the outer part of the shelf [11, 12].
Mean annual water discharge of the Evros River in mid
1970’s was 103 m3/sec. Monthly values were ranging between 135 m3/sec and 239 m3/sec and the period of high
water discharge was between December and April [13]. Unfortunately, no sufficient recent water discharge data are
available. Moreover, the alignment of the river courses and
the construction of over 30 major dams and a large number of reservoirs throughout the river basin, have led to
significant reduction of freshwater and sediment fluxes
carried into the adjacent Alexandroupolis Gulf. The imprints of these anthropogenic interventions are detected in
the grain size distribution and the sedimentation rate of
the gulf sediments [9, 14].
The water circulation of the greater area is mainly controlled by the Samothraki Anticyclone, which develops in
the eastern part of the Samothraki Plateau and the Limnos
Trough (Figure 1) on a semi-permanent basis. The anticyclone forces a part of the surficial, lower salinity Black Sea
water (BSW) to move northwards and enter the Samothraki
Plateau and thus, acts as a trap for the BSW [15]. Besides,
the distribution of riverine material is also controlled by
the Coriolis force movement and the wind regime [16].
The ΝE Aegean Sea has been characterised as an overall oligotrophic environment in terms of both primary
productivity and chlorophyll α concentrations [17, 18].
Mesotrophic, low-salinity and relatively cold water
from the Black Sea, exits through the Dardanelles and
meets the oligotrophic, very saline and warm Aegean waters. The area exhibits significant horizontal variability in
chlorophyll concentrations and phytoplankton abundances.
The pattern of vertical distribution of chlorophyll is close to
uniform throughout the basin, with a deep chlorophyll
maximum (DCM) (~75-80 m), which is characteristic in

FIGURE 1 - Location map of (a) the Evros River catchment basin
and the north Aegean Sea (highlighted square represents the study
area; arrow indicates the Samothraki Anticyclon; dot line represents
the north Aegean Trough) and (b) the Alexandroupolis Gulf, showing
the bathymetry (depth contours in meters) and the sampling
stations (black circles).

MATERIALS AND METHODS
The present study was carried out based on a data collection undertaken during four seasonal cruises (June 1998,
September 1998, February 1999 and March 2000) of the R/V
Aegaeo which belongs to the Hellenic Centre for Marine
Research (HCMR). Locations of the sampling stations are
illustrated in Figure 1.
Water samples were collected at the surface, nearbottom and mid-waters, with GoFlo bottles (General Oceanics Inc.) mounted to a rosette frame. Surface waters
were sampled from 2 m depth. In the shallower stations
(depth < 12 m), only two water samples were taken, i.e.
from the surface and the bottom. In all the other stations,

434

© by PSP Volume 18 – No 4. 2009

Fresenius Environmental Bulletin

one more sample was also taken from the intermediate
nepheloid layer when this was observed in the light transmission profiles. Prior to sampling, the sampling bottles
were cleaned with detergent and then rinsed with metalfree water. During sampling the bottles were rinsed thrice
with each water sample.
For organic carbon, calcium carbonate content and nitrogen analyses in the particulate phase, ~0.5-2 lt of seawater
were filtered through pre-combusted, at 450oC, Whattman
GF/F filters (diameter 25 mm, nominal pore size 0.7 µm).
The filters were stored at -20 °C in the dark and prior to
the analysis they were dried at 60°C. For trace element
analyses, filter preparation was done according to Loring
and Rantala instructions [20]; the filters were soaked for 24 h
in 2 N HNO3, rinsed several times in Milli-Q water and then
stored in poly-carbonate Petri dishes. This preparation was
done in a laminar flow clean bench. About 1-8 lt of seawater (depending on the infiltration capacity) were filtered
on board, under low vacuum, through pre-weighed sterilized celluloseacetate filters (Millipore HTTP 04700: diameter 47 mm; pore size 0.45 µm). After rinsing with MilliQ water, the filters were dried, stored in a desiccator and
weighed at the laboratory in order to determine the particulate matter concentration (PMC).
The determinations of total carbon (TC), organic carbon (OC) and nitrogen were run on an elemental analyzer
(Fisons EA 1108 CHN), using acetanilide (C8H9NO) and
atropine (C17H23NO3) for instrument calibration. In order
to remove the inorganic carbon, the filters were acidified
with HCl 2N [21, 22, 23]. The particulate organic carbon
values were corrected on the basis of blank filter measurements. The precision of the method was within 5%.
Inorganic (carbonate) carbon is derived from the difference
between total carbon and organic carbon. Percent calcium
carbonate is then calculated as [(TC% - OC%) x 8.33] [21].
For the determination of particulate trace elements,
the filters were dissolved applying a 12-hour pressurized
digestion procedure (at ~100 oC) with HF and aqua regia
in SavillexTM PFA-Teflon vials. The extracts were totally
dried and the final solution (10 ml) was made up with 2%
(v/v) sub-boiled HNO3. Trace element concentrations were
determined by ICPMS and HR-ICPMS in the University
of Kiel (Germany). Besides, “blank filters” were used in
order to correct the trace element concentrations and to
certify the analytical methods. A “blank filter” analysis is
presented in Table 1. Analytical quality control procedures
also included the preparation of reagent blanks for ultrapure
Millipore Milli-Q water and acid used on-board, filtration
procedural blanks on-board with unloaded membrane filter,
duplicate SPM samples from one and two GoFlo bottles, preparation of digests of various international standard
reference materials for controlling accuracy, duplicate
analysis of samples and multiple replicate analysis of
one sample [24].
Enrichment Factor (EF) values for trace elements in
the SPM of the investigated area, were calculated using

TABLE 1 - Analysis of a “blank” filter
(calculated for 5 l sample volume, in pg/l).
Element
Chromium
Manganese
Cobalt
Nickel
Copper
Zinc
Lead

Isotope
Cr 52
Mn 55
Co 59
Ni 60
Cu 65
Zn 66
Pb 208

Blank
(pg/l)
32.15
10.43
8.154
7.978
6.668
56.20
3.922

scandium (Sc) as the reference element [4, 25, 26]. EF
values were calculated using the following equation: EF =
([El]/[Sc])spm : ([El]/[Sc])as, where [El]spm is the content of
the chemical element in question in the SPM; [Sc]spm is the
content of Sc in the SPM; [El]as and [Sc]as are the contents
of the element in question and of Sc in the average shale [8].
In addition, some collected samples of SPM were goldcoated and observed under a Philips XL-20 scanning electron microscope (SEM) equipped with an EDAX microanalyzer.

RESULTS AND DISCUSSION
The minimum and maximum values of particulate organic carbon, carbonate content, nitrogen and trace elements
in the SPM are presented in Table 2 (presented results include all sampling periods). Also, Table 3 presents the
maximum enrichment factor (EF) values of the suspended
particulate matter for the four sampling periods of this
study, as well as for the sediments of the Alexandroupolis
Gulf according to Kanellopoulos et al. [9].
Organic carbon, calcium carbonate, nitrogen and C:N ratio

Particulate organic carbon (OC) values varied between
45.7 µg l-1 (June 1998, EV2, 2 m) and 225 µg l-1 (February
1999, EV2, 2 m); February 1999 also presented the highest mean OC value (126 µg l-1). During June and September 1998, OC tends to increase with depth and decrease
away from the estuary in the majority of sampling stations,
while in February 1999 a reverse trend may be observed.
High OC values during February 1999 recorded in the remote stations are due to the water circulation of the area for
this season, when the riverine waters are restricted in the
inner part of the gulf [16].
Calcium carbonate content (CCC) values in the SPM
ranged between 2.83 µg l-1 (September 1998, EV3, 10 m)
and 661 µg l-1 (February 1999, EV2, 2 m). February 1999
was again the more enriched season in terms of CCC with
mean value 190 µg l-1, thrice the mean value of June 1998.
This is attributed to the increased presence of carbonate
marine organisms during this period, as evidenced by SEM
observations.
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TABLE 2 - Minimum, maximum and mean values of organic carbon (OC), calcium carbonate content (CCC), nitrogen (N),
C:N ratio and trace elements in the suspended particulate matter of the Alexandroupolis Gulf during four sampling periods.

Season/
Variable
OC
CCC
N
C:N
Mn
Cr
Co
Ni
Cu
Zn
Pb
Cd

µg l-1
µg l-1
µg l-1
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

June 1998
min
max
45.7
194
10.3
161
9.89
21.2
7.06
9.18
1,156
3,327
89
183
31.6
100
4.38
39.6
69.1
209
160
423
30.6
108
0.537
1.69

mean
99.9
61.4
15.2
8.0
1,960
141
60.5
21.2
130
318
61.9
0.953

September 1998
min
max
51.9
145
2.83
414
9.82
21.7
4.56
11.25
640
1,607
82.7
279
14.4
73.8
0.4
276
60.9
569
135
539
52.4
105
0.192
1.61

February 1999
min
max
70.8
225
39.6
661
9.39
52.0
4.32
7.54
52.7
2,632
8.35
254
4.55
66.4
1.24
93.9
8.01
140
14.4
543
1.4
137
0.064
1.46

mean
91.9
94.3
15.0
6.24
1,100
172
37.2
67.7
218
332
68.7
0.845

mean
126
190
22.7
6.0
920
77.6
26.7
30.5
55.9
157
36.3
0.50

March 2000
min
max
72.7
3,021
50.3
311
5.71
57.1
21.2
188
23.3
252
108
1513
36.5
271
0.329
2.93

mean
975
184
29.6
60.8
81,7
477
95.8
1.01

TABLE 3 - Maximum trace elements enrichment factor (EF) values of
the suspended particulate matter and the sediments of the Alexandroupolis Gulf.
Season/
Element
Cr
Co
Ni
Cu
Zn
Pb
Cd

June 1998

September 1998

February 1999

March 2000

8.1
22.6
0.5
23.1
22.2
13.4
32.6

8.3
11.5
1.0
37.4
16.8
11.5
21.7

8.1
22.6
0.7
23.2
22.1
13.4
32.6

2.6
2.3
1.1
2.4
15.2
10.4
9.4

Particulate nitrogen (N) values demonstrate a similar
trend with that exhibited by OC, specifically in February
1999, when the correlation coefficient between these two
parameters was too high (R2 = 0.97). Minimum and maximum N values are both observed in Station EV2 during
February 1999; 9.39 µg l-1 at 32 m depth (bottom) and
52.0 µg l-1 at 2 m depth (surface), respectively.
There are no organic carbon, calcium carbonate content and nitrogen analyses during March 2000, due to filter
destruction during analysis.
Carbon to nitrogen (C:N) ratios have been used extensively in order to identify the sources of carbon and the
degree of degradation of organic matter (e.g. [27-30]. Woody
plant tissues, poor in nitrogen, have a high C:N ratio (50 100) tending to preserve well. According to Hedges et
al. [31], the C:N ratio for the terrestrial organic matter
ranges from 20 to 200. Moreover, Prahl et al. [32] argue that
a high C:N ratio with values up to 12-14 indicates terrestrial
origin for the organic matter. On the other hand, other researchers suggest that the fresh matter in which phytoplankton carbon predominates in the total particulate carbon pool, has low C:N value [33]. In particular, fresh phytoplankton and bacteria exhibit an average C:N ratio of 7 and
4, respectively [34]. In addition, Müller [35], Hamilton &
Hedges [36] and Elser et al. [37] propose a C:N ratio of
up to 6 for marine bacteria and microalgae. Intermediate
values of C:N ratios may indicate both terrestrial and
marine origin of organic matter.

Sediment[9]
1.2
1.1
2.2
2.0
16.2
6.0

The results of the present study have shown that the
C:N ratios in the SPM of Alexandroupolis Gulf varied between 4.3 (February 1999) and 11.2 (September 1998), while
the mean annual value is 6.6. This implies that the origin of
carbon in the gulf is mainly autochthonous (marine). Minor
differences observed in the mean C:N values between the
various sampling periods, may be attributed to slightly
higher terrestrial inputs during June 1998 (mean C:N ratio
of 8.0) and increased presence of marine organisms (e.g.
phytoplankton) during February 1999 (mean C:N ratio of
6.0). As mentioned above, increased presence of marine organisms during February 1999 has been verified under
SEM observations. The above calculated C:N ratios illustrate that the majority of the particulate organic matter (and
carbon) is autochthonous and can be produced either in the
estuary of the Evros River or the neighboring coastal zone.
According to previous studies [9, 12], C:N ratios of the
bottom sediments of the Alexandroupolis Gulf range from
6.6 to 16.0, with their mean value being 11.0. The comparison of the aforementioned values with the values of
the present investigation indicates that the origin of carbon
in the SPM of the gulf is mainly biogenic (autochthonus),
whilst in bottom sediments it is principally lithogenic.
Generally, the variation of the C:N ratio between two
samples may be considered as an indicator of lithogenic
particles or marine organisms predominance in the SPM.
In particular, higher C:N value is an evidence of increased
amounts of lithogenic particles, whilst lower C:N values
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is an indication of increased presence of biogenic particles. This is clearly shown in the following example:
In September 1998, C:N ratio in EV2 is 11.25 at 2 m
and 5.17 at 35 m, whilst particulate matter concentrations
(PMC) are 0.21 mg l-1 and 1.11 mg l-1, respectively (PMC
values have been obtained from [16]). Therefore, considering these values, larger amounts of lithogenic particles
should be expected in the surface (2 m) of the water column. On the contrary, biogenic particles should predominate in the water depth of 35 m. This becomes obvious
during the SEM observations (Plate I). Plates I-A and I-B
(water depth of 2 m) show that particulate matter consists
mainly of terrestrial particles (aluminosilicates, calcite and
quartz grains), while the amount of biogenic debris is
minimal, mainly represented by skeletal remains of Chaetocerus spp. and other diatoms. In contrast, at the water
depth of 35 m (Plates I-C and I-D), the quantity of skeletal
remains of various species is quite higher. In addition, at
the same depth, the lithogenic phase is also increased, but
this happens since PMC is over-quadrupled. In general, the
micro-phytoplankton community involved diatoms, dino-

flagellates and coccolithophores. Diatoms were the dominant group of phytoplankton found in the area throughout
the sampling periods. The most frequently found diatom
species were Nitzschia seriata, Rhizosolenia fragilissima,
Leptocylindrus danicus and Skeletonema costatum. Amphidinium sp. represented the dinoflagellates group, while
Calyptrosphaera globosa, Emiliania huxleyi and
Rhabdosphaera tignifer were the dominant coccolithophores species [19].
Finally, microalgal abundance in a sample can be assessed by the particulate OC:Chl-a ratio; fresh autochthonus microalgae are characterized by values <40. In
general, mean integrated values of the phytoplanktonic
biomass concentrations (chlorophyll-α) over the euphotic
zone in the the Samothraki continental shelf during the
sampling periods ranged between 0.04–0.50 mg m-3 [19].
OC:Chl-a ratio in Station EV3 varied between 291 and
1484. These values are much higher compared to those of
fresh microalgae, thus, this may explain the abundance of
detrital organic matter or heterotrophic microorganisms in
the SPM of the study area [33, 38].

A

B

C

D

PLATE I - Scanning electron microscope images of suspended particulate matter on filters of the Alexandroupolis Gulf. (A and B) September 1998 / EV2 / 2 m; predominance of lithogenic particles (aluminosilicates, calcite and quartz), minor presence of skeletal fragments of
diatoms (mainly Chaetocerus spp.) in general low SPM waters. (C and D) September 1998 / EV2 / 35 m; abundance of SPM, high presence of
unbroken skeletal fragments (e.g. diatoms, silicoflagelates) in a lithogenic particles substrate.
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Evaluation of the particulate heavy
metal load in the Alexandroupolis Gulf

Chromium (Cr) values range from 8.35 ppm (µg/g)
(February 1999, EV2, 2 m) to 311 ppm (March 2000, EV2,
38 m). In Station EV1 near the estuary, Cr values are rather
uniform (130 – 154 ppm) during all sampling periods,
except in February 1999 (18.3 – 33.7 ppm), in both surface and bottom waters. Low Cr values during February
1999 may be explained by the high river discharge and the
associated with it dilution process. Likewise, all analyzed
trace elements present low values in the same station for
the same period. Maximum suspended particulate Cr values were almost thrice higher than the bottom sediment
values (max: 117 ppm). Furthermore, the Enrichment Factor (EF) of Cr (Table 3) in the SPM attains 8.3 (September
1998), while the maximum EF value in the sediments of the
Alexandroupolis Gulf is only 1.2 [9]. March 2000 shows
low EF values (max 2.6), while June 1998 and February
1999 have values comparable to the September 1998 ones
(max 8.1).
Cobalt (Co) values vary between 4.55 ppm (February
1999, EV2, 2 m) and 100 ppm (June 1998, EV2, 2 m).
During winter, mean Co values are minimal; in February
1999 and March 2000, Co obtained values of 26.7 ppm)
and 29.6 ppm, respectively. No comparison between the Co
values in the SPM and the sediments can be done since
there are no recorded Co data in the sediments of the gulf.
Enrichment factor in SPM reach values up to 22.6 during
June 1998 and February 1999, while March 2000 seems
to be a relatively poor period (max EF 2.3).

higher than those recorded in the sediments of the gulf
(max: 136 ppm). Although maximum EF in the gulf’s
sediments is only 2, a value of 22.2 is attained in the SPM.
Finally, Zn EF values are high during all the sampling
periods (higher than 15.2 recorded in March 2000).
Lead (Pb) maximum value was observed during March
2000 (271 ppm, EV11, 2m). In June and September 1998
moderate values were appeared, which are similar with
those in the gulf’s sediments (max: 80 ppm), while minimum Pb values (mean: 36.3 ppm) are recorded in February 1999. Enrichment factor of Pb in the SPM is high
during all the sampling seasons and attains a value of 13.4
(June 1998 and February 1999). This value was recorded
in Station EV3 which is the most remote station from
both the estuary of the Evros River and the city of Alexandroupolis. This fact is consistent with the aspect of
atmospheric transport of Pb supported by other researchers [e.g. 39, 40]. Finally this value is somehow lower than
the maximum one recorded in the sediments of the Alexandroupolis Gulf (16.2).
Cadmium (Cd) obtained its minimum value (0.064
ppm) in February 1999 (EV2, 2 m) and its maximum one
(2.93 ppm) in March 2000 (EV11, 2m). Generally, mean
SPM Cd values are similar to the sediment ones (max:
0.816 ppm) for all sampling seasons. In contrast, Cd EF
values are much higher in the SPM (32.6 in June 1999
and February 1999) than those recorded in the gulf’s
sediments (6.0).

Copper (Cu) values are generally enhanced in the water
column of the gulf. Minimum value (8 ppm) was recorded
in February 1999 (EV2, 2 m), while maximum value
(569 ppm) was recorded in September 1998 (EV3, 10 m).
In general, winter months exhibit low Cu values in relation
to the summer ones, when mean value reach 218 ppm. This
value is also much higher than the maximum value (55 ppm)
observed in the bottom sediments of the gulf. Maximum
EF of Cu in the SPM is much higher (37.4 during September 1998) than the sediments’ one (2.2). June 1998 and
February 1999 show likewise high EF values (23.2), while
March 2000 follows the trend of Cr, Co and Ni, with relatively low EF values (max 2.4).

Consequently, EF values in the SPM of the Alexandroupolis Gulf differ sufficiently from the bottom sediment ones (data obtained from [9]). While high EF values
are recorded for most of the analyzed trace elements (Cr,
Cu, Zn, Pb and Cd) in the SPM, the sediments of the gulf
seem to have enriched values only for Pb and Cd. Besides, while Pb EF values in the SPM and the sediments
are comparable, Cd EF values in the bottom sediments are
much lower than the SPM ones. Thus, only a small part of
the trace element load of the water column is accumulated
in the sediments, an aspect also supported by Kanellopoulos et al. [16]. According to the aforementioned study, most
of the riverine material and the associated pollutants
are subjected to various hydrological forces, such as
the Samothraki anticyclone, are transferred away from the
Alexandroupolis Gulf and are finally dispersed in the NE
Aegean Sea. Another explanation for the diminished EF
values in the sediments of the gulf may be the early-diagenetic processes. However, considering that there is no
evidence of early-diagenesis in the upper layers of the
sediments in the Alexandroupolis Gulf [9], the role of this
statement is, if any, of minor importance.

Zinc (Zn) distribution demonstrates great similarities
with that of Cr. Zinc values vary between 14.4 ppm (February 1999, EV2, 2 m) and 1,513 ppm (March 2000, EV11,
2m). In general, March 2000 shows maximum mean value
(477 ppm); maximum values are mainly observed in stations closer to the estuary and are an order of magnitude

The comparison of the trace element absolute values
in the SPM of the Alexandroupolis Gulf with the corresponding ones in other Greek marine areas (Table 4)
shows the following trend: Ni mean value is an order of
magnitude lower than the one recorded in other Greek
marine sites.

Nickel (Ni), in general, has shown low values. They
range from <1 ppm (September 1998, EV2, 2 m) to 276 ppm
(September 1998, EV3, 10 m); the latter value is probably
and outlier. Excluding this outlier, mean Ni values in both
SPM and bottom sediments are almost identical (~40 ppm).
Moreover, EF values of the SPM and the gulf’s sediments
are the same and attain 1.1.
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TABLE 4 - Maximum and mean values of trace elements (µg l-1) in
the suspended particulate matter of various sites of the Aegean Sea.
Area/element
This study
Max
Mean

Ni

Cu

Zn

Pb

Cd

0,201
0,0074

0,267
0,0890

1,45
0,377

0,327
0,0880

0,00349
0,00099

North Aegean Sea[41]
Max
Mean

0,12
0,02

0,27
0,03

0,67
0,08

0,17
0,013

0,001
0,0002

Thermaikos Gulf [42]
Max
Mean

0,70
0,10

0,30
0,06

1,1
0,21

0,09
0,05

0,009
0,002

Maliakos Gulf [43]
Max
Mean

5,89
1,76

10,8
0,65

21,8
3,80

11,8
0,80

0,17
0,02

Saronikos Gulf [42]
Max
Mean

7,10
0,62

2,11
0,23

7,1
3,1

1,2
0,14

0,2
0,02

Ionian Sea [42]
Max
Mean

0,40
0,034

0,22
0,02

0,83
0,12

0,19
0,016

-

-

4,70
0,29

14,8
2,44

1,74
0,22

-

1,14

0,16

1,13

0,11

-

Amvrakikos Gulf [44, 45]
Max
Mean
Acheloos River [46]
mean

Mean and maximum values of Cu, Zn, Pb and Cd are
comparable with those of other Greek areas, except the
heavily polluted gulfs, such as Saronikos, Maliakos and
Amvrakikos Gulfs, which exhibit rather increased trace
elements values.
CONCLUSIONS
Organic carbon, calcium carbonate content and nitrogen fluctuate strongly in the Alexandroupolis Gulf according to the water depth, the distance from the estuary
and the sampling period. However, organic carbon tends
to increase with depth and decrease away from the Evros
River estuary in June and September 1998, while during
February 1999, it presents high values in the remote stations, possibly due to the water circulation in the area
during this season. Moreover, particulate nitrogen values
demonstrate a similar trend with that exhibited by organic
carbon, specifically in February 1999. Calcium carbonate
content presents maximum values during February 1999,
apparently due to the increased presence of carbonate marine organisms during this period, as confirmed by scanning electron microscope observations.
Mean C:N ratios in the suspended particulate matter
of the Alexandroupolis Gulf indicate that the origin of
carbon in the gulf is mainly marine (autochthonous), con-

trolled by the marine bacteria, phytoplankton and microalgae abundance. Occasional increases in the C:N ratio may
be attributed to the higher terrestrial inputs during periods
of high river discharges.
According to Enrichment Factor calculations, the SPM
of the Alexandroupolis Gulf is highly enriched in Cd, Cu,
Co and Zn and moderately enriched in Pb and Cr, while Ni
seems not to be subjected to any anthropogenic enrichment. Thus, most trace elements are connected with small
particulates which are transported in the open sea following the general circulation regime, mainly driven by the
Samothraki Anticyclon, a quite stable hydrographic feature of northeastern Aegean Sea.
The comparison between the trace element values in
the suspended particulate matter of the Alexandroupolis
Gulf with those of other Greek marine areas showed that
Ni values are rather low, while mean and maximum values of Cu, Zn, Pb and Cd are comparable with the other
Greek sites, except the heavily polluted ones.
Finally, the imminent construction of the Burgas- Alexandroupolis pipeline could be an additional enrichment
factor in the already anthropogenic-influenced environment
of the Alexandroupolis Gulf and the adjacent Evros River
wetland, and thus, the implementation of the EU Water
Framework Directive 2000/60/EC (WFD) is indispensable.
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ABSTRACT

INTRODUCTION

In a laboratory study, alkaline phosphatase, arylsulphatase, β-glucosidase, catalase, urease activities and soil respiration were used as bioindicators of the Cd toxicity. The
metal was added to six agricultural soils as Cd(NO3)2
at 1000 mg·kg-1 rate. The soil samples were incubated at
25 °C and at 50% of the field capacity during a period of
28 days.
The addition of Cd lowered soil pH, with a general reduction of about 0.4 pH units below control values. The
ammonium acetate + EDTA extractable amounts of Cd
ranged from 70 to 87%. The greatest recovery of extractable-Cd was observed in the soil with the lowest pH,
the smallest in the soil with the highest level of carbonates. Generally, Cd contaminated soils showed reduced
enzyme activities and respiration rates. In the soil with the
highest level of organic matter the biochemical parameters were less sensitive to Cd addition. No strong relationship was ob-served between extractable Cd content and the
degree of in-hibition of the examined biochemical activities.
The amount of decrease in enzyme activity differed
among enzymes with catalase, alkaline phosphatase and
arylsulphatase being the most affected by Cd addition.
Cadmium reduced soil respiration, on average 75%, in
all the contaminated soil samples and changed the pattern
of CO2 evolution from soils. Patterns of control soils were
described adequately by the first-order model while the
zero-order model better described C mineralization in the
Cd contaminated soils.
The data suggest that in Cd contaminated soils very
common biochemical properties, representing the functioning of the ecosystem, decreased. The results chiefly indicate that alterations of the microbial parameters, particularly catalase, alkaline phosphatase, arylsulphatase and soil
respiration, allowed useful quantification of soil disturbance
by Cd and can be recommended for monitoring Cd contamination of soils.

KEYWORDS: agricultural soil; cadmium; contamination; soil
enzyme activities; soil respiration.

In recent years several researches documented the harmful effects of heavy metal contamination of agricultural soils
due to agricultural practices on soil microbial activity [1-3].
Among the various heavy metals responsible for soil contamination, Cd is one of the most important. High cadmium
concentrations in fertilizers may lead to elevated levels of
cadmium in soils, which consequently lead to a higher uptake in crops. The annual rate of cadmium input to arable
land from phosphate fertilizers has been estimated at 5 g/ha
for the countries of the EEC [4].
Although soil heterogeneity makes difficult to establish universal toxicity levels [5], there has been a growing
interest in protecting soil functions, which requires a quantitative assessment of toxicity factors influencing soil processes mediated by microorganisms. The protection of soil
biochemical processes is important for sustaining soil fertility and quality in the ecosystem. Moreover, in order to support recommended maximum metal concentrations in soils,
there is a need to identify indicators that could be used to
evaluate Cd-induced effects on soil quality and assist land
managers in promoting long-term sustainability of agricultural systems.
Soil respiration is one of the most frequently used parameters to quantify the effects of metals on the total microbial activity of soils and several studies have shown that
soil respiration was reduced in soil amended with Cd [6, 7].
Many soil enzymes have also been suggested as biochemical indicators of soil quality because of their essential role in soil biology, ease of measurement and rapid
response to agronomic practices such as fertilization and
pesticide addition [8]. They have been found to be sensitive
to heavy metals [9-11] and can be used as a toxicity test
[12]. Although the use of biochemical activities as indicators of metal stress seems to be an attractive approach for
its simplicity, the variability in biochemical activities due to
other soil parameters may be greater than the effects attributed to metal contamination [13, 14].
Sustainability of ecosystems require sound microbial
processing of nutrients in soil and the stability and function of metal-contaminated soils is influenced by the ex-
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tent to which soil microbial processes are inhibited by the
heavy metal contamination.
The objective of the work was to assess utility of measuring either C mineralization and enzyme activities involved
in C, N, P and S cycling for assessing Cd influence on soil
quality.
MATERIALS AND METHODS

g-1h-1) [18], β-glucosidase (µg paranitrophenol g-1h-1) [19],
urease (µg NH4+-N g-1h-1) [20] and catalase (% O2 g-1 3 min-1)
[21] were determined.
The results reported are the means of determinations
made on three replicates. Analysis of variance was performed and means were separated with a least significant
difference test at the 5% level. All data were expressed on
the basis of oven-dry weight of soil.
C mineralization

Six agricultural soils from various areas of Tuscany
were examined (Table 1). The soils were selected to provide
a range of pH values and of organic matter and clay contents. The soil samples, collected from the top 5-15 cm
and consisting of 20 cores measuring 2.5 cm dia x 10 cm,
were air-dried and passed through a 2 mm sieve. Any large
root fragments found after sieving were discarded, along
with soil particles larger than 2 mm. Granulometric composition and pH were determined according to the SISS [15].
Organic carbon was determined by dry combustion (60
seconds at 1350°C by induction furnace 900CS, ELTRA).
On fresh sieved soils samples, stored at 4°C, within
a week from the collection, a solution of cadmium as
Cd(NO3)2 was sprayed over a thin layer of soil at a concentration of 1000 mg·kg-1 on the basis of oven-dry weight
of soil. Soils were then mixed thoroughly to obtain an
even distribution of added Cd. Homogeneous Cd treated
soils and control were subdivided into three portions for
replications. The samples were kept at 25 °C and at 50%
field capacity during an incubation period of 28 days. At
the end of the incubation, soil pH measurement was carried out to check for the pH change resulting from the Cd
amendment. The pH of control soils after incubation were
unchanged.
After incubation, the available form of Cd was extracted for 1h with 0.5 M ammonium acetate + EDTA
solution at pH 4.65 [16]. The extracts were separated by
centrifugation at 8000 rpm and the heavy metal analysed by
atomic absorption spectroscopy. In all the soils the amount
of the native Cd was negligible and, for this reason, ignored.
Enzyme assays

The activity of alkaline phosphatase (AP) (µg paranitrophenol g-1h-1) [17], arylsulphatase (µg paranitrophenol

A short-term aerobic incubation procedure was used to
determine the potential of the soils to mineralize organic C;
100 g of soil were incubated at 22oC and moistened to
50% of the maximum water holding capacity in 300 ml
glass containers closed with rubber stoppers. Glass vials holding 20 ml of 0.5N NaOH were placed in the containers to
trap the evolved CO2. The decomposition was monitored
daily between the 1st and 28th day of incubation, measuring the CO2 evolution. The excess alkali was back-titrated
with standard 0.5N HCl after precipitating the carbonate
with 1.5M BaCl2 solution. Daily opening of the bottles to replenish the NaOH for CO2 absorption prevented any inhibition of decomposition owing to lack of oxygen.
The experiment was performed in two replicates; the
mean coefficient of variation, i.e. the standard deviation
as percent of the average values, was always lower than 3%.
A non-linear least-square regression analysis was used to
calculate parameters from cumulative data of C- mineralization.
RESULTS AND DISCUSSION
Table 1 shows that large amounts of total Cd content
were extractable by 0.5 M ammonium acetate + EDTA
solution at pH 4.65 from soils, with values ranging from
700 to 875 mg kg-1. This is indicative of high metal availability, assuming that the ammonium acetate + EDTA– extractable fraction represents the water-soluble, exchangeable and bound to organic matter metal pools, which are
considered the main part of the available Cd pool in soils
[22]. The greatest recovery of extractable-Cd was observed
in soil n.5, the soil with the lowest pH (5.8). As reported
by Andersen et al. [23], under acidic conditions Cd solubility increases and very little adsorption of the metal by
soil colloids takes place. The smallest recovery of cad-

TABLE 1 - Main characteristics of the six soils used for the laboratory contamination with cadmium.
Soil
1
2
3
4
5

Nomenclature
Typic xerorthent
Typic xerorthent
Typic fluvaquent
Typic xerochrept
Typic xeropsamment

Sand
g·kg
204
618
438
253
939

Silt

Clay

Organic C

CaCO3

C/N

pH

533
215
402
619
26

263
167
160
128
35

7.9
10.4
111.0
23.2
5.4

23
2
3
139
0

3.7
14.9
13.9
8.9
7.8

7.8
8.1
6.0
7.9
5.8

-1

443

pH
Total Cd
(contaminated)
mg·kg-1
7.6 a
0.30
7.4 b
0.65
5.7 c
0.70
7.7 a
0.30
5.6 c
0.20

Extracted Cd after
contamination
mg·kg-1
715 d
855 b
765 c
700 e
875 a
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235

213

18.8

80

9.9

8.2

7.6 a

0.70

775 c

Means in the same soil that do not contain the same letter are significantly different at 5% level, according to LSD’F multiple range test.

mium was in soil n. 4, with the highest level of carbonates
(139 g kg-1). Accordingly, available Cd concentrations have
been shown to be limited by Cd carbonate in neutral and
alkaline soils [23].
According to the findings of Stuczynski et al. [24], no
significant correlations between the amounts of extractable
Cd and organic C content were detected, even though the
organic C pool of soil is reported to play a significant role
in control of Cd mobility [25][26]. The differences observed
among soils in ability to bind Cd may be rather explained
by the negative relation between fine particles (silt plus
clay) content and Cd-extractable form (r = -0.939, P =
0.05). As reported by Ma and Rao [27] and Martinez and
McBride [28], sorption by fine mineral particles may reduce the mobility of the heavy metals in soil.

a poor amount in organic matter, the enzyme activities were
strongly inhibited by metal application. Accordingly, soil
n.5, the most acidic soil characterized by the lowest amount
of organic matter and finest particles (Table 1), had the most
important inhibition of both arylsulphatase and catalase
activities, with mean values of activity 44 and 45% respectively those of the controls on day 0.

According to previous results of Saviozzi et al. [7] and
Aoyama and Nagumo [29], the reduction of pH due to Cd
addition below control values was limited, on average about
0.4 units (Table 1). The lowering of the pH values by addition of the metal was apparently unable to influence the
enzyme activities in soil (Table 2). This is confirmed by the
lack of significant correlations between the enzyme activities and changes in pH (∆ pH).
Furthermore, while Speir et al. [30] observed that the
enzyme activities declined and fell markedly only below
pH 5, in our experiment pH values were, in any case, higher
than 5.5.
Between uncontaminated soils, the highest levels of all
the enzyme activities were in soils n.3, n.4 and n.6 (Table
2), showing the greatest content of organic matter. The
lowest values were in soil n.5, a soil with the lowest pH,
the lowest amount in organic matter and fine particles.
The enzyme activities were generally reduced in all the
contaminated soil samples compared to the relative controls
(Table 2), indicating that the high Cd concentration (1000
mg·kg-1) used in this research determines a decrease of
the biochemical processes. Data of this research are in
accordance with most of the literature, which reports
inhibitory effects on soil biochemical activities by high
levels of Cd addition [5][31]. However, according to the
findings of Stuczynski et al. [24], no strong relationship
was observed between the measured levels of ammonium
acetate + EDTA extractable Cd (Table 1) and the degree of
inhibition. Indeed, available Cd correlated only with the
inhibition of arylsulphatase activity when examined immediately after metal addition (r = 0.811, P = 0.05). The
general lack of correlations between available Cd and
enzyme activity in-dicates that the interactions may not
directly depend on the Cd activity, which is the oftensuggested mechanism of microbial process exposure to
metal contamination.
Notably, responses of enzymes to Cd addition differed
markedly between soils. McBride [32], Luo and Christie
[33] and Saviozzi et al. [34] found that in sandy soils, with
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TABLE 2 - Enzyme activities during incubation in the six soils.
soil
1
2
3
4
5
6

soil
1
2
3
4
5
6

soil
1
2
3
4
5
6

soil
1
2
3
4
5
6

soil
1
2
3
4

control
contaminated
control
contaminated
control
contaminated
control
contaminated
control
contaminated
control
contaminated

Catalase (% O2 / g · 3min)
day 0
7 days
1.75 a
1.46 c
1.55 b
1.35 d
1.20 a
1.00 b
1.06 b
0.69 c
1.77 a
1.38 bc
1.58 ab
1.27 c
2.83 a
2.54 b
2.39 c
2.13 d
0.11 a
0.12 a
0.05 bc
0.06 b
3.20 a
2.84 b
2.56 c
2.25 d

ß-glucosidase (µg p-nitrophenol / g · h)
day 0
7 days
control
78.40 a
58.22 c
contaminated
74.42 b
49.12 e
control
102.93 a
77.05 c
contaminated
97.44 b
69.87 d
control
125.92 a
124.76 a
contaminated
117.75 b
124.75 a
control
133.59 a
100.69 b
contaminated
136.98 a
104.23 b
control
34.81 a
14.08 c
contaminated
30.52 b
12.32 cd
control
150.31 d
217.43 a
contaminated
116.76 e
192.73 b

control
contaminated
control
contaminated
control
contaminated
control
contaminated
control
contaminated
control
contaminated

Urease (µg N-NH4 / g · 3h)
day 0
7 days
11.97 b
13.58 a
8.23 c
5.37 d
4.56 a
5.12 a
3.73 b
2.52 c
6.68 a
5.65 ab
5.58 ab
1.58 b
26.58 a
27.66 a
12.01 c
18.43 b
1.43 ab
1.64 ab
1.38 b
1.75 ab
41.99 a
38.55 a
17.38 c
16.20 c

28 days
1.05 e
0.87 f
0.68 c
0.45 d
0.87 d
0.66 d
1.63 e
1.15 f
0.11 a
0.02 c
2.19 d
1.10 e
28 days
54.04 d
45.87 f
71.71 d
63.95 e
127.04 a
118.95 b
89.07 c
83.74 c
12.05 de
10.18 e
211.89 a
167.47 c
28 days
9.04 c
3.89 e
4.76 a
1.42 d
2.82 ab
2.57 ab
17.57 b
7.34 d
0.85 c
1.84 a
24.78 b
7.78 d

Phosphatase (µg p-nitrophenol / g · h)
day 0
7 days
control
3.34 a
3.10 a
contaminated
3.24 a
1.26 b
control
3.77 ab
3.20 b
contaminated
1.47 c
1.26 cd
control
6.27 cd
6.99 bc
contaminated
5.33 d
8.79 a
control
5.31 b
5.84 ab
contaminated
4.30 c
3.65 d
control
0.71 a
0.18 c
contaminated
0.44 b
0.14 c
control
5.10 b
6.88 a
contaminated
2.20 c
1.93 c

28 days
2.75 a
1.00 b
4.17 a
0.85 d
7.73 ab
6.70 bcd
6.08 a
2.84 e
0.32 bc
0.17 c
6.71 a
1.34 c

Arylsulphatase (µg p-nitrophenol / g · h)
day 0
7 days
control
32.22 a
30.24 b
contaminated
28.85 c
22.51 e
control
32.06 a
25.09 c
contaminated
24.51 c
17.72 d
control
78.54 b
55.70 c
contaminated
161.44 a
71.02 b
control
44.19 a
43.46 ab

28 days
32.06 a
24.39 d
29.48 b
18.21 d
28.28 d
24.32 d
45.71 ab
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42.69 b
2.16 a
0.95 c
54.17 b

36.02 c
1.18 c
0.28 d
48.96 c

36.37 c
1.59 b
0.43 d
59.05 a

contaminated
41.20 d
36.00 e
39.63 de
Means in the same soil that do not contain the same letter are significantly different
at 5% level, according to LSD’F multiple range test.

Soil 4

Soil 1
75

control
contaminated

30

C-CO2 mg/100g

C-CO2 mg/100g

40

20

10

control
contaminated

50

25

0

0
0

7

14

21

0

28

7

14

28

Soil 5

Soil 2
15

50

control
contaminated

40

C-CO2 mg/100g

C-CO2 mg/100g

21

days

days

30
20

control
contaminated

10

5

10

0

0
0

7

14

21

0

28

7

14

days
100

control
contaminated

C-CO2 mg/100g

C-CO2 mg/100g

150

100

50

0
7

14

28

Soil 6

Soil 3

0

21

days

21

control
contaminated

75
50

25

0

28

0

days

7

14

21

28

days

FIGURE 1 - Graphic trends of cumulative CO2 evolution during incubation of the six soils.

In a very few cases, stimulatory effects of Cd were
observed, especially for soil n.3, the soil with the highest
level of organic matter. However, as reported by Stuczynski et al. [24], such effects are not necessarily indicative of
a lack of negative effect of the metal on microbial processes, because of the promotion of growth of resistant species
by feeding on cell debris of sensitive microbial populations.
According to the findings of Levi-Minzi et al. [35],
each of the enzyme activity of untreated soils had a wide
range of values (Table 2), although soils were sampled on
a regional limited scale. It is interesting to note that the
metal addition reduced generally the range of enzyme ac-

tivities, so decreasing the differences in enzyme activity
between the six soils.
The trend of the enzyme activities during the incubation shows a decrease of values in the control soil, probably due to decreasing availability of degradable substrates.
Catalase, alkaline phosphatase and arylsulphatase activities were the most inhibited by Cd with mean values of
activity 79-60%, 68-44% and 99-66%, respectively, those
of the controls on days 0 and 28. The corresponding values
for β-glucosidase and urease were 92-87% and 70-75%,
respectively, indicating very little changes during incubation.
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Cumulative amounts of C mineralized in the six soils
at the end of the 28-day incubation period were determined
(Table 3). Values varied considerably among soils, ranging
from 13.4 for soil n.5 to 119.9 mg 100g-1 for soil n.3, indicating the influence of soil type on the mineralization
rate. The amount of CO2 evolved during the incubation
period was substantially reduced, on average 75%, in all
the contaminated soil samples. The reduction of CO2 release may indicate a inhibition of microbial activity, which
could be explained in terms of difficulty of adaptation of
the microbial community in the soil to the heavy metal.
Similar to catalase and arylsulphatase activities, the greatest inhibition, of about 90%, was in soil n.5, low in fine
particles and organic matter and showing the greatest recovery of available Cd. Soil n.3, with the highest level of organic matter, was the least sensitive to Cd addition.
Soil respiration is, as expected, highly influenced by
the amount of soil organic matter, as is demonstrated by
the positive correlation (r = 0.984, P = 0.05) between the
content of soil organic C and the cumulative amount of
CO2 evolved from the contaminated soils. Also the response to Cd inputs in soil respiration seems to depend on
the soil organic C, whose protective role is demonstrated
by the strong reduction of respiration inhibition with the
increasing soil organic matter content (r = -0.876, P =
0.05). However, the role played from the organic C in
buffering the Cd toxicity is difficult to explain. Ma and
Rao [27] and Martinez and McBride [28] reported that
heavy metals entering soil reduce their mobility through
binding mechanisms such as sorption by organic matter.
Instead, in our study, as previously observed, the organic
C content did not explain the different amount of bound
Cd among soils and, consequently, the mobility and toxicity of the metal. The lack of significant correlation between the measured levels of ammonium acetate + EDTA
extractable Cd and CO2 evolution confirms that the toxicity of Cd seems not to be modified by its different availability in the six different soils.
TABLE 3 - Cumulative CO2 amounts and inhibition of respiration.
Soil
1
2
3
4
5
6

Control
Contaminated
C-CO2 mg / 100 g
31.8
7.9
47.5
8.0
119.9
58.8
65.8
20.8
13.4
1.3
89.4
16.5

% inhibition
75.1
83.1
50.9
68.3
90.3
81.5

CO2 evolved and the time of incubation. The different C
mineralization patterns suggest that Cd addition may influence rates and mechanisms of mineralization and that
more than one kinetic model would be required to describe
these different trends.
The time course of organic C mineralization in the
control and in the Cd contaminated soils was initially analyzed by fitting (37) the experimental values to the firstorder model, able to accommodate continuously decreasing
rates of CO2 evolution. The zero-order model, a not asymptotic function, was also tested to describe mineralization
patterns of the contaminated soils, which showed constant
rather decreasing rates during incubation.
2

TABLE 4 - Coefficients of determination (R ) of non
linear regression (first order) and linear regression (zero
order) of the cumulative CO2 evolution curves of the six soils.
soil

First order
Ct=C0(1-e-kt)
R2
0.985
0.868
0.986
0.921
0.989
0.960
0.989
0.874
0.999
n.s.
0.997
0.764

1

Zero order
Ct=kt+intercept
R2
0.890
0.930
0.943
0.958
0.875
0.883
0.887
0.919
0.918
0.969
0.864
0.884

control
contaminated
2
control
contaminated
3
control
contaminated
4
control
contaminated
5
control
contaminated
6
control
contaminated
Ct = cumulative C mineralized after time t (dependent variable); t = time
from start of incubation when t = 0 (days) (independent variable), C0 =
potentially mineralizable C; k = rate constant.

The coefficients of determination (R2), used to compare the different kinetic models, are shown in Table 4. The
R2 values of the first-order model were highly significant
for all of the control soils, with values which were always
greater than 0.985. The same model described less adequately C mineralization patterns in the Cd contaminated
samples. On the basis of R2, the zero-order model offered
a good description of the carbon mineralization in the Cd
amended soils. Indeed, the R2 values from zero-order model
of Cd treated soils were always higher than values of the
corresponding control soils and always greater than 0.883.
CONCLUSIONS

Mineralization patterns may reflect changes in microbial activity. In this study, the Cd treatment changed the
pattern of CO 2 evolution from soils. As can be seen in
Figure 1, cumulative mineralized carbon of uncontaminated
soils showed a curvilinear relationship with time over the
28-day incubation period. From the visual inspection of
the curves it can be noted that patterns of CO2 release in
all the contaminated soils are only slightly curvilinear (Figure 1), so suggesting a quite linear relation between the

The greatest recovery of ammonium acetate + EDTA
extractable-Cd was observed in the soil with the lowest
pH. The smallest recovery of Cd was in the soil with the
highest level of carbonates. Sorption by soil fine particles
(silt+clay) was hypothized to reduce the mobility of Cd.
The enzyme activities were reduced in the contaminated
soil samples compared to the controls. The inhibition of
enzyme activities increased during incubation and no recovery of native activity was observed. The activity of
catalase, alkaline phosphatase and arylsulphatase were the
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most inhibited by Cd. The metal addition reduced the
range of enzyme activities, so decreasing the differences in
enzyme activity between soils. No strong relationship was
observed between extractable-Cd content and the degree
of inhibition of the tested biochemical activities.
Soil respiration was substantially reduced, on average
75%, in all the contaminated soil samples. The Cd treatment changed the pattern of CO2 evolution from soils.
The first order model described adequately C mineralization patterns only in the uncontaminated samples. The zero
order model offered a sufficiently good description of the
carbon mineralization in the Cd amended soils, better than
the first-order model.
Catalase, alkaline phosphatase, arylsulphatase and soil
respiration may be considered suitable indicators for assessing the Cd influence on soil quality.
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ABSTRACT
Nitrogen content of Lemna gibba medium was measured in order to examine changes in concentrations of three
nitrogen forms, ammonia, nitrate and nitrite, induced by the
presence of cadmium over 10 days. Cadmium concentration of 100 µg L-1 caused a complete inhibition (100 %) of
growth and a 74.4 % decrease of ammonia production. However, control experiments using Lemna gibba plants sterilized by sodium hypochlorite and diluted alcohol solutions before culturing suggested that NH4+ present in experimental medium originated from microorganisms` activity.
Slight increase of nitrite was observed in response to
cadmium. Significant increase of NO3- concentrations
(159 ± 32 to 385 ± 23 mg L-1) was observed in the medium of plants exposed 10 days to 100 µg L-1 Cd2+. Decrease
in cadmium content of the culture medium after 10 days
of incubation indicated a strong relationship between
cadmium uptake, toxicity, and inhibition of nitrate absorption. Changes in nitrate concentration are proposed as
a marker of cadmium contamination in water.
KEYWORDS: cadmium, heavy metals, bio-monitoring, aquatic
plants, nitrate uptake, ammonia uptake.

INTRODUCTION
Duckweed and other aquatic plants have often been used
as a tool for monitoring water pollution, particularly with
metals [1, 2]. Significant correlation between metals in
aquatic plants and aqueous concentrations were observed
in field studies [3-6] and laboratory experiments [7, 8]. The
final metal concentration in aquatic plants is usually significantly higher than that of the water, and this fact led
investigators to be interested in their use not only as indicators of environmental quality [9-12], but also as tools for
studying the transport of metals into plants [13, 14] and
the biochemistry of metals in plants [15]. Physiological
parameters are being evaluated for their ability to provide
information on responses of aquatic plant to toxic

compounds and also to investigate the mechanisms of
inhibition [16]. All the nutrients and pollutants taken up by
plants come from the surrounding water [17]. Metal
uptake by aquatic plants depends on adsorption phenomena, and it is also directly related to metal concentration
in the water, contact time, and pH which affects both cell
surface metal binding sites and metal chemistry in water
[18]. Thus, the chemical characteristics of the water may be
directly related to the metabolic responses of aquatic plants
to metal stress which may, in turn, influence water characteristics; these changes could, in turn, be envisioned to
quantify pollutant effects.
Among several species utilized in the assessment of
pollutant toxicity, Lemna gibba was used to study the effect
of metals and pesticides [2]. Among them, the herbicide
glufosinate induced a strong ammonia accumulation leading to death of the plant [19]. This ammonia accumulation
induced inhibition of nitrate uptake and its assimilation in
a variety of aquatic plants [20].
In another context, investigations were described under in vitro and field conditions, in which aquatic plants,
such as duckweed, could be used in phytoremediation to
recover nutrients or pollutants from wastewater [21, 22].
These experiments are an alternative technology to convert
nutrients into potentially useful products and prevent excessive nutrient load of the aquatic environment [21].
In aquatic organisms, sensitivity to heavy metals is related to the biochemical activity of the metal including its
effects on nitrogen metabolism. Therefore, the objective of
this laboratory study was to determine whether the levels
of different forms of nitrogen in the medium could be used
as an endpoint to assess ecosystem stress caused by a metal,
for example, cadmium. In this context, the effect of cadmium on nitrate, nitrite, and ammonia contained in the medium of Lemna gibba was examined.
MATERIALS AND METHODS
The aquatic plant, Lema gibba, was chosen because of
its common use in laboratory studies, its great rapidity of
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development and high biomass production. The sampling
site was situated in an uncontaminated area in the Algiers’ botanical garden. Lemna gibba was then cultured
under sterile conditions in a medium containing: 1.18 g.L-1
Ca(NO3)2 4H2O; 0.05 g.L-1 KNO3; 0.049 g.L-1 MgSO4
7H 2O; 6.8 mg.L -1 KH 2PO 4; 3.037 mg.L-1 FeSO 4 7H 2O;
2.86 mg.L-1 H 3BO 3; mg.L-1; 1.55 mg.L-1 MnSO 4 7H 2O;
0.22 mg.L -1 ZnSO 4 7H 2O; 0.079 mg.L -1 CuSO 4 5H 2O;
0.078 mg.L -1 NiSO 4 7H 2O and 0.0179 mg.L -1 Na2WO 4
2H2O; pH = 5 ± 0.5. Ammonium was not added to nutrient solution because of its interference with nitrate uptake
in duckweed [23]. The experimental medium and materials were sterilized for 20 min at 120 ± 1 °C and all manipulations were conducted in filter flow-hood that excludes particles larger than 3 µm from the aseptic work
area.

RESULTS AND DISCUSSION
Using plants cultured in sterilized medium but not
washed by sodium hypochlorite and ethanol solutions prior
to culture, initial laboratory tests showed (Fig. 1) that ammonia accumulated in control medium after 10 days; indeed, its concentration was significantly (p < 0.05) higher
than in the initial nutrient solutions which contained no
ammonia-N. The presence of aquatic microorganisms associated to duckweeds (possibly symbiotic bacteria) may explain, at least in part, the high levels of ammonia which is
one of the main final metabolites excreted by bacteria [26,
27].
1
0

8

Amoniu(gL -1)

Prior to all experiments using sterilized plants, the
plants were washed successively and rapidly (soaking of 2
seconds) in diluted sodium hypochlorite (7%) and ethanol
(5%) solutions to remove principally the possibility of micro-algae development which could interfere with the Lemna
gibba nutrient consumption. After sterilization-treatment,
plants were washed with the experimental medium and
placed in beakers for culture or cadmium experiments.
Subcultures of the plants were realized every 10 days by
reducing the number of fronds and renewing the medium.
In all cases, plants were illuminated 16 h per day at 24 ± 2 °C
in a thermostatically controlled growth chamber. For all experiments, the plants of the third generation were used and
each test was started with 4 colonies into 100 ml of experimental solutions. In all experiments, development and
growth of new fronds of Lemna gibba were examined and
ammonia, nitrite, nitrate and alkalinity of the growth media
were assayed after 2, 4, 6, 8, and 10 days depending on
the experiment. In the experiment involving cadmium, the
plants were exposed to Cd concentrations of 1, 10, and
100 µg.L-1 during 10 days. These concentrations were chosen because they are relevant ones in polluted water [24].
Cadmium was added as 3CdSO4 8H2O. The initial concentrations of cadmium were verified using an Atomic
Absorption Spectrometer (Model 9, Perkin Elmer). Values
of pH were measured at the beginning and the end of each
experiment. Ammonia, nitrate, and nitrite were, respectively, assayed spectrophotometrically in the medium at
630 nm using sodium salycilate and sodium nitroprussiate
(NH4+), at 415 nm using sodium salycilate (NO3-), and at
540 nm using sulphanilamide (NO2-), according to Rodier
et al. [25].

error of means. Nitrogen contents of the medium were analyzed and compared with those of controls. Statistical significance for all experiments was assessed using one-way
analyses of variance (ANOVA). A statistically significant
difference in nitrogen levels was reported for p values lower
than 0.05. Duncan’s multiple-range test was used to evaluate the mean difference among individual groups at a 0.05
significance level.
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FIGURE 1 – Influence of cadmium on residual
ammonium-nitrogen concentration of Lemna gibba
medium after a 10-days incubation with non sterilized
plants (values are means ± standard error of the mean, n = 4).
TABLE 1 - Inhibition of Lemna gibba growth (%) by cadmium
after a 10-days exposure of non-sterilized or sterilized plants.

Non-sterilized plants
Sterilized plants

Growth inhibition was determined according to the
following equation:
I = (ΔN0 – ΔN) / ΔN0
where ΔN0 is the number of new fronds in the control
and ΔN is the number of new fronds in contaminated samples.
All experiments were carried out in 4 replicates and the
data presented are the average of 4 replicates ± standard

011
0
1
0
0

Cd (µg.L-1)
0
1
0
50
0
55

10
75
68

100
100
100

After 10 days of exposure to cadmium, the metal-inhibited growth (Table 1) and a decrease in ammonia-nitrogen
concentrations was observed (Fig. 1). The development and
growth of new fronds were completely suppressed by 100
µg.L-1. Cadmium also caused a significant (p = 0.036 <0.05)
reduction of ammonia present in the culture medium which
amounted, respectively, 42.44, 69.50, and 74.41% with 1,

450

© by PSP Volume 18 – No 4. 2009

Fresenius Environmental Bulletin

10, and 100 µg.L-1 Cd2+ after 10 days. Following this experiment without sterilization of plants, ammonia accumulation vs cadmium concentration could be described by the
logarithmic equation (Equation 1) with a coefficient of
determination R2 = 0.9882.
[N-NH4+] = - 1.019 log10 [Cd2+] + 3.297

(1)

The decrease of ammonium in the water in response
to cadmium may be due to an interaction of the metal with
pathways of ammonia production in the plant and also in
associated algae and bacteria, which contribution to nitrogen balance in the medium is very important [28].
To verify the possible role of microorganisms in these
phenomena, experiments were conducted in which plants
were sterilized before experiments. In these experiments, the
changes in ammonium, nitrate and nitrite contents in culture
medium were estimated after 0, 2, 4, 6, 8 and 10 days.
Inhibition of growth of sterilized plants by Cd was similar to that of the non-sterilized plants (Table 1). The presence
of sterilized plants induced no significant increase of NH4+
in the medium, even though a slight increase could be detected after 4 days (Table 2). However, after 10 days this
increase (0.03 mg.L-1) was very much lower than with nonsterilized plants (7.74 mg.L-1) (Fig. 1). These results demonstrated that sterilization almost totally suppressed the
production of ammonia, and that ammonia production observed with non-sterilized plants was almost solely due to
microorganisms. Whether they are symbiotic or not, microorganisms excretion may be the main reason why ammonia was produced in the culture medium. Few cellular
deterioration (<10% of intact fronds) indicated by tissue
necrosis could be also a part of the reason of the ammonia
release in the medium. It was also reported that the production of ammonia in the culture medium of Lemna gibba
could be attributed to photorespiration which could stimulate accumulation in plant and release of ammonium [23].
In these experiments, pH, alkalinity, N-NO3- and NNO2- in Lemna medium also changed over the 10-days period (Table 2). Quantities of nitrite and ammonia were
small compared with those of nitrate which was the dominant nitrogen compound.
The increase of both nitrite and ammonia concentrations over the 10 days did not compensate for the removal
of nitrate (Table 2), indicating that most of the N originating from nitrate has been incorporated into Lemna metabo-

lism. The time-course shows an increase in pH and alkalinity during the 10-days period, that maybe explained
by photorespiration of the plants. Indeed, during photorespiration, anionic carboxyl groups are eliminated by
plants and, in Lemna, a part of this alkalinizing metabolite
was re-leased to the medium [23]. Increased alkalinization
of the medium may also have partly originated from proton
fixation during the reduction of nitrate into nitrite or
ammonium.
According to these observations, it appeared that inhibition of ammonia production by cadmium could be attributed to the inhibition of microorganism activity by
the metal. However, the inhibition of duckweed growth
ob-served with non-sterilized plants was not simply due to
the effect of cadmium on medium composition, since a
comparable inhibition of growth could be observed with
sterilized plants (Table 1).
The effect of cadmium on nitrate concentration of the
medium is illustrated in Fig. 2A. Nitrate consumption decreased significantly (p = 0.017) with increasing cadmium
concentration. Indeed, with 100 µg.L-1 of Cd2+, nitrate remaining after 10 days was 385 ± 23 mg.L-1 which was
significantly higher than that of control (N-NO3- = 159 ±
32 mg.L-1). The toxicity of cadmium towards L. gibba
(Table 1) parallels the decrease of NO3- uptake, and is likely
to be the main reason for the reduction of nitrate uptake.
In contrast, medium nitrite content increased slightly after
10 days when cadmium concentrations increased (Fig. 2B)
which might also result from cadmium toxicity. Nitrate
uptake is directly related to that of nitrate reductase activity in plants [27, 29]. A direct role of cadmium in the nitrogen metabolism of the plant, possibly on nitrate reductase,
could be speculated: an inhibition of the reduction of nitrate
to nitrite would be responsible for a nitrite accumulation
that would then leak out into the medium. Another more
probable explanation for the nitrite increase is simply an increased leakage of solutes due to cell death.
Cadmium uptake by aquatic plants has widely been
recognized. In metal polluted water, aquatic plants can act
as biosorbents and influence considerably the levels of both
free and bound cadmium [30]. During the 10-days incubation of Lemna, Cd2+ concentration in the medium decreased
and approximately 85-90 % of the metal had been removed
from the medium (Table 3). The effect of cadmium on the
plant corresponds to a pulse contamination with the metal.

TABLE 2 - Influence of sterilized Lemna gibba on chemical characteristics of the control growth medium.
Time
pH
(days)
0
5.40
2
5.61
4
6.24
6
6.48
8
6.63
10
6.89
Values are means ± standard error (n = 4)

HCO3- (mg.L1)

N-NO3-(mg.L1)

N-NO2- (mg.L1)

N-NH4+ (mg.L1)

4.45 ± 0.95
5.61 ± 0.88
6.18 ± 0.99
6.70 ± 0.75
7.18 ± 0.78

665 ± 22
572 ± 45
388 ± 25
220 ± 37
200 ± 35
159 ± 23

0.00 ± 0.00
0.00 ± 0.00
0.01 ± 0.01
0.02 ± 0.01
0.03 ± 0.02
0.04 ± 0.01

0.00 ± 0.00
0.00 ± 0.00
0.03 ± 0.01
0.04 ± 0.01
0.02 ± 0.02
0.03 ± 0.02
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CONCLUSION

5
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A

The results of this study indicated that the production
of ammonia in Lemna gibba growth medium comes from
nitrate reduction, mainly by associated microorganisms.
Sterilization of plants before culture did not impair nitrate
uptake but reduced significantly ammonia in the medium.
Concentration of nitrite in the medium was low but comparable to that of ammonium, and it increased in response
to cadmium. Uptake of nitrate by the plants was strongly
affected by cadmium and the concentration of nitrate remaining in the medium was proposed as a marker of cadmium toxicity and environmental quality. However, its direct
use in field situations requires further investigations.
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FIGURE 2 – Influence of cadmium on residual
nitrate (A) and nitrite (B)-nitrogen concentration of
Lemna gibba medium after a 10-days incubation with sterilized
plants (values are means ± standard error of the mean, n = 4).
TABLE 3 - Residual cadmium concentrations in Lemna
gibba growth medium after 10-days exposure to the metal.
Cd2+ initial concentration (µg.L-1)
[Cd2+] (µg.L-1)
after 10 days

0

1

10

0

0.143

1.87

It shows that absorption of the metal was responsible for
plant growth inhibition and subsequent decrease of nitrogen consumption.
The increase of nitrate in the medium appears as a
possible marker to indicate cadmium toxicity towards L.
gibba. As an indicator of metal toxicity, nitrate concentration in the growth medium is easily measured and, on a
practical point of view, it would be very convenient in
environmental quality survey. However, at the moment,
the use of this marker will be limited to laboratory evaluation since in field conditions nitrate uptake by the plant
can interfere with uptake and/or release of nitrate from
various other mechanisms. Further investigations are
suggested for a better knowledge of these mechanisms so
that nitrate concentrations can be used as a marker in field
situations. The comparison of reference sites with cadmium-polluted sites may be of great help in this respect.
Further studies with other pollutants are also necessary, to
determine the specificity of this response.
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ABSTRACT
In this study, the effects of water extract (Ule) obtained from the lichen species Usnea longissima Ach. on
Drosophila melanogaster was investigated. For this purpose, different concentrations of Ule (0.5; 1.0; 1.5; 2.0
and 2.5 ml/100 ml medium) were added to the growth
medium of adult individuals. Comparing the development
stages of F1 and F2 of first three application groups (0.5,
1.0 and 1.5) to that of control group, we found that four
groups completed this stage at the same time. The latter
two application groups (2.0 and 2.5) showed a delay compared to that of control. The number of total offsprings was
increased with the first three concentrations. While it was
decreased with the last two concentrations, and various
phenotypic abnormalities occured in the last two offsprings.

monary diseases, eczema, arthritis, ulcer, diarrhoea and
strains [9, 10]. In addition, it has antibiotic, antimicrobial,
antiviral, antiprotozoal, antioxidant, antiinflammatory, analgesic, antipyretic, antiproliferative and cytotoxic activities
[11-14].
Apart from its therapeutic effect, secondary metabolites isolated from lichens are also known to have inhibitory and allergic effects on several plant and animal organisms. Numerous lichen substances such as evernic acid
(Staphylococcus aureus, Bacillus subtilis, and B. megaterium) and usnic acid derivatives (S. aureus, B. subtilis) inhibit
the growth of bacteria and fungi [15-18]. In addition, barbatic acid, diffractaic acid and lecanoric acid were also
shown to inhibit the growth inhibition of lettuce seedlings [19].
For this aim, the possible effects of the water extract
of U. longissima (Ule) on the development of D. melanogaster were investigated at different concentrations.

KEYWORDS: Drosophila melanogaster, Usnea longissima, development stages, teratogenic effect

MATERIALS AND METHODS

INTRODUCTION
Lichens are complex plants, living in symbiotic relationships with fungi and algae, and the pertinent partners are
defined as mycobiont and phycobiont, respectively [1]. Slow
growths and often harsh living conditions make the production of protective metabolites a necessity to lichens [2].
Usnea longissima Ach, also known as Old Man’s Beard,
belongs to the lichen family. It was shown that this organism produces many secondary metabolites such as usnic
acid, diffractaic acid evernic acid salazinic acid, barbatic
acid, 4-O-dimethylbarbatic acid (±), squamatic acid (±),
fumarprotocetraric acid, atranorin (±) and fatty acids [35]. In the folk medicine of different countries of the world,
lichens have been used for medicinal purposes since antiquity [6, 7]. For example, Hippocrates recommended Usnea species to treat urinary complaints [8]. Lichens have
also been used in the treatment of leg and loin injuries,
bone fractures, skin eruptions, respiratory diseases, pul-

Flies: The flies used in the experiments were Oregon
R wild type (w. t.) strain of Drosophila melanogaster
Meigen (Diptera; Drosophilidae). This stock had been
maintained for many years in the laboratory at the Department of Biology, Atatürk University, Erzurum and
was, therefore, highly inbred with little genetic variation.
Laboratory conditions: The flies were grown and aged
in culture bottles containing Standard medium which was
composed of maize-flour, agar, sucrose, dried yeast and
propionic acid (Standard Drosophila Medium= SDM) [20]
at a constant temperature of 25±1°C. The flies were kept in
dark, except during the transfers onto fresh medium (usually twice weekly). The humidity of the experimental chamber was 40-60%. The females used in this experiment were
virgins.
Plant material: Plant material Usnea longissima Ach.
(Ascomycota, Parmeliaceae) (KKEF- 374) was collected
from Giresun, a city in the Black sea region of Turkey, in
2000. The lichen sample was identified by Dr. Ali Aslan
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[21], and a voucher specimen has been deposited in the
herbarium of the Kazım Karabekir Education Faculty,
Atatürk University, Erzurum (Turkey).
Extraction of plant material: To prepare extracts, 2.5g
powdered lichen sample were added to 250 ml flasks containing 100 ml water. The mixtures were incubated at room
temperature in a Soxhlet extractor for 2 days. Final suspension was sterilized by filtration with a membrane filter (0.2
µm). Filtrate was stored at 18°C until use [22].
The application of Ule to adult individuals: Five pairs of
adult D. melanogaster (5 ♀♀ X 5 ♂♂) were placed into
culture bottles. The culture bottle of the control group contained SDM only. The application groups contained SDM
and different concentrations of Ule (0.5; 1.0; 1.5; 2.0 and
2.5 ml/100 ml medium). The developmental stages were
followed daily. Parent flies were removed from the bottle
when the first pupa appeared. The adult offspring levels
were examined according to their sexes and then the malformed individuals were recorded. Fı individuals belonging to each concentration of Ule were matched with individuals of the same application group (F1 X F1). For this
purpose, two sets of experiments were prepared; one application group contained SDM only and the other application
groups contained SDM+ Ule. The experiments were repeated three times for each group.

Statistical analyses: Statistical calculations were done
by using SPSS 11.5 software. To be able to determine the
statistical significance of the results, Duncan’s one-way
range test was applied. The differences between groups were
considered significant at P<0.05.

RESULTS
Effects on the development time of Ule in D. melanogaster:

Different concentrations of Ule (0.5; 1.0; 1.5; 2.0 and 2.5
ml/100 ml medium) were applied to the adult individuals
of D. melanogaster. In control and application groups (0.51.5) laid eggs were observed on the second day from mating. Then, in these groups, 1st, 2nd, 3rd instar larvae;
prepupa, pupa and adult individuals were formed, respectively. The first adult belonging to F1 progeny was
emerged from the pupa at 9th days of mating. But, at the
application groups (2.0-2.5), egg-adult development time
increased with in-creasing concentrations of Ule (Table
1). Fı individuals belonging to each concentrations of Ule
were matched with-in themselves in SDM and SDM+Ule
as one by one and it was researched whether the developmental abnormalities seen in Fı generation could be
observed in F2 generation. The development stages of all
application groups (including only SDM) and including
SDM+Ule the first three groups (0.5-1.5) were completed
at the same time together with control group. But, the
development stages after egg phase were delayed in the
last two groups with SDM+Ule (2.0-2.5).

TABLE 1 - Occurrence of egg- adult developmental stages after application of different doses of Ule.

Development
Stages (day)
Mating
(1.)
Egg
(2.)
st
1 larvae
(3.)
2nd larvae
(4.)
3rd larvae
(5.)
Prepupa
(6.)
Pupa
(7.)
Adult
(9.)

Control

0.5

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Application groups for Fı (ml/100 ml SDM)
1.0
1.5
2.0
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
4
5
6
7
8
11

2.5
+
+
4
6
7
8
9
12

The effect of Ule on egg- adult developmental stages of F2 progeny of parents treated with SDM and SDM+Ule

Development
Stages (day)
Mating
(1.)
Egg
(2.)
st
1 larvae
(3.)
2nd larvae
(4.)
3rd larvae
(5.)
Prepupa
(6.)
Pupa
(7.)
Adult
(9.)

Control

0.5

+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

Application groups for F2 (ml/100 ml SDM)
1.0
1.5
2.0
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+
(+- 4)
(+- 6)
(+- 7)
(+- 9)
(+- 10)
(+- 12)

2.5
+
+
(+- 5)
(+- 7)
(+- 8)
(+- 10)
(+- 11)
(+- 13)

single “+” symbol = developmental stages which occurred at the same day in both of application groups.
In bracket, “+” symbol = values of the application groups only including SDM, numbers indicate values of the application groups treated with
SDM+Ule.
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TABLE 2 - The total number of offsprings and malformed individuals of D. melanogaster treated with different concentations Ule
For F1 progeny
Application
(100 ml/100 ml SDM)
Control

Σ Fı

Σ Malf. (%)

1058a
b

11c

(1.03)

b

(0.17)

0.5

1128

1.0

1177c

2

–a

(–)

1.5

1228d

–a

(–)

2.0

1118

be

d

(2.95)

2.5

1103e

62e

(5.62)

33

The total number of offsprings and malformed individuals in the progeny F2 obtained from Fı individuals belonging to each concentrations of Ule were matched with individuals of the same application group (Fı X Fı) in SDM and SDM+Ule as one by one
For F2 progeny
Application
(SDM+Ule)
Control

Σ F2
1056

a

b

Σ Malf.
(%)
6b (0.56)

9d (0.77)

(0.56)

(–)

1.0

1128d

(–)

1.5

1145

d

11e (0.93)

41f(3.97)

2.0

1031a

7bc (0.65)

–a

e

a

g

8cd (0.75)

1093

1167c
1065f

6b

b

1056

0.5

1.0
2.0

Σ Malf. (%)
a

(–)

0.5

1174

Σ F2

a

1106

1.5

Application
(including only SDM)
Control

–
–

g

f

1023
55 (5.86)
2.5
938
12e (1.17)
2.5
Values with the same letter are not significant at the 0.05 level. Malf. : Rate of malformed individuals Σ: Total number of offsprings
(male+female) SDM: Standard Drosophila Medium not including the water extract of Usnea longissima SDM+Ule: Standard Drosophila
Medium including the water extract of Usnea longissima

Effects on the number of total offsprings of Ule in D.
melanogaster: The number of total offsprings obtained

from F1 and F2 generations with the first three concentrations increased when compared to the control group (Table 2). In F1 progeny, the number of offsprings of 0.5, 1.0
and 1.5 application groups increased from 1128 to 1228.
But, at the application groups of 2.0 and 2.5 of Ule, the
number of offsprings decreased. As shown in Table 2, the
number of offsprings of the groups decreased from 1118
to 1103 (Figure 1). Similar results were also observed in
the F2 progeny. In the F2 progeny with including only SDM,
the number of the offsprings belonging to the first three
groups (0.5-1.5) increased from 1106 to 1174. At the two
highest concentrations, this number decreased from 1065
to 1023 with increasing concentrations of Ule. The offspring of the F2 generation increased from 1093 to 1145 in
the application groups (0.5-1.5) including SDM+Ule. In
contrast, the offspring decreased from 1031 to 938 in the
application groups (2.0-2.5) including SDM+Ule (Figure 2).
These differences in the number of offsprings were statistically significant (P<0.05).

no malformed individuals at the 1.0 and 1.5 application
groups of F1 and 0.5, 1.0 and 1.5 application groups with
SDM+Ule of F2. Parallel to the increase in the concentrations of Ule, the ratio of the individuals with malformation
increased. The ratios of abnormal individuals for control
and application groups of F1 were 1.03% - 5.62%, respectively. While the ratio of abnormal individuals at the control group of F2 was 0.56%, this ratio changed between
0.75% and 5.86% at application groups (Table 2). These
results were statistically significant (P<0.05).

Effects on some morphologic characters of Ule in D.
melanogaster: Some phenotypic abnormalities (especially

in wing, thorax and legs) in F1 and F2 generations were
also observed. As can be seen in Table 2, it was found that
abnormal individuals increased in high concentrations in
comparison with control and the other groups. There were
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FIGURE 1 - Comparison of the numbers of total offsprings in the
progeny F1 treated with different concentrations Ule K: Control

© by PSP Volume 18 – No 4. 2009

Fresenius Environmental Bulletin

FIGURE 2 - Comparison of the numbers of total offsprings in the progeny F2 of parents treared with SDM and SDM+Ule K: Control

DISCUSSION
In the present research, the effects of different concentrations of Ule on the developmental biology of D.
melanogaster were investigated. However, no direct results
concerning the effect of Ule on the development biology of
D. melanogaster were found in the literature review. Therefore, our findings were evaluated in the lights of the study
results derived from different organisms.
There has been data that lichen substances, such as
vulpunic acid, pinastric acid, usnic acid and stistic acid are
poisonous to insects, snails, and nematodes in several source.
Methyl ß-orcinolcarboxylate, ethyl hematommate and 5chlorohematommate isolated from Evernia prunastri show
also nematocidic activity on larvae of Toxocara canis [23].
Most of these compounds reduced the growth of the larvae, but did not affect their survival. Many experimental
results examined on several organisms by different researchers are in accordance with our findings. According to
Bridges [24], amphibians spend extra energy in order to
decrease the toxic effects of chemicals and regain their
destroyed physiological balance. Thus, their growth period
is completed in a longer time than normal length. Perhaps,
the high concentration of Ule has similar impacts on D.
melanogaster with respect to prolongation of the growth
period.
While the total number of offspring obtained from the
first three application groups belonging to F1 and F2 generations increased (P<0.05), the offspring decreased
significantly in the last two application groups. It was considered that the increase of the number of total offsprings
in the first three application groups belong to F1 and F2
generations depends on the therapeutic effect of secondary metabolites isolated from lichens. Halici et al. [25],
determined that Ule evidenced a protective effect against
several diseases by virtue of its in vitro potent antioxidant
activity. It was demonstrated that polysaccharides obtained
from Usnea longissima can only weakly inhibit the lipid

peroxidation of hepatocyte homogenate of mice which resulted from hydroxyl free radicals [26]. It was reported
that the gastroprotective effect of usnic acid isolated from
U. longisima can be attributed to its reducing effect against
oxidative damage and its inhibitory effect on neutrophil
infiltration in stomach rat tissues [27].
On the other hand, there are many study findings, obtained from different organisms, concerning the reduction
of the number of total offsprings with increasing concentrations of the several lichen substances such as lecanoric
acid. It was considered that the most important reason for
this reduction was the inhibition of gametogenesis (both
spermatogenesis and oogenesis) due to high concentrations of the acids. Our results agree with the literature.
Al-Bekairi and Qureshi [28] reported the absence of adverse effects of usnic acid on the number, motility and
structure of epididymal spermatozoa in mice. Furthermore,
quantitation of testicular protein, RNA, DNA and organ
weights did not differ from controls. Again, it was noticed
that high concentrations of lecanoric acid caused some
chromosomal abnormalities and strong mitostatic action in
roots of Allium cepa [29].
Lawrey [30] showed that if the lichen-eating slug Pallifera varia consistently feeds Cetraria oakesiana, which
produces fatty acids including ceparatic acid, the high concentration of those acids of C. oakesiana cause an inhibition on larval growth of Pallifera varia. Similarly, it was
identified that (+)- usnic acid obtained from Usnea spp. has
a significant antitermite activity (80% mortality at 10 mg)
against Glyptotermes dilatatus, which is a major live-wood
attacking tea-termite [31]. Vulpunic acid functioned as a
poison on larvae of the polyphagous insect Spodoptera
ornithogalli and caused the larval period to extend [32].
Again, it was demonstrated that (-)- usnic acid (at 8.6
µmol g-1 dry w.t.) and vulpunic acid (at 111.0 µmol g-1 dry
w.t.) provoked strong mortality in the early larval period
as well as significant retardation in larval growth [33]. In
these various organisms, survival of larvae is getting harder,
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and mass deaths of larvae occur, too. As for the survived
individuals, they have shorter lifespans due to the various
malformations [34].
According to the findings obtained from our study, malformations caused by high concentrations of Ule may be
removed without adding Ule in F2 progeny (for including
only SDM). In addition to, the occurrence of the malformation both in male and female individuals showed that
these abnormalities were not related with sex. Therefore,
Ule is likely to be effective on autosomal genes of D.
melanogaster.
We considered that phenotypic abnormalities may depend on epigenetic effect. Adding high concentrations of
Ule into the medium may cause teratogenic effects which
are causing DNA metilation in D. melanogaster. Observing a few abnormal individuals in the application groups
including only SDM belonging to F2 progeny exhibits that
the conformations of homeotic genes which affect the development of D. melanogaster did not change, though their
functions changed [35-36]. These results are in accordance
with our findings.
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ABSTRACT
Orontes (Asi) River, which is one of the important
water sources in the Middle East, rises in Lebanon, runs
through Syria and Turkey and discharges into the Mediterranean Sea at the southern edge of Samandağ, Hatay in
Turkey. In this study, it is purposed to determine spatial
and temporal variations of physicochemical properties and
metal contents of Orontes River. Water samples were taken
from 12 sampling sites on the Orontes River at six different
periods. Water temperatures were measured at each site at
the sampling times. Electrical conductivity (EC), pH, total
dissolved solids (TDS), Na, K, Ca, Mg, Al, Ba, Cd, Co,
Cr, Cu, Fe, Mn, Ni, P, Pb, Zn, CO3, HCO3, and Cl determinations were made on the water samples. Heavy metal
concentrations of the Orontes River were found to be considerably low owing to the relatively low industrial activity in the basin. However, the presence of high concentrations of P especially around Antakya city was possibly due
to the untreated sewage sludge discharge into this river. The
seasonal and spatial fluctuations in the pH values were not
excessive. The EC values at the sampling sites were found
to be on the higher range in terms of salinity (754.51699.6 µS cm-1). Both the EC and TDS values increased
markedly in the rainy season probably due to the contribution of salts leaching from nearby lands. It can be concluded that soluble salts and the high P content are the
most critical respective parameters threatening the agriculture and aquatic life in the lower Orontes River basin.

KEYWORDS:
Orontes River, heavy metals, water quality, pollution.

INTRODUCTION
Rivers are the main inland water sources for domestic, industrial and irrigation uses. Therefore, it is necessary
to control the pollution status of the rivers and to monitor
the quality of water with respect to the spatial and temporal variations in hydrochemistry for effective water
management [1].

Orontes (Asi) River is one of the most important surface water sources in the Middle East. It rises in Lebanon,
flows through Syria and Turkey then discharges into the
Mediterranean Sea at the southern edge of Samandağ, Hatay
in Turkey. The total length of this river is approximately
380 km, the section in Turkey being about 88 km. It is
presently used for the irrigation of 12.000 ha land on Amik
plain and another 50.000 ha is being planned to be irrigated [2]. In this respect, Orontes River is of a vital importance for the region since Amik Plain is one of the most
productive agricultural lands in Turkey.
There are recent researches dealing with some qualty
parameters of Orontes river [3;4] but there is no information about the heavy metals content. The aim of this
study is to determine the spatial and temporal variations of
physicochemical properties and metal contents of the Orontes river and as well as to assess its suitability for irrigation.
MATERIAL AND METHODS
The lower Orontes Basin within 7796 km2 is located
in the southern Anatolia (36o45' - 38o15' N and 35o50' 37o16' E) and neighbored by the Euphrates Basin in the
east, the Ceyhan Basin in the north, the Mediterranean
Sea in the west and the Syrian border in the south.
The main flow rate of the Orontes River ranged annually between 2.39 (in July) and 22.96 m3 s-1 (in February) according to the data of the period between 19952002 [5].
The 12 sampling sites were selected along the Turkish section of the Orontes River (Figure 1). The samplings
from 12 different sites were made on the same day. Sampling was carried out at six different times: starting in
October 2004, and continuing in January, May, July, September and November in 2005. The samples were placed in
clean glass bottles and kept refrigerated at 4 oC until all
the laboratory analyses were completed. The water samples for total metal analysis were preserved using ultra
pure nitric acid to lower the pH below 2.
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The temperature (T) of water samples were measured

in the field using a portable digital thermometer. The EC

FIGURE 1 - The sampling sites on the Orontes River.

and pH were measured with the EC meter (YSI–3200) and
the pH-meter (WTW-526). The concentrations of Na and
K were measured with a flame photometer (Jenway-PFP7);
and other metals (Ca, Mg, Al, Ba, Cd, Co, Cr, Cu, Fe, Mn,
Ni, Pb, and Zn) and P were determined on ICP-AES (Varian liberty series II, axially-viewed). All chemicals used
were of analytical reagent grade from E. Merck, Fluka and
Riedel and all solutions were prepared using ultra-pure or
bi-distilled water.
The levels of CO3, HCO3 and Cl were volumetrically
determined. Sodium adsorption ratios (SAR) were calculated with SAR = Na / (Ca + Mg ) / 2 equation, using the
concentrations of Na, Ca, and Mg ions expressed in miliequivalents per liter [6].
The data was statistically analyzed using the Statistical Package for Social Sciences (SPSS) Software. Duncan
test was performed to find out the spatial and temporal
comparison of quality parameters.
RESULTS AND DISCUSSION
The electrical conductivity (EC) and sodium adsorption ratio (SAR) values changed between 745.5-1699.6 µS

cm-1 and 0.75–1.71, respectively, during the study period
(Table 1). According to the classification of USSL [6], irrigation water quality class of the Orontes river was C3S1 (with
high salinity and low sodium hazard) within all sampling
sites and at all times. Similar results were also reported by
Ödemiş et al. [7]. Water quality of Orontes River allows
irrigation of the crops with good salt tolerance in the areas
where an adequate drainage system exists.
The differences in EC values among the sampling times
were found to be statistically significant (p<0.01). The EC
values were the highest in January and the lowest in November. Intensive agricultural activities on the Amik Plain
elevated the use of fertilizers and other chemicals. The
Amik plain has a shallow water table [8] that enables upward transport of salts mainly Na and Mg chlorides in dry
summer seasons. These salts were leached away by means
of surface run off to the Orontes river with winter precipitations. In addition, starter fertilizers applied in wheat sowing can leach, to some extent, with winter rainfall as well.
Therefore, leaching of the soil by winter precipitation caused
an increase in the values of EC, Na, Mg and Cl at the
sampling time of January 2005.
The EC values were relatively low from May to September, which is the irrigation season in the study area.
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This outcome may be considered advantageous for irriga-

tion. But, the EC values of the river were still high for many

TABLE 1 - Physicochemical properties of Orontes River at different sampling times.
CO3
Cl
P
+HCO3
SAR
(mg L-1)
(µg L-1)
-1
(mg L )
8.23 c
25.86 d
55.35 bc
5.11 b
148.86ab
249.67 a
89.65 c
1.09 bc
92.18 a
1025.73 bc
October
(0.03)
(0.25)
(3.45)
(0.23)
(1.40)
(9.07)
(9.19)
(0.06)
(30.80)
(31.11)
2004
8.0724.7043.444.29141.42192.9366.190.8716.65886.10-1222.40
8.32
27.30
81.63
6.05
154.96
273.90
167.84
1.57
274.33
7.96 ab 12.45 a
77.10 d
4.04 a
244.57c
282.11 c
119.81 d
1.21 c
110.56 a
1619.78 d
January
(0.02)
(0.25)
(0.56)
(0.10)
(4.53)
(9.50)
(2.48)
(0.01)
(9.69)
(14.10)
2005
7.8111.5073.763.71222.20231.40100.471.1264.181553.35-1699.60
8.06
14.40
80.55
4.72
265.27
316.80
27.66
1.29
162.59
7.94 ab 24.03 c
42.05 a
3.64 a
145.12ab
251.58 a
57.43 b
0.86 a
151.96 ab
912.94 ab
May
(0.06)
(0.17)
(1.40)
(0.17)
(3.52)
(4.54)
(1.82)
(0.02)
(33.84)
(23.45)
2005
7.6723.2033.302.95127.45219.0048.460.7539.29751.50-1024.90
8.21
24.90
49.45
4.55
167.83
267.80
8.56
0.97
377.22
7.89 a
27.01 e
62.26 c
6.56 c
158.95b
315.85 d
63.56 b
1.18 c
301.31 b
1105.0 c
July
(0.11)
(0.62)
(7.73)
(0.87)
(13.02)
(18.71)
(9.47)
(0.11)
(147.94)
(108.96)
2005
7.4724.7035.114.25114.49243.6026.000.7843.48745.50-1567.30
8.57
30.60
89.43
11.31
220.96
402.00
100.47
1.71
1097.70
8.09 bc
23.92
48.46 ab
5.11 b
148.11ab
255.90 ab
66.00 b
0.97 ab
58.52 a
913.87 ab
September
(0.03)
(0.17) c
(1.43)
(0.09)
(2.26)
(5.05)
(1.67)
(0.02)
(10.85)
(13.30)
2005
7.9423.1043.314.55129.21219.2059.100.8913.64848.00-981.60
8.23
24.80
57.76
5.54
160.17
279.80
75.65
1.12
138.13
7.85 a
16.09 b
40.29 a
5.51 b
134.87a
279.48 bc
42.95 a
0.86 a
105.49 a
870.27 a
November
(0.04)
(0.25)
(0.63)
(0.15)
(1.29)
(1.80)
(1.41)
(0.01)
(7.51)
(6.82)
2005
7.6915.3036.324.79128.92268.0036.640.7971.75834.20-910.60
8.03
18.20
43.24
6.26
140.48
288.33
53.19
0.92
156.63
7.99
21.32
53.51
4.93
162.83
271.00
72.47
1.02
130.93
1066.45
During the
(0.03)
(0.67)
(1.98)
(0.17)
(5.02)
(4.35)
(3.67)
(0.02)
(22.66)
(35.77)
study period
7.4711.5033.302.95114.49192.9326.000.7513.64745.50-1699.60
8.57
30.60
89.43
11.31
265.27
402.00
167.84
1.71
1097.70
According to the Duncan test, the values with different letters in columns denote significant differences at p < 0.05. Values in parantheses are of
Standard error. The first and third values are the mean and minimum-maximum values EC: electrical conductivity,
T: water temperature
Sampling
Time

EC
(µS cm-1)

pH

T
(oC)

Na
(mg L-1)

K
(mg L-1)

crops and may present hazard for a sustainable soil management. In fact, in a research related to the salinization
tendency of the soil, about 28130 ha land was classified
as slightly saline and 2600 ha as saline in the Turkish part
of the Orontes river basin [9].
The temperature values of the river water vary significantly within the sampling times. This parameter under
the influence of the climate of the region peaked in July
and decreased during winter months. The temperature
variations within the sampling times, indicated by the
standard error values, were the lowest in May and September (Table 1).
Regarding the chemical properties, the highest levels
except for K were recorded in January, whereas the lowest pH, Na, and Cl values were measured in November.
All of the aforementioned parameters were significantly
different within the sampling times (p<0.01).
Phosphorus was recorded as a potentially hazardous
element to aquatic life and water quality. The P content
ranged from 13.64 to 1097.70 µg L-1 during the study
period, in general being very low in winter months; but
started increasing in May 2005 and attained its maximum
in July 2005 (Table 1).

Ca+Mg
(mg L-1)

The spatial changes in physicochemical properties of
the river water were not statistically significant, except for
the pH. The variations of the pH values among sampling
sites were significant (p< 0.01) also. The EC values increased from Demirköprü towards Antakya city center because of discharges from nearby cities and inclusion of
drainaged water from the drainage channels. The lowest
EC values were recorded at sites 1 and 12. Little creeks
and streams that flow into the Orontes River at sites 10
and 11 decreased salt content of the river water. The highest Cl values were measured at site 12 along the river. This
situation is probably related to the mixing of the river
water with the seawater.
Measured temperature values of the river water did not
differ significantly within sampling sites but it was higher,
on average, at site 12 than the other sites. This situation
was probably related to broader river-bed and shallower
water depth at this site since the temperature in rivers
changes in accordance with the altitude, climate, atmospheric conditions, flow rate, and structure of the river-bed
[10].
The P concentrations of river water were very high at
sampling site 8 through 12. For example, in July, the P
concentrations at the points 8 and 9 (Antakya city center)
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were 1061.8 and 1097.7 µg L-1, respectively. The reasons
for such an increase in P content of the river may be the

addition of drainage waters from agricultural lands,

TABLE 2 - Metals concentration of Orontes River at different sampling times.
Sampling
Time

Al

Ba

Cd

Co

Cr

Cu

Fe

Mn

Ni

Pb

Zn

5.00 b
0.04 b
0.02 ab
0.27 a
2.35 b
7.11 c
0.58 a
1.24
0.55 a
0.55 c
4.020.000.000.152.231.640.370.720.400.356.25
0.06
0.10
0.40
2.42
11.76
1.43
2.32
1.02
0.77
4.10 a
0.02 a
0.01 ab
0.31 ab
2.04 a
3.11 ab
0.13 a
1.20
0.39 a
0.43 b
January
4.99 a-c
3.300.000.000.161.892.080.090.830.230.312005
3.38-10.28
4.88
0.08
0.05
0.42
2.33
8.55
0.17
1.83
0.67
0.64
4.15 a
0.01a
0.03 ab
0.33 ab
2.09 a
4.70 bc
1.11 a
1.52
0.34 a
0.51 bc
May
7.82 bc
3.490.000.000.241.941.880.110.790.120.142005
3.09-19.66
5.12
0.03
0.08
0.53
2.18
12.03
2.89
2.80
0.49
0.83
4.11 a
0.01 a
0.04 b
0.65 c
2.41 b
6.65 c
2.60 b
1.58
0.79 b
0.15 a
July
9.71 c
1.830.000.000.272.001.260.140.730.250.002005
0.80-42.06
6.43
0.06
0.17
1.13
2.73
25.06
11.55
3.62
1.25
0.41
3.78 a
0.00 a
0.01 a
0.41 ab
2.66 c
0.95 a
0.18 a
1.38
0.89 b
0.05 a
September
1.84 a
3.060.000.000.172.440.070.090.670.180.002005
0.43-11.21
4.55
0.03
0.06
0.66
2.80
2.84
0.34
2.41
1.20
0.15
3.81 a
0.02 a
0.00 a
0.45 b
2.61 c
1.15 a
0.28 a
1.35
0.87 b
0.09 a
November
3.67 ab
3.420.000.000.162.490.340.060.140.410.002005
0.56-12.16
4.50
0.06
0.00
0.76
2.76
1.79
0.82
3.27
1.71
0.16
4.13
0.02
0.02
0.40
2.36
3.74
0.75
1.38
0.64
0.30
During the study
6.91
1.830.000.000.151.890.070.060.140.120.00period
0.43-42.06
6.43
0.08
0.17
1.13
2.80
25.06
11.55
3.62
1.71
0.83
According to the Duncan test, the values with different letters in columns denote significant differences at p < 0.05. Values in parantheses are of
standard error. The first and the third values are the mean and minimum-maximum values. All units are in µg L-1
October
2004

15.36 d
6.66-23.57

sewage sludge discharges from nearby cities and the inevitable decline in the water content of the river during
summer months. In fact, agricultural and urban activities
are considered as the major sources of P additions to aquatic
ecosystems [11, 12]. Earlier reports showed that detergents are one of the most important factors in the P enrichment of natural surface water resources (lakes and rivers) in Turkey [13]. Nevertheless, a previous study on the
Orontes River revealed that the highest P values are present in the river mouth (0.002 and 2.44 mg L-1) [14].
All metal contents (Table 2) of the Orontes River during the study period were found to be considerably lower
than the allowed maximum concentration of trace elements
in irrigation water recommended by FAO [15]. In other
words, there was no metal pollution in the river during the
period of investigation. This situation is most likely related
to the small number of industrial plants in Turkish part of
the Orontes River Basin. The reports in various basins reveal that the elevated water pollution is related to the regional industrial development and technological levels of
the industrial plants. For example, in the Southern Thrace,
which is one of the most important industrial centers in
Turkey, it was reported that Hg, Cd and Zn contents were
low whereas Cr and Pb were high in the surface water
owing to automotive, dyeing and textile industry in the
region [16]. Until recently, rivers have been utilized as the
easiest and cheapest means for the disposal of municipal
wastes without proper treatment, especially near highly
populated cities. Therefore, organic contaminants and P
contents of the rivers have been higher near the cities.

Some significant differences were detected in all metal
concentration within the sampling times except for Ni (p<
0.01) (Table 2). When the mean concentrations of metals
were compared, sampling times 3 and 4 (May and July)
yielded significantly higher concentration than the other
sampling times. The concentrations of Cr, Fe and Mn increased markedly at sampling time 4 and they were the
lowest at sampling times 2, 5 and 6. Among the metals, the
highest variation in concentration was observed for Al.
However, there was no significant seasonal difference in
Ni concentration. The remaining metals could be placed in
two or three statistically different groups.
The spatial differences in metal contents were not statistically significant except for Ba (p>0.05). When the mean
values were considered, metal contents except for Cd, Cr,
Ni, and Fe were lower at the sites 1, 2 and 3 (on the SyriaTurkey borderline) than those of the other sampling sites.
But, the Cd, Cr, Ni, and Fe contents were also found to be
relatively high at these sites. In general, it was observed
that heavy metal concentrations were high near Antakya
city center (sites 8 and 9) because of small industrial estate
and leather industry without discharge water treatment systems at the entrance of Antakya.
CONCLUSION
Orontes River is the most important fresh water source
for agricultural water requirement of the southeastern Mediterranean region. The river flow rate in the Turkish part
of the basin sharply decreases in the irrigation season ow-
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ing to the excessive usage of water for irrigation both in
Turkey and Syria. Therefore, to meet the increasing water
demand in summer, the farmers generally use groundwater
and drainage water for irrigation purposes. However, this
practice, as expected, constitutes a threat to the agricultural
potential of the area since the salt contents of these water
sources in some parts of region are quite high [17].
The Orontes River water has a slightly - moderately
alkaline reaction ranging from pH 7.47 to 8.57. Therefore,
also considering the relatively low SAR values, the river
water is not expected to cause sodicity. According to EPA
[18], optimum pH values of fresh water can be between
6.5 and 9.0. As a concluding remark, it can be stated that
content are soluble salts and P the most critical parameters,
treating aquatic life and agriculture in the lower Orontes
River Basin.
As stated earlier, the quality of the Orontes River water is C3S1; thus its use without consideration of soil parameters (i.e. ECe, ESP) and plant requirements (i.e. ECw
tolerance) for irrigation and without proper allowances for
leaching requirements may cause rapid degradation of the
soil. Also, in this respect, irrigation methods with minimum water consumption such as drip irrigation should be
preferred.

DPT (State Planning Organization) (1997). Report of Hatay
City, Turkey.
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SUMMARY
We analysed the relationships between different categories of genotoxicity biomarkers using Sparus aurata as
model organism and benzo[a]pyrene (B[a]P) as a welldescribed genotoxicant agent. DNA damage was assessed
by means of agarose gel electrophoresis (AGE), micronuclei (MN) and flow cytometry (FC) assays. MN assay was
carried out in mature erythrocytes, while the other assays
were performed with all blood cell types. Both the AGE and
MN assays detected significant DNA damaging effects of
B[a]P, whereas almost no DNA damage was observed by
FC assay. Yet, AGE and MN assays differed in the patterns
of response observed. The cycles of DNA damage and
repair detected in the AGE assay were not apparent in MN
assay, where the genotoxic insult was consistently detected
overtime.
KEYWORDS:
Genotoxicity; biomarkers; benzo[a]pyrene; Sparus aurata

INTRODUCTION
In recent years, one of the most serious concerns with
pollution is the presence of genotoxic agents in the environment. This apprehension arises from increasing awareness that many pollutants, present in the aquatic environment, are chemical carcinogens and mutagens with the
capacity to interact with DNA structure and function [1-2].
Thus, considering the risks associated with DNA damage,
there is a clear need for the development and implementation of biomarkers of genotoxicity in environmental studies.

animal carcinogen [3-4], and consequently represents one
appropriate reference genotoxicant to test the sensitivity
and feasibility of a set of genotoxicity biomarkers. B[a]P
has been employed as a reference toxicant to develop
genotoxicity biomarkers in aquatic organisms, which address structural DNA damage and chromosomal damage
[5-8]. However, there is little published work evaluating,
side-by-side in the same organism and tissue, the relationship of both categories of genotoxicity responses (i.e. DNA
damage and chromosomal damage biomarkers). Their integration may contribute to a better understanding of the responses of aquatic organisms to genotoxicants and improve
the ability to establish more rigorously a cause-effect relationship.
Here we describe a short-term experiment, carried out
under laboratory-controlled conditions, to calibrate a set of
genotoxicity biomarkers and test their potential effectiveness using a well-described genotoxicant agent, B[a]P, in the
gilthead seabream, Sparus aurata. The primary aim of this
study was to examine the relationships between different
categories of genotoxicity biomarkers, by comparing structural DNA damage biomarkers (DNA strand breakage) with
chromosomal damage biomarkers (micronuclei, nuclear abnormalities and nuclear DNA content variation) in our model
organism S. aurata.
S. aurata is an economically valuable species that inhabits Atlantic and Mediterranean coastal waters, estuaries, and lagoons. It is intensively and extensively cultured
in marine and estuarine waters, and it can be found in both
pristine and contaminated sites. Furthermore, it is easy to
maintain in laboratory conditions, and it is a suitable test organism. For these reasons, S. aurata was selected for use
in this study.

The polycyclic aromatic hydrocarbon benzo[a]pyrene
(B[a]P) is widely recognized as a clastogen and potent
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MATERIALS AND METHODS
Test organisms and laboratory exposure to B[a]P

The experiment was carried out with juvenile S. aurata,
weighing 3-4 g, from the “Ria Mãe” fish farm (Setúbal,
Portugal). Two-hundred and fifty animals were acclimated
to controlled laboratory conditions, in 60-L tanks with recirculating filtered seawater, for 2 weeks before the experiment
began.

21.2 g sucrose, 2.9 g citric acid and 12.5 ml dimethyl sulfoxide; pH 7.6) for flow cytometry assay. Blood samples
were immediately frozen in liquid nitrogen and stored at 80 ºC until analysis. Blood smears for each individual
were also prepared for the micronuclei assay.
DNA strand breakage analysis
(Agarose Gel Electrophoresis assay – AGE)

DNA was isolated from all blood cells of each individual for subsequent DNA strand breakage analysis by
Fish were exposed to five treatments: seawater control,
AGE. An outline of the DNA strand breakage analysis is
solvent control (acetone) and three levels of sub-lethal B[a]P
presented below, while detailed descriptions are provided
-1
concentrations (25, 50 and 100 µgL ), during 48, 96 and
in [9]. AGE comprised electrophoresis of the DNA extracts
240 hours. These sub-lethal concentrations were selected
under alkaline (pH 12) and neutral (pH 8) conditions, thus
according to preliminary acute toxicity tests. Since B[a]P
allowing for determination of total (single and double) and
has low solubility in seawater, it was firstly dissolved in a
double-stranded breaks in the DNA, respectively. Migrasmall amount of acetone, and then added to the seawater of
tion of the DNA within the gel matrix is size-dependent, and
the B[a]P treatments to achieve the final B[a]P nominal
detection is easily accomplished after staining with ethidium
concentrations. In each case, the final acetone concentration
bromide (Fig. 1). Photographs of ethidium-bromide-stained
was 0.008% (v/v). The natural seawater, obtained from a
gels were analysed with the software QWin V2.3 (Leica
clean site of Tagus estuary, was filtered by a 0.45-µm sieve.	
 
Microsystems) in order to obtain densitometric profiles of
The experiment was performed in 40-L glass tanks with the migration of each DNA sample. Finally the average
15 animals per aquarium. The total number of tanks was molecular length (L ) was computed from these data. The
n
15, one for each treatment/sampling period. Salinity and average molecular length is inversely proportional to the
temperature were maintained at 33-34‰ and 20 ºC, and number of DNA strand breaks according to the formula:	
 
aeration was provided continuously. All of the test media
in each aquarium was replaced every two days and animals (1) Number of strand breaks/105 nucleotides = 1/Ln x 100
were fed with commercial fish food, immediately before the
In order to normalize results among gels, it was reexposure media was changed. Survival was high in all
-1
quired
to determine the relative number of total (RNTSB)
treatments tested, only three animals died in the 50 µgL
B[a]P concentration at the 240-h sampling period. All
surviving individuals from each treatment were sampled
after 48, 96 and 240 hours. Blood was collected by cutting
the caudal peduncle, and stored in 1.5 ml micro-tubes
with 500 µl of 25 mM EDTA for DNA strand breakage
analysis, or with 800 µl of freezing buffer (250 ml H2O/
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FIGURE 1 - Photographs of an agarose gel run under alkaline conditions to determine total DNA strand-breakage of Sparus aurata
exposed to benzo[a]pyrene. Lanes 1 and 32 contain molecular size standard (Hind III digests of λ DNA); lanes 2-5, 16-18 and 26 seawater control groups for 48, 96 and 240 h, respectively; lanes 6-7, 20 and 30 solvent control groups for 48, 96 and 240 h, respectively;
lanes 8-10, 21 and 25 exposure to 25 µg L-1 B[a]P for 48, 96 and 240 h, respectively; lanes 11-12, 21 and 31 exposure to 50 µg L-1 B[a]P
for 48, 96 and 240 h,, respectively; lanes 13-15, 22-24 and 29 exposure to 100 µg L-1 B[a]P for 48, 96 and 240 h, respectively; lane 33
and 34 molecular size standards (Coliphage T4 DNA and 100 bp ladder, respectively).

and double-strand breaks (RNDSB). This was accomplished
by calculating the difference in the number of strand breaks
between every treatment sample and the respective solvent
control mean within each gel:
(2) Samples from total-strand break gel:
RNTSB = 1/Ln (sij) - 1/Ln (Cmj)

cells (‰). The criteria for the identification of EMN and
ENA followed the procedure described by [11, 12]. The
ENA, classified as lobed nuclei, kidney shaped nuclei and
segmented nuclei, were scored if their nuclear shape was
similar to those observed in Fig. 2. ENA were considered
together and separately from MN for statistical analysis.
The micronuclei assay was carried out in erythrocytes,
while the other assays concerned all blood cell types. How-

(3) Samples from double-strand break gel:
RNDSB = 1/Ln (sij) - 1/Ln (Cmj)
where sij is the sample i from gel j and Cm is the respective solvent control mean from gel j
Accordingly, the relative number of single strand breaks
(RNSSB) was determined as follows:
(4) RNSSB/105 nucleotides = RNTSBi – (2 x RNDSBi)
where i is the sample number.
Micronuclei and nuclear abnormalities
(Micronuclei assay – MN)

The MN was used to determine the number of erythrocytic micronuclei (EMN) and erythrocytic nuclear abnormalities (ENA) in S. aurata mature erythrocytes as previous
described in [10-11]. Blood smears from individuals of each
treatment were fixed in absolute methanol, stained with
Giemsa/phosphate buffer pH 6.8 (1:20) and mounted with
Eukitt. Five slides of each treatment were randomly selected
to score 1000 mature erythrocytes under 1000x magnification, and to determine the number of EMN and ENA. A
single observer analyzed the randomly sorted slides. The
frequencies of EMN and ENA were expressed per 1000
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ever, since blood cells are predominantly erythrocytes [13],
the influence of the remaining blood cells in AGE and flow
cytometry assays is most likely negligible.
Nuclear DNA content variation (Flow Cytometry assay – FC)

The FC was used to measure the nuclear DNA content variation among all blood cells of each experimental
individual as previous described in [11]. The blood cell suspensions stored at −80 ºC were thawed and a 100 µl aliquot
was stained in the dark, for at least 15 min, with 200 µl of
fluorescent dye (500 ml H2O/500 mg citric acid, 500 µl
Nonidet P40, 25mg propidium iodide and 25 mg RNAses
A, pH 7.6). The quantification of nuclear florescence was
carried out in a flow cytometer (Coulter Epics Profile II).
Fluorescence was measured from 10,000 blood cells per
individual and the nuclear DNA content variation was calculated by the coefficient of variation (CV) of the mean G1
stage cells. Chicken red blood cells and fluorescent microspheres were used as standards to control the instrument
alignment. Given the large sample size used in this study,

it was not possible to analyze all of them at once. At each
time, a set of five samples from each treatment, including
controls, and from two sampling periods was measured in
duplicate. Thus, to normalize the results and reduce the
variability between different day runs of the flow cytometer,
the CV values will be expressed as the percentage of solvent control mean of each day run: [CV(Sij)*100] / CV(Cmj)
(Sij is the sample i from the set j, and Cmj is the respective solvent control mean from set j).
Statistic analyses

Statistical analyses were performed using a two–way
ANOVA with sampling periods and B[a]P concentrations
as factors. Post-hoc comparisons were carried out using the
Least Significant Difference test (LSD) for multiple comparisons between pairs of means. The lack of normality distribution in EMN data required the use of the non-parametric tests - Kruskal-Wallis and a-posteriori Man-Whitney
tests. In all tests, significant differences were established at
p<0.05.

L
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N
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M

FIGURE 2 - Erythrocytes of Sparus aurata with normal nuclear shape and nuclear abnormalities:
N = normal shaped nucleus, M = micronucleus, L = lobed nucleus, K = kidney-shaped nucleus
and S = segmented nucleus. The immature erythrocytes (I) were not scored. Giemsa stain, 1000 x.

RESULTS AND DISCUSSION
Relative number of total (RNTSB), double (RNDSB)
and single (RNSSB) strand breaks, as a function of B[a]P
doses and exposure periods, are shown in Fig. 3. No significant differences in DNA strand breakage parameters were
observed over the 240-h exposure between control (seawater control) and solvent control groups. B[a]P was able to
induce significant effects on RNTSB (p<0.05, Fig. 3a) and
on RNSSB (p<0.05, Fig. 3c), but no effects were observed
on RNDSB (p>0.05, Fig. 3b) over all exposure time. The
highest B[a]P concentration (100 µgL-1) showed values
significantly different from solvent control after 48, and
240 h of exposure, both for RNTSB and RNSSB (p<0.05).
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lence of DNA damage versus DNA repair mechanisms: 1)
Acute phase - significant genotoxic insult detected after 48 h
of exposure, 2) Compensatory phase - activation of DNA
repair mechanisms and effective compensation reducing
the DNA damage to control levels after 96 h of exposure,
and 3) Chronic phase - continuation of exposure ultimately
led to saturating or impairing DNA repair mechanisms,
resulting in the prevalence of DNA damage again at 240 h.
Similar patterns of alternation of DNA damage and repair over the exposure period have been observed in various animals, such as fish and crustaceans exposed to various
genotoxicants, including B[a]P [5-7, 9, 17]. For example, in
one of these studies, it was reported a fluctuating response
of DNA integrity in the digestive gland of Perna viridis
measured by the alkaline unwinding method [6]. In that
study, it was observed that the levels of DNA strand breaks
increased significantly after one day of exposure at 0.3 and
3 µgL-1 B[a]P, then the DNA damage gradually decreased
back to the control levels at day 12, and, finally, a second
increase of DNA strand breaks was detected from day 12
to 24. These authors suggested an activation of DNA repair
mechanisms at day 12, and an overwhelmed DNA repair
system after day 12. In another study, that measured the
DNA integrity by comet assay, an identical phenomenon
of DNA damage/repair was reported in blood cells of
black porgy exposed to 2 µgL-1 B[a]P [17] The levels of
DNA strand breaks increased significantly after 2-h exposure, decreased at 5 h and increased again at 24 h. Rixian
et al. [17] suggested that the recovery of DNA damage observed at 5-h exposure may be explained by the inbuilt
processes of DNA repair of living cells. It is important to
point out that the DNA damage effects reported in such
studies were detected at lower B[a]P concentrations than
those used in the present investigation. These differences
suggest that DNA strand breakage is a tissue/species dependent response as was already reported by Monteith and
Vanstone [18].
FIGURE 3 - DNA strand breakage in blood cells of Sparus aurata exposed to benzo[a]pyrene: relative number of (a) total, (b)
double and (c) single strand breaks as a functionof B[a]P dose
and exposure period. Bars and error bars represent means and
standard errors. Asterisks indicate significant effects relative to
solvent control: * = p<0.05. Control represents seawater control
and solvent control is acetone control

It is well-established that DNA strand breaks is an early
biological result of exposure to genotoxicants that may or
may not persist in time [14]. The persistence of DNA strand
breakage depends, among other factors, on the organism
ability to repair its damaged DNA, and on the extent and
dose of exposure to the genotoxicant [14, 15]. In addition, it
has been observed that genotoxicant concentrations in tissues have to reach a threshold value before the repair systems become activated [16]. Ultimately, continuous exposure
to genotoxicants can overwhelm the repair mechanisms of
the cells, resulting in a marked increase of DNA damage [6].
On this basis, the results obtained in AGE assay (RNTSB
and RNSSB) for the highest BaP concentration (100 µgl-1)
suggest the occurrence of a 3-stage biological response,
which could be explained by the alternation of the preva-

No significant induction of DNA double-strand breaks
(DSB) was detected. DSB are more difficult to generate than
SSB, since they occur in two adjacent DNA strands in close
proximity [1, 14]. A possible reason for the absence of effects on DSB is the insufficient dose of B[a]P.
Frequencies of EMN and ENA were influenced by exposure to B[a]P as shown in Fig. 4. No significant differences were detected over all exposure times between control and solvent control groups. Temporal variation in both
EMN and ENA were similar. EMN and ENA maximum
induction in each exposure period was always observed for
the highest B[a]P concentration (100 µgL-1). A significant
increase of EMN and ENA was observed at 96 hours (p<
0.05 and p<0.01, respectively), or at 240 hours of exposure
(p<0.05), when compared with solvent control. Furthermore,
a significant EMN increase was detected after the 48-h exposure (p<0.05), which was followed by an ENA frequency
increase, but this increase was not statistically significant.
These results confirmed the genotoxic potential of B[a]P
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already observed by the total and single strand breaks formation. Other studies also detected significant higher frequencies of EMN and ENA in fish erythrocytes exposed to
B[a]P [7-8, 10, 19].

FIGURE 4 (a) - Erythrocytic micronuclei (EMN) and (b) Erythrocytic nuclear abnormality (ENA) frequencies in Sparus aurata
as a function of B[a]P dose and exposure period. Bars and error
bars represent means and standard errors. Asterisks indicate
significant effects relative to solvent control: * = p<0.05 and **
= p<0.01. Control represents seawater control and solvent control is acetone control.

The persistence of DNA strand breaks, as a result of
faulty DNA damage repair, can give rise to lesions in somatic cells. During cell division, DNA damage may become
permanent and passed on to daughter cells, biomagnifying
the initial structural DNA damage and given way to more
insidious chromosomal damage. This type of damage can
then be detected as MN, or by way of higher variation of
nuclear DNA content in a target tissue (FC assay). This
may explain why, compared to AGE assay, the biological
response detected by the MN assay shows a more steady
and cumulative type of overtime variation in DNA damage.
Comparison of the results, obtained at 96 hours, clearly
shows the difference in the type of response detected by
each of the assays. With the MN assay, as opposed to AGE
assay, no cycles of DNA damage and repair were apparent,
but the presence of genotoxic insult was consistently detected overtime.
Over the last decade, the occurrence of nuclear abnormalities has been reported in addition to micronuclei in

several aquatic organisms, such as bivalves and fish, after
exposure to various genotoxicants, including B[a]P. A number of authors [8, 20-21] have described and photographed
various alterations of the nuclear morphology and interpreted
them as nuclear lesions analogous to micronuclei. These
authors suggested that these nuclear alterations should be
enumerated as an indicator of clastogenic activity. However, the responsible mechanism for these nuclear abnormalities is not yet fully understood [21-22]. In the current
study, we observed three different types of nuclear abnormalities, according to those described by the above authors,
lobed nuclei, segmented nuclei and kidney-shaped nuclei.
The frequency of these nuclear abnormalities followed a
similar pattern of micronuclei; therefore, our results also
indicate that nuclear abnormalities are analogous to micronuclei. However, more research is needed to understand the
origin of these abnormalities and for standardizing the use
of this biomarker, before including it in routine genotoxicity tests.

FIGURE 5 - Nuclear DNA content variation (CV) in blood cells of
Sparus aurata as a function of benzo[a]pyrene dose and exposure
period. All results are expressed as a percentage of control CVs.
Bars and error bars represent means and standard errors. Asterisk
indicates significant effects relative to solvent control: ** = p<0.01.
Control represents seawater control and solvent control is acetone
control.

The results of the flow cytometry analysis presented in
Fig. 5 point to a similar response of control and exposed
individuals over all exposure times, except 96 h, where CV
values from 50 µgL-1 B[a]P concentration were 19% higher
than the solvent control (p<0.01). No significant differences
were detected over all exposure times between control and
solvent control groups. In contrast to the remaining biomarkers, there was a lack of response of the FC assay to
detect B[a]P-induced genotoxicity. Although it would be
anticipated that the response of the FC assay might differ
from AGE assay, a general conformity with the MN results
would be expected. In fact, in a companion study [11], both
MN and FC assays showed a fine conformity in detection
of DNA damage in blood cells of juvenile S. aurata exposed
to endosulfan for 96 hours. Flow cytometry is recognized as
very efficient and fast method [23-24], and it is an established assay for genotoxicity detection [23, 25]. Neverthe-
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less, the results are also sensitive to overtime variation in
the operation of the flow cytometer (see [26], where this
issue is discussed). Ideally, all samples should be read in a
single run of the equipment, or alternatively the number of
runs should be kept to a minimum. Given the high number
of samples analyzed in the current study, several runs were
required. This may have resulted in high enough inter-run
variation that masked the effects of exposure to B[a]P.
On the whole, our results of genotoxicity biomarkers
indicate that the information produced by each assay does
not overlap. The AGE assay is especially appropriate to
address the ethiology of DNA damage and repair mechanisms, or to obtain qualitative information on the type of
genotoxic insult (single versus double strand breaks). The
MN and, eventually, FC assay provide a consistent means
of detection of DNA damage, integrating the genotoxic
insult overtime.
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AN INVESTIGATION ON THE RADIOLOGICAL
INFLUENCE OF AN UNDERGROUND COAL
MINE IN ZONGULDAK BASIN, TURKEY
Hüseyin Aytekin* and Rıdvan Baldık
Zonguldak Karaelmas University, Department of Physics, 67100, Zonguldak, Turkey.

ABSTRACT
Üzülmez underground coal mine, one of 5 collieries in
Zonguldak bituminous coal basin, is located on the West
Black Sea region in Turkey. The radioactivity of the terrestrial natural radionuclides 226Ra, 232Th and 40K in rock and
coal samples from 17 different locations in the mine were
measured by using gamma spectrometry to determine the
radiological implication of the mine. The highest radioactivity concentrations for 226Ra, 232Th and 40K were found
to be 118.8, 49.1, 561.7 Bq kg-1 and 127.7, 145.3, 1125.9
Bq kg-1, in coal and rock samples, respectively. The radium equivalent activity, the internal hazard index and the
annual dose equivalent associated with the radionuclides
were calculated to assess the radiological hazard of natural
radioactivity in the samples, and compared with the international recommended values. The measured activity concentrations were also compared with those from other countries in the world. The results show that radiological effects
of natural radionuclides emanated from rock and coal are
negligible for this mine.

phate minerals, such as monazite and apatite. In contrast,
uranium is found in both the mineral and organic fraction
of coal. Some of the uranium may be added slowly from
groundwater over geological time because of the extraction
of dissolved uranium by organic matter.
The decay products of 238U and 232Th are much more
significant in terms of radioactivity for health and environment than 238U and 232Th itself. 226Ra is a decay product
of 238U decay series, and it has significant radioactivity
and is chemically active for human exposure. When the coal
is mined, 226Ra and 222Rn are released. Radon gas is the
most important source of radiation to which the workers are
exposed. Radon survey in Üzülmez mine was carried out
by Fişne et al. [3] in 2002. They have found the mean radon concentration as 672 Bq m-3. This value is in the range
of the action level of 500–1500 Bq m-3, recommended by
ICRP [4]. Therefore, it is important to study the radiological influence of this mine. In this aim, gamma spectrometric method is used to analyze the rock and coal samples
collected at different locations of the mine. This study also
includes the dose estimations, radium equivalent activity
and internal hazards` index for the workers in this mine.

KEYWORDS: Underground coal mine, radionuclide, gamma spectrometer, exposure and risk

INTRODUCTION
40

K, 238U and 232Th are the three naturally occurring
radioactive elements. 40K is a major component of most
rocks and is the predominant alteration element in most
mineral deposits. 238U and 232Th are present in trace amounts,
as mobile and immobile elements, respectively. Generally,
activity concentrations of natural radioactive isotopes in
coal are of the same order as those in common rock, and
soil, on average (35 Bq kg-1 for 238U) [1]. Data on uranium
and thorium contents of coals are available from US Geological Survey or Ref. [2]: Similar uranium concentration
values are found in a variety of common rocks and soils.
Most of the thorium in coals is contained in common phos-

MATERIALS AND METHODS
Area under study. Zonguldak coal basin, located on the
West Black Sea coast, is the main part of the Upper Carboniferous bituminous coal basin of Turkey. Much of the
bituminous coal mining has been concentrated in the
Zonguldak basin [5] (Fig. 1). The coal seams are located in
a Carboniferous deltaic sequence of Westphalian age [6].
The geology of the area indicates faulted and fractured
structure. The estimated coal reserve, mainly used in the
Turkish iron and steel industry, is ~1.4 Gt of coal in this
basin [7], and their aerial extent is 13,000 km2. The collieries in Zonguldak basin are mainly divided into 5 regions,
Armutçuk, Kozlu, Üzülmez, Karadon, and Amasra, from
west to east. Üzülmez, chosen as study area, is one of the
most important coal production (nearly 453,000 tons of
coal annually) areas among these collieries.
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FIGURE 1 - Geological map of Zonguldak bituminous coal basin, Turkey [5].
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FIGURE 2 - Locations of the samples in the Üzülmez coal mine.
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Sampling. Seven coal and nine rock samples were
collected from 17 different locations in the Üzülmez coal
mine in March 2007 (Fig. 2). Samples were crushed to
about 100 µm size and dried for 24 h in an air circulation
oven at 105 oC in the laboratory. Dried samples were
mixed to prepare homogenous samples and put into polyethylene bags. About 150 g of each sample was sealed for
30 days before determination of uranium and thorium to
attain radioactive equilibrium with their daughter products
and to prevent radon loss. After attainment of secular equilibrium between 238U, 232Th and their radioactive progeny,
the samples were subjected to gamma-ray spectrometric
analysis made at the Institute of Nuclear Science of Ege
University, İzmir, Turkey.
Gamma spectrometry technique for estimation of natural
226
radioactivity. Laboratory measurements of
Ra, 232Th and
40

K in rock and coal samples were made using a gamma
ray spectrometer with 76x76 mm NaI (Tl) detector. Concentrations of 226Ra and 232Th were assessed from the intensity of gamma lines of 214Bi (1.76 MeV) and 208Tl (2.62
MeV), respectively. Concentration of radioactive potassium
was measured directly by its gamma-line of 1.46 MeV.
Counting was done for 10,000 s together with background
measurements made under the same conditions for samples.
There is an important problem due to 238U and 226Ra
disequilibrium in geological materials. Therefore, the concentration determined through the product activities relies
on the assumption that the 238U decay series represents
equilibrium, and is called the equivalent uranium (eU) concentration [8, 9]. This method was used for the determination of eU, eTh (equivalent thorium) and K % (radioactive
potassium) in the present study. In order to relate to the
concentrations of U, Th and K in the samples, the following equations were used [10]:
eTh (ppm) = C(Th)/K1

(1)

eU (ppm) = (C(U)-αC(Th))/K2

(2)

K (%) = (C(K)-γ(C(U)- αC(Th))-βC(Th))/K3

(3)

where α, β and γ are known as stripping ratios indicating the interaction among the K, U, Th channels during
counting. C (U), C (Th) and C (K) are the count rates to
each channel of U, Th and K in the samples. Determination of stripping ratios was undertaken by accurately measuring count rates in all channels from pure series-equilibrium

uranium and thorium sources. K1, K2 and K3 are sensitivity factors for each channel and were determined by the
measurement of standards (625 ppm eU, 150 ppm eTh and
52% K) under appropriate conditions. Experimental values of stripping rations α, β, γ, as well as sensitivity factors K1, K2 and K3 were 0.74, 0.83 and 1.24, as well as
34.32, 120.74, and 937.79, respectively.
Absorbed and effective dose rates. The absorbed gamma
dose rate in air, 1 m above the ground surface, for uniform
distribution of radionuclides (226Ra, 232Th, and 40K) is computed on the basis of guidelines provided by UNSCEAR [1,
11]. The conversion factors are used to compute absorbed
gamma dose rate (D) in air per unit activity concentration
in Bq kg–1 and correspond to 0.462 nGy h–1 for 226Ra, 0.621
nGy h–1 for 232Th, and 0.0417 nGy h–1 for 40K, respectively.
Thus, gamma dose rate can be expressed as follows [1, 12]:

D = [0.462CRa+0.604CTh+0.0417CK]nGyh–1

where, CRa, CTh and CK are the average activity concentrations of 226Ra, 232Th, and 40K in Bq kg–1, respectively. Radioactivity and absorbed dose rates in air from rocks
and coals are given in Tables 1-2.
To estimate the annual effective dose rates, the conversion coefficient and outdoor occupancy factor were used
as 0.7 Sv Gy–1 and 0.2, respectively, proposed by UNSCEAR [1]. Thus, the annual effective dose rates (AED)
can be given as follows:
AED (mSv y–1)=D (nGy h–1)x8760hx0.2x0.7µSvGy–1 (5)
where D is absorbed dose rate in air. The results of
annual effective dose rates from rock and coal are also
given in Tables 1-2.
Radium equivalent activity. Hamilton [13] defined an
index called the ‘radium equivalent activity’ to obtain the
sum of activities for comparison of the specific radioactivities of materials containing different radionuclides like Ra,
Th and K. Krisiuk et al. [14] and Stranden [15] have estimated that 370 Bq kg–1 (10 pCi g-1) of 226Ra, 260 Bq kg–1
(7 pCi g-1) of 232Th and 4810 Bq kg–1 (130 pCi g-1) of 40K
produce the same gamma-ray dose rate. Thus, the radium
equivalent activities (Raeq) are estimated using the following equation:

Raeq = ARa+(ATh1.43)+(AK0.077)

(6)

TABLE 1 – 226Ra, 232Th and 40K activity concentrations, radium equivalent activities (Raeq).,
internal hazard indices (Hin), dose rates (D) and annual effective dose rates (AED) in Üzülmez coals.
Samples
C1
C2
C3
C4
C5
C6
C7

226
Ra
(Bq kg-1)
55.9
25.3
52.0
27.9
44.4
59.0
118.8

232
Th
(Bq kg-1)
39.4
18.2
31.0
25.4
49.1
45.3
29.9

(4)

40
K
(Bq kg-1)
19.6
16.1
15.9
76.1
561.7
329.5
113.7

Raeq
(Bq kg-1)
113.76
52.56
97.49
70.08
157.89
149.18
170.37
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Hin
0.43
0.20
0.37
0.26
0.55
0.54
0.64

D
(nGy h–1)
50.44
23.35
43.38
31.40
73.60
68.37
77.71

AED
(µSv y–1)
62
29
53
39
90
84
95
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TABLE 2 - 226Ra, 232Th and 40K activity concentrations, radium equivalent activities (Raeq).,
internal hazard indices (Hin), dose rates (D) and annual effective dose rates (AED) of rock samples in the Üzülmez coal mine.
226
Ra
(Bq kg-1)
89.1
68.2
73.6
127.7
51.0
47.9
54.9
43.6
89.2

Samples
R1
R2
R3
R4
R5
R6
R7
R8
R9

232
Th
(Bq kg-1)
76.2
48.8
52.5
145.3
57.6
30.2
26.8
35.5
29.8

40
K
(Bq kg-1)
725.8
617.7
769.9
1125.9
883.6
216.9
147.6
453.9
257.6

Raeq
(Bq kg-1)
253.96
185.55
207.86
422.17
201.33
107.71
104.65
129.26
151.68

Hin

D
(nGy h–1)
117.46
86.74
97.78
193.71
95.16
49.38
47.73
60.49
69.97

0.91
0.66
0.73
1.51
0.69
0.39
0.38
0.45
0.56

AED
(µSv y–1)
144
106
120
238
117
61
59
74
86

where ARa, ATh and AK are the activity concentrations
of 226Ra, 232Th and 40K in Bq kg-1, respectively. The results
of radium equivalent activity are presented in Tables 1-2.
700

The internal exposure to radon
and its daughter products is quantified by internal hazard
index (Hin). Hin must be less than unity for radiation hazard to be negligible. The internal hazard index can be calculated by the following equation [16]:
Internal hazard index.

40

The Ra, Th and K radioactivity concentrations
in coal and rock samples from the Üzülmez coal mine are
presented in Figs. 3 and 4. The 232Th and 40K levels of
rock samples are nearly higher than that of coal samples.
The highest radioactivity concentrations for 226Ra, 232Th
and 40K were found to be 118.8, 49.1, and 561.7 Bq kg-1
as well as 127.7, 145.3, and 1125.9 Bq kg-1, in coal and
rock samples, respectively.
The calculated absorbed gamma dose rates in air from
1 m above the ground surface, the annual effective doses
for workers, the radium equivalent activity (Raeq) and internal hazard index were calculated. These results are also
seen in Tables 1 and 2. Radium equivalent activity, airabsorbed dose rates, annual effective dose rates and internal hazard index in coal samples ranged between 52.6170.4 Bq kg-1, 23.4-77.7 nGy h-1, 29-95 µSv y-1 and 0.20.64, respectively. For the rock samples, these values ranged
between 104.7-422.2 Bq kg-1, 47.7-193.7 nGy h-1, 61144 µSv y-1 and 0.38-1.51, respectively. The radium equivalent activities, air-absorbed dose rates, annual effective
doses and internal hazard indices in the rock samples were
generally higher than those of the coal samples.
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RESULTS AND DISCUSSIONS
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FIGURE 3 - Activities of 226Ra, 232Th
and 40K in coal samples collected in the Üzülmez coal mine.
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for 232Th are higher than the range (9.8 Bq kg-1 and 28.4
Bq kg-1) of the values determined elsewhere in the world.
The obtained specific activities of 226Ra and 40K by our
study are generally within the ranges 15.8 Bq kg-1 and 289.9
Bq kg-1 found in the literature for other countries.

100

226

Ra Activity Concentration (Bq/kg)

90
80
70
60
50

CONCLUSIONS

40

The activity concentrations of the radionuclides in the
samples ranged from 18.2 Bq kg-1 for 232Th in coal samples to 1125.9 Bq kg−1 for 40K in rock samples. 40K is the
greatest contributor for the rock and coal samples. It was
recorded that the natural radioactive element concentration
of rocks is generally higher than that of coals. The radiological effect of natural radionuclides emanated by rock
and coal is considered to be negligible, because Raeq values
of the measured samples are generally lower than the limit
value 370 Bq kg-1, equivalent to a gamma dose of 1.5 mSv
y-1. The Raeq value was found to be higher than the limit
value for only R4 sample. Thus, the high radon concentrations, recorded earlier [3] in Üzülmez mine, can be attributed to the increasing mining operations. Since the more
mining operation causes the more radon to be released,
then the higher ventilation rate is needed for the protection
from radiological hazards for the workers in the mine.
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ABSTRACT

INTRODUCTION

The Black Sea is highly vulnerable to pollution due to
its geographical setting, layered oceanographic and chemical conditions, as well as the extent of human-induced stress
over their coastal environment. Inputs of harmful substances,
in particular oil, constitute a threat to this semi-enclosed
ecosystem, especially in the vicinity of port activities and
river discharges. One of the most important hot spot areas
is an industry region between the coastal cities of Zonguldak
and Ereğli, a leading province of Turkey in terms of industrial production. Synchronous excitation/emission scans
were evaluated to determine the relative fluorescence and
to characterize the type of aromatic hydrocarbons in the
samples collected from the western Black Sea shelf of this
industrial region in 2005. The fluorescence signals of two
reference materials were used; these are 1) chrysene and 2)
combined reference material obtained from seven different crude oils (THETIS-OIL) used and transported in the
Black Sea region. According to NOAA sediment quality
criteria, the surface sediments in the region are mostly contaminated by acutely toxic PAHs which cause serious toxicity. On the basis of the spectra of families representing
aromatic structures, hydrocarbon levels show wide-range
distribution. Total aromatic hydrocarbon levels ranged from
1.7 to 1588.7 µg g-1 with 80.9% exceeding the effects range
median (ER-M) of 44.8 µg g-1. Highest level of pollutions
was observed at two distinct spots offshore the Zonguldak
sea port and a cement factory in Ereğli; which are 1550–
1600 µg g-1 and 240–260 µg g-1 using THETIS oil and
chrysene, respectively. Pyrolytic activity is dominant in the
east, offshore the Zonguldak, while pyrolytic activity mixed
with petrogenic activity is dominant, especially in the western side of the study area, offshore the industrial town of
Ereğli.

KEYWORDS: sediment contamination, aromatic hydrocarbons,
Black Sea, spectrofluorometry, chrysene, reference material

Petroleum hydrocarbons (PHCs) are complex mixtures
in both composition and molecular structure, mostly originating from crude oil. PHCs contain a wide range of chemical products, such as gasoline, kerosene, fuel oil, jet oil,
heavy oil and lubrication oil. These pollutants can accumulate into the marine environment through direct discharge,
river inputs, surface run-off, as by-products from commercial or domestic uses, atmospheric deposition (e.g. from
the burning of fossil fuels), and autochthonous organisms.
Polycyclic aromatic hydrocarbons (PAHs) may arise from
PHCs pollution.
Sediments are essential components of marine ecosystems. Based on their affinity to sorb to particles and organic
carbon in the sediment, contaminants have potential biological impacts to benthic organisms in many ways and to the
overlying water-body, as they serve as diffuse sources of
contamination.
The total annual sediment load into the Black Sea basin is at least 145 million tons. Modern sediment load and
water inputs of the Turkish rivers are estimated annually at
28 million tons and 41 km3, respectively [1]. Among the
most ecologically threatened water-bodies of the world,
the Black Sea is mostly polluted with oil, particularly close
to sea ports and river mouths.
Oil waste discharged into the Black Sea is estimated to
be 110,840 tons annually; nearly half of it is transported by
the Danube River (53,300 tons) and the rest from landbased sources of the Black Sea coastal states [2]. The accidental oil spills are relatively small, hardly reaching 150 tons
per year. No information is included for illegal shipping
discharges. Such levels do not appear to pollute the whole
sea but are unreasonably high in many localities, or even
regions.
In the surface waters (0–10 m) of the Black Sea, petroleum hydrocarbon levels are highest (>0.180 mg L-1) in
three distinct areas; the eastern coasts off the Georgian oil
terminals and ports, the western coasts influenced by point
source discharges and high levels of oil in Danube waters,
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and, finally, the western Turkish coast from Bulgarian frontier to the east of our study area [3]. In the latter case, the
region along the northern exit of the Strait of Istanbul
(Bosporus) in the west is not an industrial region, but it is
placed at the northern exit of a water exchange system and
on the main shipping routes, mainly to Odessa in the north
and to Novorossiysk in the northeast. Oil contamination in
the sediments of this region, however, is considerably less
(5.5–60 µg g-1) than those found in surface waters. High
speed Black Sea currents and clean Mediterranean water
within the two-layer water exchange should be preventing
most of the deposition in sediment. To the east of the
Bosporus, oil contamination in sediments becomes more
crucial (>190 µg g-1) [3].
Even the Turkish Black Sea is not a region industrialized heavily, the Zonguldak industrial region is possibly the
most important hot spot along its coast, and needs urgent
and particular action. The purpose of this paper was to determine the concentration of the total aromatic hydrocarbons
in the surface sediments of Zonguldak industrial region, to
provide data for comparison by different reference materials (crude oils and chrysene) and assess the possible source
of these compounds, whether pyrolytic or petrogenic input
from anthropogenic processes.
MATERIAL AND METHODS
Under great anthropogenic pressure due to the substantial freshwater input (320–350 km3 y-1) from the surrounding industrial and agricultural areas, especially central and middle-Eastern Europe, the Black Sea basin is
ranked among the most ecologically threatened water-

bodies of the world. Fortunately, beyond a great deal of
residential and commercial growth, the Turkish Black Sea
is not a heavily industrialized region with only some smallscale textile, food, forest manufacturers and metal industries mainly scattered around the settlement areas. There
are, however, some large industrial establishments between
the coastal cities of Ereğli and Zonguldak; both have the
highest industrialization and urbanization rates.
The most important plants are a cement factory and
iron/steel complexes located in Ereğli, and a thermal power
plant 20 km east of Zonguldak. Together with regional hard
coal production, these early industrial facilities are responsible for the major coastal hot-spots. The marine areas still
suffer from the impacts of water pollution from these industries, mostly due to the difficulties involved in enforcing environmental laws on the existing facilities. Beyond
land-based sources, trans-boundary pollution sources from
Black Sea riparian countries, heavy maritime traffic, particularly involving petroleum transports and fishing boats,
and the improper disposal of ballast and bilge waters as well
as solid waste are also important marine sources of pollution.
The sediments from the Zonguldak industrial region
were taken by using an Orange Peel grab sampler, in September 2005 on board of a research vessel from 21 stations (Fig. 1). The sampling depths were between 20 and
100 m with two short profiles constructed offshore the
cities of Ereğli (Z04–Z06) and Zonguldak (Z14–Z16). The
topmost 0–5 cm of the grab sample was carefully removed
using clean stainless steel spatula. The samples were stored
in a freezer at -20 °C until analysis.

FIGURE 1 - A) Study area, B) main rivers and C) sediment sampling stations.
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Sediment grain size analysis was undertaken in two
steps. First, with the coarse fraction, and then with the fine
fraction, using a method adapted from Folk [4] as described
by GERG SOP-8908. Total organic carbon (TOC) contents
were measured by means of the Walkley-Black method [5].
For petrol hydrocarbon analysis, samples were placed
in a labelled pre-combusted jar for chemical drying with
anhydrous sodium sulfate until the sample was dry, freeflowing, and homogeneous, then Soxhlet-extracted with
dichloromethane for 8 h with activated copper. Aromatic
fraction is obtained by adsorption chromatography, using
alumina:silica (1:2 volume) column chromatography [6].
A semi-quantitative estimate of the type of aromatic
hydrocarbons can be obtained by means of fluorescence
spectrometry [7]. Synchronous excitation/emission scans
were recorded to evaluate the relative fluorescence and to
characterize the type of aromatic hydrocarbons in the samples.
Although spectrofluorometric analyses are sensible to
aromatic hydrocarbons, the comparability of concentration
levels in different regions requires either using the same
standard in all similar studies or establishing fluorescence
calibration curves for all of the known crude oils [8, 9].
Standard response curves of fluorescence intensity versus
concentration are generated for 1) seven different crude oils
(from Libya, Saudi Arabia, Egypt, Syria, Caspian basin,
Iran and Iraq) representing their usage and transportation
in the Black Sea region [8], and 2) chrysene (Merck), the
standard aromatic hydrocarbon. As the geological source of
the seven different crude oils used and transported in the
Black Sea region is the Thetis Ocean, a huge paleogeographical sea dominant in the periods of Jurassic and Cretaceous, in this study, a combined name of THETIS-OIL
is given for the seven crude oils.

All measurements were analyzed by UV fluorescence
spectroscopy (Jasco-6300, Shimadzu). Samples were diluted
in order to give a reading within the linear calibration
range of the spectrofluorometer. Considering spectro-fluorometer conditions, excitation and emission wave-lengths were
fixed to 310 and 360 nm for single measurement, respectively. Then, for quantitative characterization, the excitation
wavelength was scanned from 270 to 670 nm. The rλ interval between λex and λem was constant and equal to 23 nm.
Resolved peaks in this work were obtained for excitation
and emission slit width set to 2.5 nm. Spectral data acquisition and processing were carried out in 1-cm quartz cells by
means of the program Fluorescence Data Manager Jasco6300PC, serially interfaced (Jasco PC Software) to the
Shimadzu spectrofluoremeter.
RESULTS AND DISCUSSION
Grain-size fractionation and
TOC content of bottom sediments

The variation of sediment contamination levels can be
partly explained by disparity of sediments. The changes in
the amount of various grain size fractions, for example,
can influence the chemical compositions of the sediments.
The bottom sediments in the study area are mainly composed of various size-grained sediments, mainly sand and
silt mixtures with small amount of clay (Table 1). The PAHs
in the sediment are also associated with the organic matter
[10]. The TOC content of the sediment samples, which
accounts for most of the variation in the uptake of contaminants by the sediment, is variable and ranges from 1.2
to 3.1% with an average of 1.8±0.4% (n=21). The samples
with lower TOC values are mostly coarse grained (Table 1).

TABLE 1 - Location, depth (m), textural features, TOC (%), moisture (%), and total aromatic hydrocarbon [TH]
contents (µg g-1 of dry weight) measured relative to each of the two standards in sediments collected from Zonguldak region.
Site
Z01
Z02
Z03
Z04
Z05
Z06
Z07
Z08
Z09
Z10
Z11
Z12
Z13
Z14
Z15
Z16
Z17
Z18
Z19
Z20
Z21

Depth
(m)
34
57
81
102
96
81
72
102
35
57
62
46
59
23
51
103
71
96
50
32
20

Shell
(%)
2.3
0.5
0.0
23.4
43.9
19.8
33.6
45.6
36.7
0.0
0.0
7.6
0.0
0.0
18.0
0.0
0.0
0.0
20.5
0.0
6.3

Pebble
(%)
0.1
0.0
0.3
26.1
4.3
28.2
24.2
27.0
2.6
0.1
0.0
0.9
0.0
0.0
6.2
12.9
0.0
0.0
10.6
0.0
0.9

Sand
(%)
2.9
98.4
2.5
33.9
82.2
23.2
24.5
24.9
45.9
28.9
9.4
9.2
13.5
12.7
29.8
27.8
32.6
9.6
3.9
96.5
4.8

Silt
(%)
71.8
1.6
56.1
21.5
9.8
24.9
25.6
25.3
41.8
45.4
56.5
52.7
52.2
41.6
42.5
34.7
51.7
69.7
62.1
3.5
67.8

Clay
(%)
25.2
0.0
41.0
18.5
3.7
23.7
25.7
22.7
9.7
25.6
34.1
37.2
34.3
45.6
21.5
24.6
15.7
20.7
23.5
0.0
26.5

Moisture
(%)
36.5
40.5
46.8
26.6
23.7
34.9
30.6
31.8
28.9
37.5
42.7
44.1
37.3
25.7
38.2
43.5
35.1
29.8
36.0
38.0
28.0
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TOC
(%)
1.6
1.5
1.8
1.8
1.8
1.7
1.7
1.8
2.6
1.6
1.7
2.4
1.6
3.1
2.3
1.4
1.8
1.8
2.2
1.4
1.2

Chrysene equiv.
[TH]
0.2 ± 0.1
17.6 ± 0.3
2.3 ± 0.2
0.2 ± 0.3
7.8 ± 0.2
22.1 ± 0.2
25.4 ± 0.4
42.1 ± 0.5
262.2 ± 1.9
100.2 ± 0.3
40.1 ± 0.4
72.4 ± 0.2
43.1 ± 0.3
241.7 ± 1.8
62.2 ± 0.4
3.2 ± 0.3
37.4 ± 0.2
80.2 ± 0.5
22.8 ± 1.2
98.6 ± 0.3
139.5 ± 1.2

THETIS-OIL equiv.
[TH]
1.7 ± 0.2
98.3 ± 1.5
11.7 ± 0.4
8.3 ± 0.6
57.6 ± 1.5
115.4 ± 1.4
137.2 ± 1.5
218.7 ± 1.1
1588.7 ± 9.5
533.7 ± 1.8
220.5 ± 3.3
429.6 ± 1.4
318.4 ± 1.9
1545.8 ± 1.8
389.9 ± 2.8
24.7 ± 1.0
298.6 ± 1.9
459.0 ± 0.8
207.4 ± 0.7
527.9 ± 1.4
680.9 ± 0.8
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The highest content of TOC was recorded offshore Zonguldak sea port (Z14 and Z15), at site Z9 offshore the cement
factory in Ereğli, around coal production area (Z12), and
at the mouth of Filyos River (Z19).
Petroleum hydrocarbon contamination of sediments

The total aromatic hydrocarbon contents in sediment can
be characterized by several ways and may vary significantly
depending upon the standard used. For evaluating these
contents in samples, the fluorescence signal of two standards was used systematically as reference. The concentrations in samples varied between 0.2-262 µg g-1 when
chrysene, the standard PAH, was used for calibration (Table 1). The highest concentrations were observed at the
sites Z14 and Z09 (240–260 µg g-1). On the basis of correlation equation response curve for THETIS-OIL determined by fluorescence techniques, on the other hand, the
concentrations varied between 2-1589 µg g-1 (Fig. 2).
Beyond very high pollution observed at the sites Z14 and
Z09 (1550–1600 µg g-1), overall results showed a wide
range distribution of pollution. On the basis of the spectra
of families representing aromatic structures, total aromatic
hydrocarbon levels ranged from 1.7 to 1588.7 µg g-1 with
80.9% exceeding the effects range median (ER-M) of

44.8 µg g-1, and 95.2% exceeding the effects range low
(ER-L) of 4.02 µg g-1. The variations in the results in sediment are usually in an average ratio of 1:6.4 (ranging between 1/5.0 and 1/7.8) using chrysene and THETIS-OIL,
respectively.
The effects range low and median (ER-L and ER-M)
values were used for assessment of aquatic sediment with
a ranking of low to high impact values [11]. Based on the
sediment quality guideline of effects range low (ER-L) and
effects range median (ER-M) in the Black Sea sediment,
PAH level was, in general, above the ER-M for total PAHs
of 44.792 µg g-1 (Fig. 2). An acceptable upper limit is 50 µg
g-1 for clean sea floor sediments [12] and concentrations
higher than 100 µg g-1 dry weight are mainly related with
terrestrial (riverine) inputs or port activities, on the basis of
classification adapted by Readman [13]. The sediment samples containing >100 µg g-1 confirm the existence of a
chronic oil pollution in the region, especially in the east, and
suggest the presence of high potential hazards to aquatic
organisms in the study area. Compared to other global locations as shown in Table 2, the concentration levels of petroleum hydrocarbons offshore Zonguldak sea port are relatively high.

FIGURE 2 - Distribution of the total aromatic hydrocarbon [TH] contents (µg g-1 of dry weight)
measured relative to the reference material representing THETIS-OIL used and transported in the
Black Sea region. The effect range median (ER-M) =44.8 µg g-1 and the effects range low (ER-L) = 4.02 µg g-1.
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TABLE 2 - Concentration ranges of total aromatic
hydrocarbon (TH) concentrations (µg g-1, dry weight)
in sediments collected from different global locations.
Locality
Ukraine coastline
Port of Sochi, Russian Fed.
Bosporus exit, Turkey
Northern Aegean estuaries
Caspian Sea, Azerbaijan
Gulf of Oman
Saudi Arabia, Gulf
Zonguldak industry region
Zonguldak hot spots

[TH]
3.2 – 1750
52 – 680
6.5 – 340
4.5 – 95.9
25 – 2000
0.4 – 1600
5.3 – 26,000
2 – 680
1500 – 1600

References
[13]
[13]
[13]
[14]
[15]
[16]
[17]
This study
This study

Relation between total aromatic hydrocarbon concentration,
sediment characteristics and organic carbon content

The changes in moisture and grain size fractions influence the chemical compositions of the sediments. The
correlation of total aromatic hydrocarbon levels with moisture (24–47%) and sediment texture, however, give not
much meaningful relationships in our case (r2<0.15, N=21).
If only the 6 samples recovered on the profiles Z04–Z06
and Z14–Z16 are considered, the mud content (range 13–
87%) is significantly positively correlated with the total
aromatic hydrocarbon concentrations (r2<0.58).
If all the sediments are considered, the level of total
aromatic hydrocarbon concentrations is positively correlated with the sediment organic carbon content (r2=0.42),
and also with the decreasing depth (r2=0.36). However, if
only the 6 samples which were recovered on the profiles
Z04–Z06 and Z14–Z16 are considered, higher correlation
levels are observed; 0.90 and 0.84, respectively. On the
basis of all sediments, the correlations of total aromatic
hydrocarbon concentration levels to the direct distance to
the shore (r2=0.27) and to the hot points (r2=0.14) are not
significant. However, if only the profiles Z04–Z06 and
Z14–Z16 are considered, they are significantly positively
correlated; 0.45 and 0.51, respectively.

study area. The disparities observed throughout the study
region are possibly caused by the combined effects of shipbased pollution and long-shore currents supplied with river
alluvium and coastal abrasion material that controls the distribution of bottom sediments in the study area. Some part
of sedimentary material may be transported over the upper
shelf zones due to the near-bottom suspension fluxes and
accumulates at elevated rates in some areas. Some other
discrepancies in the results may arise due to the inevitable
changes happening to the fluorescence characteristics of a
crude oil when released into the marine environment: loss
of volatile aromatics through evaporation, photo-oxidation,
and biodegradation.
Determination of polyaromatic structure

UV fluorescence in synchronous excitation-emission
technique constitutes a promising tool to be used in determining the polyaromatic structure of a compound since
Lloyd has developed this method [18]. Beyond its reduced
cost and time, this technique simplifies the emission of each
component of a mixture and gives a better-resolved spectrum for all mixture components [19].
In synchronous spectra, compounds with different numbers of fused aromatic rings exhibit their maximum emissions at particular wavelengths (spectral region from 270–
670 nm) [20]. According to the number of aromatic rings,
the US EPA (Environmental Protection Agency) priority
PAH compounds are divided into three groups, representing
two-, three-, four-, five-, and more-ringed PAHs [21, 22].
Petroleum hydrocarbons in crude oil and light-refined
products are dominated by the lowest molecular weight
PAHs with relatively low intensity of the penta- and hexaaromatics present [23]. However, 1–2 ring PAHs (S1) have
not been encountered in our samples (Fig. 3). It appears
likely that the more volatile S1 PAHs are rapidly lost in this
environment, through evaporation/decomposition.

Various correlations between the main parameters seem
to be more meaningful near the coastal hot spots in the

FIGURE 3 - Synchronous excitation/emission (nm) fluorescence spectra of aromatic hydrocarbon fractions of the sediment samples.
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In stations Z02, Z03, Z04, Z05, Z07, Z08, Z09, Z10,
Z11, Z16 and Z19, there is a mixture of petrogenic (threering) and pyrolytic derivates (four and more aromatic rings)
PAHs (Fig. 3). The pyrolytic contamination of these stations
could be attributed to fossil fuel oil particulates emission
by commercial vessels. Pyrolysis/ combustion of fossil materials yields such PAH assemblages, which are subsequently
introduced into the marine environment by coastal and
river runoff [10, 24], as well as direct dry or wet deposition
from the atmosphere [25]. Industrial (e.g. cement plant near
Z09) and domestic wastes, mostly via creeks in our case,
are often other important sources. An abundance of highmolecular (5 and more rings) weight PAHs, typically encountered in atmospheric particles and urban aerosols [26,
27], is characteristically of pyrolytic origin. Combustion
products could be delivered to the study area via atmospheric
particulate transport, even from long distances by wind
[28], and also enriched by river discharges.
A gentle increment in emission between 440-500 nm
on the synchronous scan for the stations Z14 and Z15 (Fig.
3) shows increased content of 5- and more-ringed PAH
series and fuel oil oxidation products (S3–S4). In addition,
offshore the Zonguldak sea port, an apparent seaward change
is evident from higher ring (Z14) to lower ring PAHs (Z16),
which implies that the source of pollution comes from the
sea port.

most serious pollution source in the Zonguldak sea port
region, and to its east where pyrolytic activity is found to be
dominant. Pyrolytic activity mixed with petrogenic activity,
on the other hand, dominated at the western side, in the
vicinity of the industrial town of Ereğli.
On the basis of such a descriptive framework, the region needs urgent and particular action. Port activities seem
to pose increasingly serious threat in near future with increasing transportation of crude oil to international markets
via Black Sea. The budget of pollutants via rivers is not
precisely known due to an evident lack of data on chemical and granulometric composition of the river run-offs and
their fluxes. Therefore, the marine sediments are very important in estimating the degree of damage given to the
ecosystem by such inputs. Monitoring atmospheric deposition may also be another critical issue in the study area
which receives significant input of toxicants and nutrients.
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The average intensity of the total aromatic hydrocarbon content for the stations indicating pyrolytic activity was
about 69% higher that that for the stations having pyrolytic activity mixed with petrogenic activity. This finding
should be directly related with the distance of the stations
to the coast and to known hot spots along the coast. So, that
offshore stations have higher petrogenic activity than nearshore ones.
CONCLUSION
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ABSTRACT

INTRODUCTION

Methyleugenol is a natural, widely used constituent of
foods, cosmetics, soaps and shampoos. The purpose of this
study was to evaluate the effects of methyleugenol on the
liver, kidney and small intestine. Methyleugenol was given
by gavage to rats for ten days at doses of 10 mg/kg and
30 mg/kg. In liver, widening of the sinusoidal area, necrotic
and hypertrophic hepatocytes, cytoplasmic vacuolization
in hepatocytes, degeneration of endothelium, mononuclear
cell infiltration, and picnotic nuclei were observed. In kidney, loosing of glomerulus, mononuclear cell infiltration,
focal bleeding around tubules, degenerative tubules, epithelial membrane degeneration, hypertrophic epithelial cells,
and accumulation of material in proximal tubules were observed. In small intestine, increased mitotic figures in the
base of villi, edema in connective tissue, connective-epithelial tissue separation, diminished connective tissue in lamina propria, a foam-like appearance, and leukocyte infiltration were observed. There were no significant changes in
superoxide dismutase (SOD) and catalase (CAT) activity,
but glutathione peroxidase (GPX) activity was significantly increased in the kidney and small intestine at 30 mg/ kg
(p<0.05). The amount of total protein was significantly
increased in liver (p<0.05), but not changed in the kidney
and small intestine. We concluded that the toxic effects of
methyleugenol must be evaluated in greater detail.

KEYWORDS: methyleugenol, superoxide dismutase, glutathione
peroxidase, catalase

ABBREVIATIONS
CAT, catalase; GPX, glutathione peroxidase; ROS,
reactive oxygen species; SOD, superoxide dismutase.

Methyleugenol (C11H14O21: 4-allyl-1,2-dimethoxybenzene) is a natural essential oil of a number of plant species, and is widely used in foods as a flavoring agent and
in cosmetics, soaps, and shampoos as a fragrance agent
[1, 2]. Methyleugenol has also been used as an insect attractant in eradication programs and as an anesthetic in
rodents [3]. Much background information regarding this
compound has been reviewed [4-9]. It has been reported
that methyleugenol has an anti-allergic activity and can
inhibit ana-phylaxis in rats [10], as well as inhibiting
histamine re-lease and suppressing expression of the histamine-forming enzyme L-histidine decarboxylase in mast
cells [11]. It has also been reported that methyleugenol
inhibits constriction in the isolated guinea pig ileum induced by acetylcholine, histamine, and KCl through direct
action on smooth muscle [12], and has hypotensive effects
in rats [2].
Methyleugenol was been nominated for testing because of its widespread use and its structural resemblance
to the known carcinogens safrole, isosafrole and estragole
by National Toxicology Program [3]. The NTP evaluated
methyleugenol in a rodent bioassay using oral gavage and
concluded that there was clear evidence of carcinogenicity
in F344 rats and B6C3F1 mice [3]. This conclusion was
based on increased rates of hepatocellular carcinoma, hepatocholangiocarcinoma, neuroendocrine tumors of the
stomach, and other tumor types in several other tissues.
The toxic effects of methyleugenol have been investigated
by several studies [3-5, 13]. It was reported that methyleugenol had cytotoxic and genotoxic effects in isolated rat
hepatocyte, as determined by lactate dehydrogenase (LDH)
release and unscheduled DNA synthesis (UDS) assay, respectively, over a wide range of concentrations between
500-5000 µM methyleugenol [4]. Toxicity of methyleugenol was also investigated by a gavage study (at 0, 10, 100,
300, and 1000 mg/kg doses), where increased serum alanine
aminotransferase and sorbitol dehydrogenase activity, bile
acid concentration, and hepatocellular injury, were observed
[5]. It was also reported that methyleugenol induced hypo-
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proteinemia and hypoalbuminemia, and increased gastrin
and gastric pH, in rats and mice [5]. Moreover, Kupffer
cell pigmentation, bile duct hyperplasia of the liver, and
atrophy and chronic inflammation of the mucosa of the
glandular stomach were observed as degenerative effects
of methyleugenol [5]. In another related study by gavage
at doses of 37, 75 and 150 mg/kg/day for 2 years,
nonneoplastic hepatic lesions including eosinophilic and
mixed cell foci (rats only), hypertrophy, hyperplasia, cystic
dege-neration (rats only), bile duct hyperplasia, necrosis
(mice only), and hemapoietic cell proliferation (mice
only) were observed [7]. It was also reported that methyleugenol enhances bile secretion by increasing bile acidindependent flow and is associated with biotransformation
products in bile samples [14].
Methyleugenol is an analogue of the phenolic compound eugenol [15]. Eugenol has been reported to have
antioxidant properties by several studies [16-18]. These
studies suggested that eugenol reduces iron-induced hepatic damage by lowering lipid peroxidation [16], protects
membranes from free radical attack, and removes CCl4
oxidative stress by maintaining the activities of antioxidant
enzymes at normal levels [17]. It was also reported that
eugenol acts as an in vivo antioxidant and is a preferential
inducer of phase II over phase I enzymes [18]. Superoxide
dismutase (SOD; E.C 1.15.1.1), glutathione peroxidase
(GPX; E.C 1.11.1.9) and catalase (CAT; E.C 1.11.1.6) are
the key enzymes of the antioxidant defense system against
reactive oxygen species (ROS) [19-21]. It is believed that
changes in the activities of these enzymes are signs of cell
defense against oxidative stress [22, 23]. There are currently no data regarding the effects of methyleugenol on
SOD, GPX and CAT activity. Therefore, we aimed to study
the short-term effects of methyleugenol on the liver, kidney
and small intestine by histopathological evaluation and bioassay of changes in SOD, GPX and CAT activity.
MATERIALS AND METHODS
Chemicals and dose preparation

Methyleugenol (CAS # 93-15-2; 99% pure) was obtained from Merck Chemical Company (Hohenbrunn, Germany) and methyl cellulose (CAS # 9004-67-5) from
Sigma-Aldrich Chemical Company (Steinheim, Germany).
Doses were prepared by mixing methyleugenol with a
0.5% aqueous methyl cellulose suspension to give 10 mg/
kg and 30 mg/kg body weight.

methyleugenol-treated groups was given either 10 mg/kg
or 30 mg/kg body weight of methlyeugenol (in 0.5% methylcellulose) by gavage for ten days. The control group received 0.5% methylcellulose on the same dosing schedule
simultaneously.
This study was approved by the Local Ethical Committee of the Trakya University, School of Medicine.
Microscopic pathology

Liver, kidney and small intestine samples were dissected under anesthesia with 5-10 mg/kg Rompun (%2)
(Xylazine hydrochloride) from Bayer (Istanbul, Turkey)
and 50-70 mg/kg Ketasol (%10) from Richterpharma (Wels,
Austria). Tissues were fixed with Bouin’s solution (Cat No;
15990-01) from EM Science (Germany), embedded in
paraffin, sectioned at 5 µm, and stained with hematoxylin
and eosin for light microscopy.
Biochemical assay

Tissue samples from liver, kidney and small intestine
were washed with cold 0.9 % saline and kept frozen at
-80 0C until homogenization. Tissue samples (0.5 g) were
homogenized with 5 volume per weight, 0.05 M phosphate
buffer pH 7.0 containing 1% (w/v) Triton X-100 by glassglass homogenizer for 5 minutes. Extract was centrifuged
for 20 min at 10 000 g (+4 0C). The supernatant (S1) was
used in the assay for GPX. CAT was measured in the
same fraction (S1) after addition 0.2 volume ethanol (1%
v/v) and incubation in the cold for 15 min. An aliquot of
the S1 supernatant was precipitated on ice with 0.3 volume
chloroform/ethanol (3:5 v/v), stirred on ice for 15 minute
and centrifuged at 10 000 g for 15 minute. The supernatant
from this (S2) was used in the assay of SOD activity [24].
SOD and GPX activities were measured by using Ransod
kit (Randox Cat. No; SD 125, United Kingdom BT29 4QY)
[25-28] and Ransel kit (Randox Cat. No; RS 505, United
Kingdom BT29 4QY) respectively [29-31], with a spectrophotometer (Shimadzu-1240, Japan). One unit SOD activity was defined as that the amount of enzyme that causes
a %50 inhibition of the rate of reduction of I.N.T. (2-(4iodophenyl)-3-(nitrophenol)-5-phenyltetrazolium chloride)
under the conditions of assay (at 37 0C, pH 7.0). One unit
GPX activity was defined as the amount of enzyme that
oxidized 1 µmol NADPH to NADP in one minute at 37 oC.
One unit CAT was defined as the amount of enzyme, that
decomposed 1 µmol H2O2 per minute at 30 oC and pH 7.0
[32]. The amount of total protein of liver, kidney and
small intestine were determined by using the method of
Lowry [33].

Animals and treatments

Thirty male Wistar albino rats weighing 235±35 g
were obtained from Department of Experimental Animals
of Trakya University, Edirne, Turkey. Animals were kept
at 24-26 oC, with a relative humidity of 50-70%, on a 12-h
light/dark cycle, with complete air change of ten times per
hour. They were divided randomly one control and two
methyleugenol-treated groups (n=10 each). Each of the

Statistical analysis

All the data were tested for normality by using the Kolmogorov–Smirnov test. Normally distributed data were
tested by using ANOVA and then pair-wise comparisons
were done by using Bonferroni’s test. The nonparametric
Kuskal-Wallis test was used for data which were not
appropriate for the parametric ANOVA. The significant
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differences in the data were tested by using the MannWhitney’s U test. Mean is given with standard deviation
(mean ± Std. Deviation). In the analyses, the p<0.05 significance level was used.
RESULTS
Microscopic pathology

Pathologic investigation by light microscopy revealed
that necrotic changes occurred in the liver of rats treated
with methyleugenol in 10 and 30 mg/ kg doses, as compared
to the control group (Fig. 1a). Widening of the sinusoidal
area around the central vein (Fig. 1b), necrotic and hyper-

trophic hepatocytes (Fig. 1c, d), cytoplasmic vacuolization
in hepatocytes (Fig. 1d, f), degeneration of blood vessel
endothelium (Fig. 1c, e), picnotic nuclei (Fig. 1d), and
mononuclear cell infiltration in small areas (Fig. 1c, e),
were noted as degenerative changes in the liver.
Degeneration was also observed in the kidney. Mononuclear cell infiltration around the glomerulus, focal points
of bleeding around tubules (Fig. 2b, d), membrane degeneration in tubule lining epithelium (Fig. 2b, f) and lost of
glomerulus (Fig. 2c), hypertrophic epithelial cells (Fig. 2f),
and accumulation of material in tubules (Fig. 2d) were observed.

FIGURE 1 - a) Control of liver, central vein and hepatocytes. v; central vein, s; sinusoids, b)10 mg/kg methyleugenol, s; widening of
sinusoids, c) n; necrotic and hypertrophic hepatocytes, *; degeneration of blood vessel endothelium, inf; mononuclear cell infiltration
d) 30 mg/kg methyleugenol, v; vacuolization and loosing of cytoplasm, p; picnotic nuclei, n; necrotic and hypertrophic hepatocytes e)
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inf; mononuclear cell infiltration, n; necrotic and hypertrophic hepatocytes f) *; degeneration of blood vessel endothelium, v; central
vein, n; necrotic and hypertrophic hepatocytes, H&E.

FIGURE 2 - a) Control of kidney, g; glomerulus, p; proximal tubule, d; distal tubule, m; macula densa, b) 10 mg/kg methyleugenol,
inf; mononuclear cell infiltration, d; degeneration of tubules, *; degeneration of membrane, c) inf; mononuclear cell infiltration, d;
degeneration of glomerulus, loosing of integrity, d) 30 mg/kg methyleugenol, bp; bleeding point, inf; mononuclear cell infiltration,
accumulation of material in tubules (→), e) inf; mononuclear cell infiltration, loosing of integrity of genaral structure, f) *; degeneration of membrane, h; hypertrofic cells, H&E.

There were relatively fewer degenerative changes in
the small intestine. Particularly in the 10 mg/kg methyleugenol-treated group, the general structure of the tissue
was preserved as compared to the control group (Fig. 3b,
c). Increased mitotic figures in the base of villi (Fig. 3b);
edema in connective tissue (Fig.3d); separation between

connective-epithelial tissues, diminished connective tissue
in lamina propria, and a foam-like appearance (Fig.3d, e,
f); and leukocyte infiltration (Fig.3e, f ) were observed.

490

© by PSP Volume 18 – No 4. 2009

Fresenius Environmental Bulletin

Biochemical assay

The effect of methyleugenol on SOD is given in Fig. 4.
It was determined that the changes in SOD activity was not
statistically significant (p>0.05) in liver, kidney and small

intestine. The effect of methyleugenol on GPX activities is
given in Fig. 5. GPX activity was also not significantly (p>
0.05) changed in liver but there was a significant increase
(p<0.05) in kidney and small intestine.

FIGURE 3 - a) Control of small intestine, ep; small intestine epithelium, g; goblet cell, c; connective tissue, b) 10 mg/kg methyleugenol, *; increase of mitotic figures in base of villus, c; connective tissue, c) preserved general structure in low dose, ep; small intestine epithelium, c; connective tissue, d) 30 mg/kg methyleugenol, *; the edema in connective tissue and separation between connective-epithelial tissues, ep; small intestine epithelium, g; goblet cell, e-f) *; diminish of connective tissue in lamina propria and appearances like foam shape, inf; infiltration of leukocyte, ep; small intestine epithelium, g; goblet cell, H&E.
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FIGURE 4 - The effect of methyleugenol on SOD activities. Changes of SOD activity in all
doses are not statistically significant (arithmetic mean ± Std. Deviation was given as error bar).

Control
10 mg/kg methyleugenol

Gpx Activity

30 mg/kg methyleugenol

U/ml

300
200
100
0

Liver

Kidney

Smal intestine

Control

157,27
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102,08

10 mg/kg methyleugenol

120,36

208,65

124,85

30 mg/kg methyleugenol

141,4

226,86

159,41

FIGURE 5 - The effect of methyleugenol on GPX activities. Changes of GPX activity are ‘statistically
significant only in kidney and small intestine in 30 mg/kg (arithmetic mean ± Std. Deviation was given as error bar).

FIGURE 6 - The effect of methyleugenol on CAT activity. Changes of CAT activity in all
doses are not statistically significant (arithmetic mean ± Std. Deviation was given as error bar).
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FIGURE 7 - The effects of methyleugenol on the amount of total protein. The changes of both doses of
methyleugenol in liver are statistically significant but not in kidney and small intestine (arithmetic mean ± Std).

CAT activity was analyzed only in liver and kidney
because activity in small intestine was barely detectable
as measured. The effects of methyleugenol on CAT activity are given in Fig. 6, and it was found that changes in CAT
activity in both of these tissues were not different (p>
0.05).
The effects of methyleugenol on the amount of total
protein are given in Fig. 7. The increase of amount of total
protein was significant at doses of 10 and 30 mg/kg in
liver (p<0.05) but was not significant in kidney and small
intestine (p>0.05).
DISCUSSION AND CONCLUSIONS
In the present study, we report that methyleugenol
causes considerable necrotic degeneration in the liver and
kidney of rats. The small intestine also exhibited degeneration, but to a lesser extent. Degenerative changes have
been previously reported at doses of 100 mg/kg methyleugenol, where Kupffer cell pigmentation, bile duct hyperplasia of liver, and atrophy and chronic inflammation of
the mucosa of glandular stomach were observed previously
[5]. However, this group did not find any degenerative
changes at doses of 10 and 30 mg/kg. The results of the
present study are in parallel with the high dose findings of
this group, but not the low dose observations. We have also
observed ultra-structural degenerative effects of methyleugenol on rat liver at 10 and 30 mg/kg doses (unpublished
data), further supporting our observations by light microscopy.
Our observations of mononuclear cell infiltration in
liver and kidney might indicate acute inflammatory responses. Degeneration of blood vessel endothelium, necrotic
and hypertrophic hepatocytes in liver and, focal points of
bleeding around tubules, loosing of glomerulus in kidney
point out membrane damage. Loosing of glomerulus is also
a sign of necrotic degeneration and insufficiency of glomerulus function in kidney. High lipophilicity and rapid absorption of methyleugenol from the intestinal duct [5] may
explain membrane degeneration due to this compound.
Cytoplasmic vacuolization in hepatocytes and hypertrophic
epithelial cells in kidney may be reversible adaptive response of cells against methyleugenol. Toxicokinetic studies
have shown that absorption of oral doses of methyleugenol
is rapid and complete in rats and mice [3], indicating that
methyleugenol can reach tissues very rapidly by the blood
stream. Focal points of bleeding around kidney tubules,
endothelial degeneration in liver, and hypertophy of cells
may be a result of the rapid absorption and lipophilic
property of this chemical. It is also possible that accumulation of material in tubules is due to cells suffering from

integrity loss, and that tubular degeneration is due to
membrane degeneration.
Fewer degenerative changes were noticed in small intestine, particularly in the 10 mg/kg methyleugenol-treated
group. It has been reported that methyleugenol may cause
increased gastric pH and atrophy of gastric mucosa, with
increased cell proliferation of the fundic glands acting as a
feedback protective response [5]. Similarly, we observed
increased mitotic figures in the base of villi. Rapid serum
absorption of this chemical may explain absorption from
the stomach and thus allow it to pass directly to the liver
by the portal vein [5]. This may explain why we did not
observe membrane degeneration of the small intestine even
in the 30 mg/kg methyleugenol-treated group, although
edema in connective tissue, separation between connectiveepithelial tissues, diminishment of connective tissue in
lamina propria, and leukocyte infiltration may be signs of
necrotic degeneration. Degradation of the close connection
between epithelia and lamina propria as well as of basal
membrane may be indicative of decreased protective ability
of the small intestine to guard against xenobiotics.
It was observed hypoprotenemia and hypoalbuminemia in dosed rats and suggested that methyleugenol
altered nutritional status and impaired hepatic protein
synthesis [5]. They also observed increases in liver weight
and associated with induction of cytochrome P450 enzyme systems. It was reported that allylbenzenes, including
methyl-eugenol, were potent inducers of this enzyme
system [34, 35]. We also determined some alterations in
amount of total protein. The change at 10 and 30
mg/kg doses of methyleugenol in liver was statistically
significant (p< 0.05) but not in kidney and small intestine. The increase of amount of total protein in liver
might have been due to in-duction of metabolizing enzyme systems of methyleu-genol.
It has been reported that methyleugenol is metabolized by the cytochrome P450 system in liver [36] and
that this metabolism involves O-demethylation, side-chain
hydrolysis and epoxy diol formation [37]. 1'-hydroxymethyleugenol and epoxide diol are the main metabolites
of this reaction and are responsible for the toxic effects of
this chemical [5]. ROS produced by the metabolism of
xenobiotics are very important molecules responsible for
oxidative stress. In many studies, it has been reported that
increased ROS production can enhance oxidative stress,
which initiates and promotes several degenerative processes including cancer, aging, and many other diseases
[20, 38-41]. SOD, GPX, and CAT are the key enzymes of
main enzymatic antioxidant system of organisms [20]. A
sensitive balance between ROS levels and antioxidant enzyme (SOD, GPX and CAT) activities is an important protective mechanism for protection against the damage of
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oxidative stress [42]. It has been reported that eugenol (an
analogue of methyleugenol) may be carcinogenic through
oxidative DNA damage from its metabolites [43].
We aimed to investigate the effects of methyleugenol
on SOD, GPX and CAT activity in this study. GPX is important guard against low levels of oxidative stress, where
it can oxidize GSH while decomposing peroxides to water
and uses H2O2 as a substrate in competition with CAT [19].
Our observation that GPX activity is significantly increased
in 30 mg/kg methyleugenol-treated groups may be indicative of an acute protective response against the chemical’s
toxic effect. Similarly, increases in SOD and CAT activity
would also be expected, and the lack of any observed
changes may be due to the relatively low doses used and
the short treatment period.

ACKNOWLEDGMENTS
This study was supported by The Research Fund of
Trakya University (Project number: TUAF-718). Statistical analyses of data were performed by Statistic Office of
Trakya University. We thank Nesrin Turan, MD for her
statistical contribution, and William Murk, BS for his editorial assistance in writing the manuscript.

A long-term study involving doses of 100 mg/kg and
higher of methyleugenol reported increased alanine aminotransferase (ALT) and sorbitol dehydrogenase (SDH)
activity [5]. Increased GPX activity induced by quercetin
(a naturally-occuring flavonol and a member of the flavornoid family of compounds) in male Sprague-Dawley rats
following 4-to-6-week oral treatments has also been reported [44]. Moreover, gavage administration of quercetin
to rats at a dose level of 135 mg/kg body weight/day for 3
consecutive days did not significantly enhance the activity
of oxidative scavengers, SOD and CAT [45]. Their findings are consistent with our study, as quercetin has a similar methabolic pathway (by O-methylation in liver) [46],
and increased activity of GPX but not SOD or CAT was
observed in their short-term study.
It has been suggested that ROS effects venous degeneration by two mechanisms: endothelial damage through cell
membrane oxidation and concomitantly increased capillary
permeability, and activation of leukocytes, monocytes, and
thrombocytes [47]. Degeneration of blood vessel endothelium in liver, focal points of bleeding around kidney tubules, mononuclear infiltration around the glomerulus and
central vein, together with the simultaneous increase in
GPX activity may indicate ROS effects from methyleugenol in our study.
In conclusion, we observed that methyleugenol induces
significant necrotic degeneration in the liver, kidney, and
small intestine in the rat. Primary signs of these changes
are membrane degeneration, cytoplasmic vacuolization and
hypertrophy which remind ROS effects. These changes
occurred simultaneously with increased GPX activity in
the kidney and small intestine at higher doses of the compound, while we did not observe any changes in SOD and
CAT activity. We suggest that the effect of methyleugenol on these enzymes should be investigated in greater
detail because of the possible influence of this drug on the
antioxidant system. Related studies of these enzymes which
include other signs of oxidative damage may shed greater
insight into methyleugenol toxicity.
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ABSTRACT
Chlorohydroxybenzenes and hydroxybenzenes can be
found in aquatic environment as pollutants. Some of them
may be formed during biological transformation and photochemical degradation of chlorophenols. Concentration of
these compounds in water may be determined by liquid or
gas chromatographic methods. Liquid-liquid extraction with
immiscible organic solvents yields low recovery of these
compounds from aqueous matrix due to their hydrophilic
nature. The proposed method is based on solid phase micro-extraction (SPME) combined with gas chromatography/
mass spectrometry. Analytes were determined in the liquid
phase. Impacts of the fibre type and pH have been examined. The recoveries and limits of detection for hydroxybenzenes in water were better for Carbowax/ divinylbenzene (CW/DVB) fibre than polyacrylate (PA) one.
Adjusting the sample pH with phosphoric acid led to
increased recoveries for chlorodihydroxybenzenes and
trihydroxybenzenes, but in this case, reaction of dihydroxybenzenes oxidation was initiated. The elaborated
method was used for determination of hydroxybenzenes
and chlorohydroxybenzenes in wastewaters of paper industry origin.

KEYWORDS: Hydroxybenzenes, chlorohydroxybenzenes, trihydroxybenzenes, SPME-GC-MS.

INTRODUCTION
Chlorohydroxybenzenes and hydroxybenzenes can be
found in the aquatic environment as pollutants. These compounds come from different industrial sources like dye industry or pulp production. They can be formed during bio-

logical transformation and photochemical degradation of
humic substances, tannins, lignins and chlorophenols. During these processes, the formation of dihydroxybenzenes,
trihydroxybenzenes and chlorodihydroxybenzenes occurred
[1, 2]. Michałowicz [3] found chlorophenols, chlorocatechols and methoxyphenols in drinking water at concentrations exceeding the admissible standards of the EU. Reddy
et al. [4] identified catechol, trihydroxybenzenes, chlorodihydroxybenzenes and dichlorodihydroxybenzenes as metabolites of 2,4,6-trichlorophenols, degraded by P. crysosporium. Trihydroxybenzene compounds are widely distributed in the plant kingdom [5-7]. Such compounds are of
great interest in clinical chemistry, because they exhibit
potential as antimicrobial and enzyme inhibiting pharmacological agents [8-10]. On the other hand, these compounds are formed during biochemical reaction of pharmaceutics in the human body [10].
Several analytical methods like spectrofluorimetry [11],
gas chromatography [12, 13], high performance liquid chromatography [14, 15], chemiluminescence [16, 17], voltammetry [18], thin layer chromatography [19] and flow injection analysis [20] were reported in literature for the determination of hydroxybenzenes and their derivatives in various biological samples and pharmaceutical formulations.
Some of these methods are laborious, and special procedures of sample pre-treatment are required. For example,
Nagaraja et al. [21] used selective spectrophotometric
method for determination of catechol and its derivatives
in pharmaceutical preparations. This method is based on the
interaction between diazotised sulphanilamide and catechol
derivatives in the presence of molybdate ions in acidic
conditions. The method of flow injection electrochemiluminescent inhibition was applied by Sun et al. [22] for
analysis of catechol derivatives in cigarettes, with catechol
detection limit of 1.2 x 10-8 mol L-1.
A recently developed technique, solid phase microextraction (SPME), is used for separation of polar compounds
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[23-28]. Waidyanatha et al. [10] used headspace solid microextraction (HS-SPME) for pre-concentration of metabolites of benzene, namely muconic acid, phenol, catechol
and hydroquinone in urine. Analytes were determined by
SPME-GC-MS after microextraction on a polydimethylsiloxane fibre (PDMS, 100 µm film thickness).
Czaplicka et al. [24] used the same fibre for determining
chlorophenols and products of their photodegradation in
aquatic environment.
In this paper, SPME technique for determination of dihydroxybenzenes, trihydroxybenzenes and chlorodihydroxybenzenes in water was investigated. Polyacrylate (PA) and
Carbowax/divinylbenzene (CW/DVB) fibres were applied.
Impact of the fibre type and pH were examined.
MATERIALS AND METHODS
Chemicals and materials

All compounds, i.e. catechol, hydroquinone, resorcinol,
1,2,3-trihydroxybenzene, 1,2,4-trihydroxybenzene, 1,3,5trihydroxybenzene, 4-chlororesorcinol, 4,6-dichlororesorcinol, tetrachloro-p-benzoquinone, and 2,2’-dihydroxybiphenyl were obtained from Supelco and used without any
purification. The methanol and H3PO4 were of analytical
grade. Redistilled water was used for all experiments. In
this work, two types of SPME fibre (Supelco, Bellefonte)
with the following coatings: 85 µm PA and 85 µm CW/DVB
were used. SPME fibres were conditioned prior to use according to manufacturer`s specification.
Preparation of standard solution

The stock standard mixture contained catechol, hydroquinone, resorcinol, 1,2,3-trihydroxybenzene, 1,2,4-trihydroxybenzene, 1,3,5-trihydroxybenzene, 4- chlororesorcinol, 2,4-dichlororesorcinol, tetrachloro-p-benzoquinone,

and 2,2’-dihydroxybiphenyl, all dissolved in methanol. Concentration of individual dihydroxybenzenes and trihydroxybenzenes was 10 gL-1, and of chlorohydroxybenzenes, tetrachloro-p-benzoquinone and 2,2’-dihydroxybiphenyl was
5 gL-1. The total ion current chromatogram of stock
standard mixture is presented in Fig. 1. The primary
dilution standard was prepared by diluting 0.5 ml of stock
standard mixture to 20 ml with methanol. The final standard solutions were prepared by diluting 20 µl of primary
dilution standard to 5 ml with water. Concentrations of
analytes in final standard solutions amount to 1.0 mgL-1 for
dihydroxy-benzenes, trihydroxybenzenes, and 0.5 mgL-1
for the other compounds.
SPME method

Duration of SPME was determined by the time of
chromatographic analysis, which was 25 min for both fibre
types. The extraction time profiles of analytes were studied up to 60 min. Dihydroxybenzenes and trihydroxybenzenes attained equilibrium in 20 min, whereas the other
compounds needed more than 50 min to reach the equilibrium. Extraction time of 25 min was a compromise between extraction efficiency and analysis time, although the
equilibrium was not reached for all compounds [25, 26].
The fibre with adsorbed analytes was retracted into the
needle of the SPME manual holder and introduced to the
chromatograph through the membrane of the injector.
After 2 min of desorption, the fibre was withdrawn from
the injector and used for the next microextraction.
Influence of pH on recovery

The impact of pH on analyte recoveries was investigated by addition of 100 µl of H3PO4 (diluted with water
at a ratio 1:10) to final standard solutions. The pH was
adjusted at 2.5. Solutions were analysed after 10 min, 0.5 h,
1 h and 1.5 h from the moment of acid addition.
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FIGURE 1 - Total ion current chromatogram of stock standard solution in methanol injected directly, containing 10 gL-1 dihydroxybenzenes, trihydroxybenzenes and 5 gL-1 chlorodihydroxybenzenes and 2,2’-dihydroxybiphenyl: (1) hydroquinone, (2) catechol, (3) resorcinol,
(4) 4-chlororesorcinol, (5) 2,4-dichlororesorcinol, (6) 1,2,3-trihydroxybenzene, (7) 1,2,4-trihydroxybenzene, (8) 1,3,5-trihydroxybenzene, (9)
2,2’-dihydroxybiphenyl, (10) tetrachloro-p-benzoquinone.
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TABLE 1 - Characteristic ions (m/z) used for selected ion monitoring of analysed compounds.
[M]+
110 (100%)
110 (100%)
110 (100%)
126 (100%)
126 (100%)
126 (100%)
144 (100%)
178 (100%)
186 (100%)
244 (48%)

Compounds
Hydroquinone
Resorcinol
Catechol
1,2,3-trihydroxybenzene
1,2,4- trihydroxybenzene
1,3,5- trihydroxybenzene
4-chlororesorcinol
4,6-dichlororesorcinol
2,2’-dihydroxybiphenyl
Tetrachloro-p-benzoquinone

Others
82 (14%), 83 (31%), 55 (18%)
81 (25%).
81 (35%)
108 (32%), 80 (50%), 52 (52%)
97 (22%), 96 (10%), 80 (42%), 52 (53%)
97 (22%), 85 (25%), 80 (17%), 69 (29%)
115 (4%), 81 (24%), 52 (15%)
180 (64%), 115 (16%), 86 (15%)
157 (56%), 131 (47%), 115 (21%), 89 (14%)
246 (67%), 248 (37%), 209 (45%), 190 (24%), 118 (13%), 87 (100%)

Analytical conditions

Qualitative and quantitative analyses were performed
using a Perkin Elmer Clarus 500 gas chromatograph
equipped with a quadrupole mass spectrometric detector,
and a 30 m × 0.25 mm I.D. DB-5 MS column with a film
thickness of 0.25 µm. The initial column temperature was
70 °C for 5 min, and then was raised to 240 °C at a rate of
5 °C/min, held at 240 °C for 5 min and raised from 240 °C
to 270 °C at a rate of 5 °C/min. The injector temperature
was held at 250 °C for CW/DVB fibre and 280 °C for PA
fibre. The MS operating conditions were as follows: the
mass range scanned was 30-450 amu at 1 s/scan, temperature of source was 150 °C, ionisation energy was 70 eV
(electron impact mode). The transfer line temperature was
250 °C.
Quantitative analysis was performed using selected ion
monitoring method (SIM), choosing two or three ions characteristically for each compound. The chosen ions are presented in Table 1.
RESULTS AND DISCUSSION
Two commercially available SPME fibres, PA and
CW/DVB, were compared for efficient determination of
dihydroxybenzenes, trihydroxybenzenes and chlorodihydroxybenzenes. These fibres are often applied to determine
polar compounds in liquid samples. The dihydroxyben-

zenes and chlorohydroxybenzenes are typically considered
as hydrophilic organic compounds.
Recovery of analytes

To evaluate the precision of the method, five replicate
determinations were carried out. The values obtained for the
standard mixture are summarized in Table 2. Relative
standard deviations (RSD) obtained for PA fibre ranged
from 8 to 18 %, for dihydroxybenzenes, and from 2 to 5
% for chlorodihydroxybenzenes and 2,2’-dihydroxybiphenyl.
For CW/DVB fibre, the RSD ranged from 2 to 8% for
chlorodihydroxybenzenes and 2,2’-dihydroxybiphenyl, but
from 5 to 17% in the case of dihydroxybenzenes. For trihydroxybenzenes RSD varied between 6-20 %.
Recovery of analytes was determined for standard mixture in five replications for both fibres. The recovery of
particular compounds from spiked water samples for each
kind of fibre is presented in Table 2. The obtained results
for PA fibre indicated that the recoveries of hydroquinone,
catechol and resorcinol varied from 93 to 120 %; for chlororesorcinol, 2,2’-dihydrobiphenyl and tetrachloro-p-benzoquinone were between 85-93 %, depending on the compound. The highest recovery was observed for 4-chlororesorcinol and tetrachloro-p-benzoquinone, and the lowest for
4,6-dichlororesorcinol and 2,2’-dihydroxybiphenyl. However, trihydroxybenzenes were not detected. The chromatogram of final standard solution after pre-concentration
on PA fibre is presented in Fig. 2.

TABLE 2 - Mean recoveries, limits of detection and RSD for determination of dihydroxybenzenes, trihydroxybenzenes, chlorodihydroxybenzenes and dihydroxybiphenyl from spiked water samples with SPME on PA and CW/DVB fibres. Concentrations: 0.52 mgL-1 of chlorodihydroxybenzenes and 2,2'-dixydroxybiphenyl, 1.04 mgL-1 of dihydroxybenzenes and 10 mgL-1 of trihydroxybenzenes (without acid addition).
Compounds
Resorcinol
Catechol
Hydroquinone
1,2,3-trihydroxybenzene
1,2,4-trihydroxybenzene
1,3,5-trihydroxybenzene
2,2’-dihydroxybiphenyl
4-chlororesorcinol
4,6-dichlororesorcinol

Recovery (%)
102
120
93
ND
ND
ND
88
92
85

PA fibre
LOD (µgL-1)
0.12 × 103
0.56 × 103
0.34 × 103
ND
ND
ND
8.5
0.5
0.5

RSD (%) (n=5)
10
8
18
2
5
3
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Recovery (%)
105
100
99
86
93
90
100
96
96

CW/DVB fibre
LOD (µgL-1)
50
93
79
6.2 x 103
11 x 103
350
0.45
0.2
0.2

RSD (%) (n=5)
6
5
17
20
6
6
2
4
6
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FIGURE 2 - Total ion current chromatogram of compounds desorbed from PA fibre
after extraxtion of final standard solution: (1) hydroquinone, (2) catechol, (3) resorcinol,
(4) 4-chlororesorcinol, (5) 2,4-dichlororesorcinol, (6) 2,2’-dihydroxybiphenyl, (7) tetrachloro-p-benzoquinone.
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FIGURE 3 - The SIM chromatogram (m/z = 126) of compounds desorbed from CW/DVB fibre after
extraction of final standard solution: (1) 1,2,3-trihydroxybenzene, (2) 1,2,4-trihydroxybenzene, (3) 1,3,5-trihydroxybenzene.

Recoveries higher than 93 % were achieved for dihydroxybenzenes and chlorodihydroxybenzenes adsorbed on
the CW/DVB fibre (Table 2), and were higher than in the
case of the used PA fibre. The application of CW/DVB
fibre allowed for determination of trihydroxybenzenes
with recoveries varying from 86 to 93 %.
In Fig. 3, the SIM chromatogram is presented of
compounds desorbed from CW/DVB fibre for m/z =
126, primary ion characteristic for trihydroxybenzenes.
Obtained results indicated that, for both fibres, recoveries of dihydroxybenzenes and chlorodihydroxybenzenes
were on acceptable levels. In the case of trihydroxybenzenes, only the application of CW/DVB fibre gave satisfactory results.
Precision and detection limit

Limits of detection (LOD) of dihydroxybenzenes, trihydroxybenzenes and chlorodihydroxybenzenes were calculated at a signal-to-noise ratio of 3:1 for both fibres. The
results are presented in Table 2. In the case of PA fibre,
LOD values were at the µgL-1 level for chlorodihydroxybenzenes and 2,2’-dihydroxybiphenyl; for dihydroxybenzenes, LOD values ranged between 120–560
µgL-1. This method could be used for the determination of
these compounds in aquatic samples. Similar limits of
detection for these compounds have been reported in
other studies [10, 26]. However, using PA fibre for determination of trihydroxybenzenes in water was impossible.
The LOD values obtained with CW/DVB fibre were
lower for all compounds than those with PA fibre (Table 2).
LOD values were at the mgL-1 level for 1,2,3-trihydroxy-
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benzene and 1,2,4-trihydroxybenzene, but 0.35 mgL-1 in the
case of 1,3,4-trihydroxybenzene. It indicates that the CW/
DVB fibre will be better for determination of hydroxycompounds and chlorodihydroxybenzenes in aqueous samples.
The method linearity was studied at a concentration
ranging from 0.10 mgL-1 to 100 mgL-1 for dihydroxybenzenes, from 0.2 µgL-1 to 200 µgL-1 for chlorodihydroxybenzenes, and from 7 µgL-1 to 100 µgL-1, in the case
of
2,2’-dihydroxybiphenyl
and
tetrachloro-pbenzoquinone. The correlation coefficients for the above
analytes were 0.998, except for hydroquinone, where the
coefficient was 0.995. The same correlation coefficient
was obtained for PA fibre.
The method linearity for trihydrohybenzenes was studied only using CW/DVB fibre at compound concentrations in water ranging from 6.8 mgL-1 to 100 mgL-1. The
linearity was good for all three compounds with correlation coefficients higher than 0.995.

Effect of pH

Various authors showed that acidic environment was
proper for preconcentration of phenolic compounds on
SPME fibres [25-28]. It is well-known that pH of the determined solution can change recovery values and influence
limit of detection. The effect of pH on compound sorption
can be derived from its pKa value. Compounds with high
pKa showed no significant change in the amount adsorbed
on the fibre, when the pH varied from 7 to 1. However, for
compounds with pKa values between 4.7 and 7, the decrease of pH causes an increase of sorption yield.
The pH of solution was adjusted to 2.5 with H3PO4. The
obtained results showed that the recoveries for dihydroxybenzenes, especially hydroquinone, and tetrachloro-pben-zoquinone were lower in the case of pH 2.5 than
without addition of acid for both fibres (Table 3). Contrary,
recoveries were higher for 2,2’-dihydroxybiphenyl, 4,6dichloro-resorcinol and trihydroxybenzenes. Samples were
analyzed

Additionally, the linearity for 2,2’-dihydroxybiphenyl
and chlorohydroxybenzenes was examined over the range
300 µgL-1 - 1000 µgL-1. The correlation coefficients were
higher than 0.997.

TABLE 3 - Recovery, LOD and RSD for determination of dihydroxybenzenes, trihydroxybenzenes,
chlorodihydroxybenzenes and dihydroxybiphenyl for spiked water samples. Concentration of chlorodihydroxybenzenes
and 2,2'-dihydroxy-biphenyl at 0.52 mgL -1 , 1.04 mgL -1 for dihydroxybenzenes and 20 mgL -1 for trihydroxybenzenes at pH = 2.5.
Compounds
Resorcinol
Catechol
Hydroquinone
1,2,3-trihydroxybenzene
1,2,4-trihydroxybenzene
1,3,5-trihydroxybenzene
2,2’-dihydroxybiphenyl
4-chlororesorcinol
4,6-dichlororesorcinol
Tetrachloro-p-benzoquinone

Recovery (%)
91
126
73
8.2
3.5
10
100
92
92
89

PA fibre
LOD (µgL-1)
0.07 × 103
0.36 × 103
0.57 × 103
12 × 106
18 × 106
8.2 × 106
8.5
0.35
0.30
7.0

RSD (%) (n=5)
7
27
38
20
15
13
4
5
6
5

5

Recovery (%)
96
103
70
90
94
92
101
97
97
90

CW/DVB fibre
LOD (µgL-1)
RSD (%) (n=5)
20
5
44
9
89
37
3.9 x 103
10
6.8 x 103
3
200
3
0.25
2
0.15
4
0.16
8
3.7
6

6
9
8
10

4
1

2

3

Time, min
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FIGURE 4 - Total ion current chromatogram of compounds desorbed from PA fibre after
extraction of acidified final standard solution: (1) benzoic acid*, (2) hydroquinone, (3) catechol, (4) resorcinol,
(5) 4-chlororesorcinol, (6) 4,6-dichlororesorcinol, (7) 2,5-dichlorobenzenoquinone*, (8) tetrachlorohydroquinone*,
(9) 2,2’-dihydroxybiphenyl, (10) tetrachloro-p-benzoquinone (* compounds formed during oxidation process).

FIGURE 5 - Chromatogram of compounds desorbed from CW/DVB fibre after
extraction of wastewater from paper plant. The following compounds were identified: (1) hydroquinone,
(2) catechol, (3) resorcinol, (4) 4-chlororesorcinol, (5,6,7) – not identified, (8) 2,2’-dihydroxybiphenyl, (9) tetrachloro-p-benzoquinone.

TABLE 4 - Concentration of hydroxybenzenes and chlorohydroxybenzenes in sample origin from paper manufacture (µgL-1).
Compounds
Resorcinol
Catechol
Hydroquinone
2,2’-dihydroxybiphenyl
4-chlororesorcinol
Tetrachloro-p-benzoquinone

Sample A
2.2
2.6
2.7
20.0
4.5
7.4

after 10 min, 0.5 h, 1 h and 1.5 h from the moment of acid
addition. It was observed that in solution analyzed after
10 min from the moment of acid addition, the new peaks
appeared at retention times of 10.5, 13.9 and 16.45 min.
These peaks were identified as benzoic acid, 2,5-dichlorobenzoquinone and tetrachlorohydroquinone, respectively
(Fig. 4). Identification of peaks was performed by comparing the mass spectra of analytes corresponding to the particular peaks on the chromatogram with the mass spectra
found in the references libraries. We observed that abundances of these peaks increased proportionally with the time
of reaction. Presented data showed that addition of acid
caused an oxidation reaction. The H3PO4 is a weakly oxidizing acid, but the dihydroxybenzenes, especially hydroquinone, are very prone to oxidation.
On the other hand, the addition of acid in the case of
CW/DVB fibre showed higher response of the detector for
catechol, 2,2’-dihydroxybiphenyl, 4,6-dichlororesorcinol,
and especially in the case of trihydroxybenzenes. The limits
of detection were at the level of 3 mg L-1 for 1,2,3-trihydroxybenzene, 6.8 mgL-1 for 1,2,4-trihydroxybenzene and
0.2 mgL-1 in the case of 1,3,5-trihydroxybenzene, respectively.

Sample B
6.3
6.8
17.2
30.8
10.6
15.0

It can, therefore, be concluded that addition of H3PO4
to solution is not recommended in analysis of dihydroxybenzenes in water samples. For this reason, further
experiments with CW/DVB fibre were done without acid
addition.
Environmental samples

The method of analyte preconcentration on CW/
DVB fibre was used for hydroxybenzene and chlorohydroxybenzene determinations in wastewater from paper industry: samples of wastewater from cellulose processing
(A), paper production (B) and wastewater treatment plant
(C). In the case of samples marked with A and B, the following substances were identified: hydroquinone, catechol,
resorcinol, 4-chlororesorcine, tetrachlorobenzoquinone and
2’,2’-dihydrobiphenyle. The chromatogram of sample A is
shown in Fig. 5. These compounds are not to be found in
samples from the wastewater treatment plant (C). Quantitative analysis showed that the concentration of analytes
was determined by sample origin. The highest concentrations of hydroxybenzenes and chlorohydroxybenzenes were
found in samples of paper production origin (Table 4).

The linearity of trihydroxybenzene response was examined over the range 10-100 mgL-1 at pH 2.5, and was
similar to data obtained for samples without acid addition.
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CONCLUSION

ysaccharide and interferon-γ . Biochim Biophys Acta 1568,
74–82.

This study evaluated SPME combined with GC-MS for
determination of hydroxybenzenes and chlorohydroxybenzenes in water samples. The presented results showed that:
- the recoveries and limits of detection for hydroxybenzenes in water were better for CW/DVB fibre than for
PA one,
- application of CW/DVB fibre allowed to determine trihydroxybenzenes in water,
- adjusting the pH of aqueous sample with phosphoric
acid during SPME determination of chlorodihydroxybenzenes and trihydroxybenzenes should be
avoided; al-though the acidic sample environment led
to increased recoveries of analytes, but especially the
oxidation of di-hydroxybenzenes was initiated and
formation of benzoquinone, benzoic acid, 2,5-dichlorobenzoquinone and tetrachlorohydroquinone was observed.
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ANDESITE WEATHERING CAUSED BY CRUSTOSE LICHENS,
Xanthoria calcicola AND Diploschistes scruposus:
A CASE STUDY
A. Evren Erginal* and Beyhan Öztürk
Çanakkale Onsekiz Mart University, Faculty of Sciences and Arts, Department of Geography, 17100, Çanakkale, Turkey

ABSTRACT
This paper discusses micro-morphological changes induced by lichen weathering at the interfaces between different types of lichen and their substrates composed of Miocene andesite, observed 10 km east of the city of Çanakkale, NW Turkey. The evidences of physical and chemical weathering that occur at SW facing surfaces of lichenencrusted andesite were studied based on energy dispersive
X-ray spectroscopy (EDX) and scanning electron microscopy (SEM), as well as inductively coupled plasma atomic
emission spectrometry (ICP-AES) analyses. Our results
showed that both lichens contribute to the weathering of
andesite, but with different rates. The weathered substrates
under the lichens involved were determined to have increased amounts of Al, K, Ca, and Fe, but a decreased content of Si, suggesting either protective role of lichens against
chemical weathering or precipitation of organic salts and
iron oxides during lichen growth.

KEYWORDS: Lichen weathering, substrate, agglomerate, chemical etching, Çanakkale, Turkey.

INTRODUCTION
Lichens are amongst the most significant agents of micro-biologically induced deterioration of inorganic substrates. They play a significant role in physical and chemical alterations on mineral substrates as previously stressed
by several authors [1-3]. The chemical weathering by lichens activities is mostly associated with the fungal component (mycobiont) of lichens and the excretion of lichen
acids like oxalic acid [4-6]. The physical effects of lichens
are, however, the result of penetration of fungal hyphae
into the rock through various structural weaknesses, and the
expansion-contraction of lichen thalli due to microclimatic
changes [7-10]. These kinds of physico-chemical biodeterioration processes caused by lichens have been noted in a
wide range of minerals and rocks [11-15].

In the Biga peninsula, lichen growth on volcanic rocks
is a common occurrence. The present study focuses on
physical and chemical weathering by two different lichen
species, Xanthoria calcicola Oxner and Diploschistes
scruposus (Schreb.) Norman. Both intensively colonize
andesite lava of Miocene age, and are found in the
Thrace peninsula and Çanakkale area [16], as well as the
Southern Marmara region of Turkey [17]. The study site is
located 10 km east of the city of Çanakkale in Northwest
Turkey. We examined substratal interfaces of the two
lichens, on the basis of energy dispersive spectroscopy
(EDX) and scanning electron microscopy (SEM) interpretations, with a view to discussing the nature of weathered
residues underneath the lichens.
MATERIALS AND METHODS
Study area

The study area is placed at geographical coordinates
40° 07' 42'' N and 26° 30' 50'' E (Fig. 1). The south to southwest-facing horizontal and steep walls of the rock surface
located at 50 m altitude above sea-level are densely colonized with a variety of crustose and, less frequently, foliose
lichen species, such as Candelariella vitellina (Hoffm.) Müll.
Arg., Lecanora rupicola (L.) Zahlbr., Lecidea fuscoatra (L.)
Ach., Protoparmeliopsis muralis (Scherb.) M. Choisy, Xanthoparmelia stenophylla (Ach.) Ahti & D. Hawksw., Xanthoparmelia pulla (Ach.) O. Blanco, A. Crespo, Elix, D.
Hawksw. & Lumbsch, Lichinella nigritella (Lettau) P.P.
Moreno & Egea, Peltula, Diploschistes scruposus (Schreb.)
Norman, Lepraria sp., Dermatocarpon miniatum (L.) W.
Mann, and Xanthoria calcicola Oxner. Despite this diversity, we selected only two crustose species, Xanthoria calcicola Oxner and Diploschistes scruposus (Schreb.) Norman, considering their degree of attachment on the host
rock sur-face.
Based on the climate data obtained from the Çanakkale
Meteorological Station (lat. 40°08′N; long. 26°24′E, at 6
m.a.s.l.), the climate of the research area is typically Mediterranean. The maximum and minimum precipitations occur
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FIGURE 1 - Location map (a), geology map (b), and a view (c) of the sampling surface in the study area.

in winter and summer seasons, respectively [18]. The average annual precipitation is 619.7 mm. December (112.3 mm)
and August (6.6 mm) are the wettest and driest months of
the year. The average temperature is 15.1 ºC, and January
(6 °C) and July (24.8 °C), respectively, are the coldest and
warmest months.

nitric acid (HNO3). ICP-AES enabled testing the accuracy of
EDX results, except for Si, which could not be measured
with this technique.

Methods

EDX microprobe analyses and SEM image interpretations, carried out to shed light on the different influences of
the two selected lichens Xanthoria calcicola and Diploschistes scruposus on rock weathering, yielded distinctive
changes in both the elemental composition and physical
microstructure of the mineral substrates. The averages of obtained EDX results are presented in Table 1.

Crustose lichens, Xanthoria calcicola and Diploschistes
scruposus (Schreb.) Norman, were collected with their rock
substrate from southwest-facing surfaces of lichen-encrusted
andesite. Sampling was carried out from the most intensively colonized rock surfaces with slight (<10°) inclination. Before and after microanalyses, the rock-lichen interfaces were examined under a ZEISS EVO 50 EP scanning
electron microscope in order to examine the extent of hyphal penetration and micro-morphological changes or physical-biochemical disintegration on the mineral surfaces. Afterwards, the weathered residuals were EDX-analysed using
a Bruker AXS: XFlash Detector) to shed light on changes
in the elemental composition of the host rock. Andesite
surfaces without lichen cover were also analysed to explain
the differences of the products of chemical weathering from
those caused by lichens.
On the assumption that some mineral fragments or
weathering residuals are retained within the lichen thallus,
the lichen and its weathering products were also analyzed
together using ICP-AES (Varian Axial Liberty II Series).
Acid digestion was performed using EPA method 2050B.
For the digestion of samples, a representative 0.5-g (dry
weight) sample was digested with repeated additions of

RESULTS AND DISCUSSION

Nature of lichen-free rock surface

Thin section analyses revealed that the studied rock is
andesite composed of quartz, plagioclase and biotite, including abundant fractures making the rock susceptible to
weathering and lichen growth. Although all samples (with or
without lichen cover) are characterized by a predominance
of Si and O, the bare rocks clearly contained more SiO2 and
less Al, K, Ca and Fe than those in lichen encrusted substrates (Table 1). These differences are likely related to the
predominance of chemical weathering on the host rock in
the absence of any physical breakdown and mineral fragmentation. The considerable reduction in the total amounts
of these elements might be associated with their weathering-prone nature.
SEM images of the bare rock (without lichen cover)
demonstrate traces of chemical weathering on quartz and,
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especially, plagioclase minerals. This weathered nature of
lichen-free andesite reveals that the host rock contains
numerous voids and microstructural weaknesses (Fig. 1a),
which allow easily penetration of lichen hyphae into the
rock both vertically and horizontally [19].
For instance, based on the averages of the two microanalyses, quartz-rich places (Fig. 1b) contain C (12.86 %),

Al (5.79 %), Si (12.73), Fe (10.31) and O (57.22 %). However, the plagioclase is highly decomposed and characterized by elongated or square etch pits (Fig. 1c) which range
in size from 5 to over 500 µm. Closer examination of minor
cells having sizes between 5-80 µm shows the presence of
walls or sharp ridges (2-5 µm thick) separating each cell
from the other. Microanalysis of the cavities (indicated

TABLE 1 - EDX results (%) obtained from lichen-free rock and substrates of studied lichens.

Lichen-free rock
Diploschistes scruposus (Schreb.) Norman
Xanthoria calcicola Oxner

Al
3.7
8.57
9.41

Si
40.78
28.95
27.78

K
0.77
2.26
1.18

Ca
1.08
6.81
2.38

Fe
1.88
4.22
11.52

O
51.43
46.45
46.44

Na
1.13
-

Mg
0.96
-

Ti
0.65
-

S
0.36
1.3

FIGURE 1 - (a) General view of the chemically weathered andesite without lichen cover. (b) Detail of the larger square in the middle of the
SEM image in (a). Based on the averages of the two microanalyses, this part contains C (12.86 %), Al (5.79 %), Si (12.73 %), Fe (10.31 %)
and O (57.22 %). The minerals in the square are likely highly weathered quartz and feldspar showing no evidence of lichen weathering. (c)
Detail of the place marked with small white square in (a). The SEM image shows clear evidence of chemical weathering represented by pits
on plagioclase mineral. Microanalysis of the cavity areas (white arrow) shows the presence of C (12.96 %), Al (6.54 %), Si (12.36 %), Fe
(10.66 %) and O (57.48 %). However, unpitted (more massive in appearance) surfaces, indicated by a black arrow, contain Al (12.04 %), Si
(25.88 %), Fe (14.69 %), O (45.25 %) and Ca (2.15 %), suggesting the selective weathering of plagioclase mineral.
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by white arrows) shows the presence of C (12.96 %),
Al (6.54 %), Si (12.36 %), Fe (10.66 %) and O (57.48 %).
In addition, the plagioclase also shows different weathered
parts associated with selective dissolution. Indeed, unpitted
(more massive in appearance) surfaces of plagioclase contain Al (12.04 %), Si (25.88 %), Fe (14.69 %), O (45.25 %)
and Ca (2.15 %), suggesting the selective weathering of
plagioclase mineral.
Microanalytic studies of lichen weathering
Nature of weathered substrate of Diploschistes scruposus

Diploschistes scruposus was observed as growing on
west to southwest slopes. This areolate crustose lichen
showed a deep and complex rhizinal penetration into the
rock substrate. EDX results suggest that elemental composition of the substrate is completely different from that
of the bare rock, characterized by enrichment in the concentrations of Al, K, Ca, and Fe, and also with the additional presence of Na, Mg and Ti. The only exception is
the reduction in contents of Si and O. These values likely
indicate that lichen cover played a preservative role against
chemical alteration of the substrate. The low Si content is
likely associated with lichen activity because this lichen
prefers siliceous rocks [20]. The presence of Na, Mg and
abundant Ca, confirmed also by ICP-AES data (Table 2;
26507.5 ppm), might be associated with the production of
secondary organic crystalline salts by lichen activity [19].
Ascaso et al. [21], for instance, demonstrated the precipitation of calcium oxalate on calcareous rocks colonized with
Diploschistes ocellatus. In this case, Edwards and Perez [22]
also provided conclusive evidence on destructive causes
of the D. scruposus colonies on monumental stonework in
Léon, Spain.
SEM data are in good agreement with EDX results,
depicting considerable mineral disintegration of the andesite substrate. The surface of the rock is almost completely
covered with weathering residues containing fragmented

angular minerals, especially quartz, having sizes ranging
from 30 down to <1 µm (Fig. 2a). Many of the residues are
mica and quartz. The penetration of fungal hypae into the
voids and mineral boundaries, and the retention of much
residue within them, is common (Fig. 2b).
The abundant incorporation of mineral clasts into thallus might also be associated with the alternating moisturedependent expansion and contradiction stages of lichen
thalli [23, 24]. In some places, etch pits are also present as
a result of biochemical weathering of the lichen, possibly
because of its high potential for oxalic, lecanoric and diploschistesic acid production [22, 25]. ICP-AES data also
showed the presence of Pb, Zn, Cu, Se, Ni, Co, Cr and Cd,
implying that D. scruposus would be a bioindicator for environmental pollution or heavy metal accumulation similar
to those stated previously by several authors [26, 27].
Nature of weathered substrate of Xanthoria calcicola

Compared to the nature of the substrate underneath D.
scruposus, the substrate beneath lichen X. calcicola, living
preferentially on calcareous rocks [20], is defined by the
existence of nearly the same amounts of Al and Si, more Fe,
and lesser K and C. In addition, S, not included in D.
scruposus, was found in greater quantities than that in bare
rock. The significant, and probably most meaningful,
changes are associated with the increased amounts in Fe
and Ca. This may suggest the influence of biochemical
reactions, in that poorly ordered Fe may precipitate underneath covertures of lichens [12] as the result of organic
complexation and reduction reactions [28, 29]. ICP-AES
data (Table 2), however, showed that Ca (4099.75 ppm),
Fe (2934.31 ppm), K (2282.86 ppm) and Mg (915.664
ppm) were found in higher amounts when lichens were
analysed without separation from their inorganic substrates, suggesting that considerable amounts of these elements are also retained within lichen hyphae.

TABLE 2 - ICP-AES analysis results of the studied lichens with their substrates.
Elements
Al
B
Ba
Ca
Cd
Co
Cr
Cu
Fe
K
Mg
Mn
Na
Ni
Pb
Se
Zn
Total

%
6.181
0.007
0.165
77.503
0.003
0.004
0.009
0.036
9.84
3.468
1.709
0.153
0.674
0.0103
0.111
0.015
0.101
99.9893

D. scruposus
ppm
(mg/kg)
2114.26
2.66503
56.5913
26507.5
1.21167
1.38152
3.38183
12.5458
3365.74
1186.25
584.803
52.6589
230.782
3.54963
38.2233
5.28795
34.6485
34201.48
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%
19.6
0.02
0.2
30.71
0.004
0.011
0.208
0.142
21.98
17.103
6.859
0.674
1.575
0.041
0.228
0.017
0.519
99.891

X. calcicola
ppm
(mg/kg)
2626.54
3.86276
27.4520
4099.75
0.657293
1.57015
27.7813
19.0799
2934.31
2282.86
915.664
90.0640
210.351
5.51282
30.4700
2.38667
69.3212
13347.63
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SEM images confirmed that physical disintegration
occurs particularly along cleavage planes of mica and plagioclases that facilitate hyphae penetration [30, 31] through
providing main passages [32]. Indeed, the fungal hyphae are
very intensive and retain predominantly broken muscovite
plates and very small calcite grains (Fig. 2c). The fragmented
mineral grains are bigger in size varying between 20-50 µm.

Weathered residues with sizes less than 10 µm are markedly clustered in some places where they appear to be embedded within the fungal hyphae (Fig. 2d). This situation
might be related to the expansion-contraction of the lichen
thallus during alternating dry and wet periods. This kind of
aggressive physical impact of various lichens has been previously described by Fry [7, 8].

FIGURE 2 (a) - SEM image of the substrate underneath the lichen Diploschistes scruposus. White arrows show penetration of fungal hypae
within the substrate. (b) Detail of weathered residues in (a). (c) SEM image of substrate underneath lichen X. calcicola. White arrows show
penetration of fungal hypae within the substrate. (d) Detail of weathered residues retained within fungal hyphae marked with square in (c).

CONCLUSIONS

tion of new-ly formed organic salts and iron oxides during
lichen activities.

This study showed that lichens play a significant role
on the weathering of rocks. The extent of weathering depends on the rate of physico-chemical actions of the lichens
involved. In comparison, uncolonized rock surface and colonized substrates are almost entirely different in terms of the
nature of chemical weathering. In proportion to the elemental composition of bare rock, lichenized surfaces are
characterized by increased amounts of Al, K, Ca, and Fe,
which would suggest either a protective role of lichens on
their sub-strates against chemical weathering, or precipita-
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ABSTRACT
Degradation of two textile dyes, C.I.Acid Orange 7
(Orange II) and C.I. Reactive Red 2 (Procion Red MX-5B)
bound to silica gel and cellulose by hydrogen peroxide
catalyzed by Fe (III) complexed to Tetra-Amido Macrocyclic Ligands (Fe-TAML activators) at pH 10 was investigated. The performance of the oxidising system was characterized by conducting batch and column experiments.
C.I.Acid Orange 7 and C.I. Reactive Red 2 on solid matrix
after the addition of the Fe-TAML/H2O2 decolourize in
initial time period of 10-20 minutes. The decolourisation
rate of dyes on silica gel or on cellulose respectively was
much slower than that in aqueous solution. On the silica
gel, the degradation mechanism is the same as observed in
aqueous solutions, first step is likely the formation of reactive species and the second step is the interaction of the
reactive part with the desorbed dyes structure to release
various species. The finding about decolourisation of the
dyed cellulose leads to the conclusion that that Fe-TAML
molecules must enter into the microfibril of cellulose and
approach closely to the dye. Thus, the catalyst is not able
to completely degrade the dye while bound to a fabric of
structure such as cellulose.

problem even more important not only from aesthetic but
also from health and environment point of view. The compounds can also contribute to the environmental processes
like eutrophication by liberating by-products while oxidation, hydrolysis or other chemical reactions occurring in
wastewater. Azo dyes are not readily biodegradable at aerobic conditions; in addition, under anaerobic conditions they
can be reduced to potentially hazardous aromatic amines
among other compounds. These by-products could be
mutagenic, carcinogenic, or teratogenic and could cause
long-term health effects [1-4].
Nowadays, the degradation of organic dyes has therefore attracted much attention. New technologies for
wastewater decolourisation have been explored, for instance, assisted photo-catalytic degradation, photodestruction by UV/H2O2, Fe (II)/H2O2 and soluble transition metal catalyst in combination with various oxidising
agents [5-10]. Many studies have been performed on
catalysed decolourisation of dyes by H2O2 with Fenton
reagent and ozone. Ozone degrades practically all dyes,
reacting rapidly with both C-N and N=N bonds. The reactions are slow at lower temperature and hence require
higher catalyst and hydrogen peroxide concentrations
[11].

–
KEYWORDS: Fe-TAML, hydrogen peroxide, decolourisation, azo
dyes, soil contamination.
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Azo dyes exhibit environmental problems due to their
ability to resist usual oxidation methods under aerobic conditions. These compounds have an azo bond (R1-N=N-R2),
where R1 and R2 are aromatic groups, which in some cases
can be additionally substituted by sulphonated groups at the
aromatic rings. The fact that even a concentration of less
than 1 ppm, can be visible in aqueous media, has made the
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The Fe-TAML activators (FeIII complexes of tetraamido macrocyclic ligand, Fig. 1) exhibit the capacity to
marshal hydrogen peroxide to destroy organic pollutants
in aqueous systems. These complexes are designed to be
used under a variety of working conditions, including variable pH, temperature and solvent composition. TAML’s
are made from elements found in nature. Therefore, they
employ non-toxic elements and yield non-toxic by-products
or degradation products. They act as precursors to highly
oxidised iron complexes and also as potential oxygen transfer catalysts [12]. In a recent work, a fundamental study
for oxidation of the azo dyes C.I. Acid Orange 7 and other
reactive dyes has been successfully performed by hydrogen peroxide catalysed by Fe-TAML in aqueous solutions
at pH 9-11. The organic intermediates identified by HPLC
and GC-MS were non-toxic according to the Daphnia
magna test [13].
The contamination of soils by azo dyes represents a
serious problem, and the recent research indicated that the
Fenton’s reagent could be applied to treating soil contaminated with hazardous organic [14, 15]. Therefore, FeIIITAML/H2O2 technology needs to be explored in soils.
However, in contrast to aqueous systems, soils are
complex, heterogeneous, and site-specific media. The ex-

istence of ubiquitous minerals, inorganic constituents, soil
organic matter, and microorganisms that can participate in
the propagation reactions or trigger other abiotic and biotic
processes can significantly affect Fenton-like treatments
[16]. FeIII-TAML/H2O2 technology will not be successfully
developed in soils until degradation of azo dyes on the pure
components of natural surfaces are better understood. Cellulose is one of the main structural components of vegetal
cells, and silica is one of the major constituents of soil surfaces [17]. Therefore, a description of the degradation of
azo dyes on silica gel and cellulose is the starting goal in
assessing the possibility of remediation of azo dyes-contaminated soils with the TAML technique to activate hydrogen peroxide.
In this report, the potential of Fe-TAML catalyst for
the degradation of dyes C.I.Acid Orange 7 and C.I. Reactive Red 2 (Fig. 2) [18] was studied in solid matrix. The
aim of the research study was to observe the performance
of the system at defined conditions, but also having in mind
the regions where soil and sediment are contaminated by
dyes like Acid Orange 7 and the reactive Procion Red 2.
The study is therefore aiming at basic experimentation to
initiate first investigations on direct remediation of contaminated sites.

Cl
OH

N
N

SO3Na

OH

N
N

N

HN
N

N

Cl

SO3Na

NaO3S

Acid Orange 7

Procion Red 2

FIGURE 2 - Chemical structure of C.I. Acid Orange 7 and C.I.Reactive Red 2.

MATERIALS AND METHODS
Reagents and Instrumentation

C.I.Acid Orange 7 (Orange II) and C.I. Reactive Red 2
(Procion Red MX-5B) were obtained from Sigma-Aldrich
Chemie GmbH without purification. The Fe-TAML complex was designed and synthesised using published methods at Canergie Mellon University and obtained from there.
Hydrogen peroxide (30% w/w) was purchased from Fluka.
Sodium hydrogen carbonate (NaHCO3) and Sodium carbonate anhydrous (Na2CO3) were obtained from Merck Co.
Na2S2O4 was obtained from Sigma-Aldrich Chemie GmbH,
with an approximate 85% purity. The water used for analytical purpose was Millipore water.

The instrumental analyses used for the wavescan analysis and to measure the absorbance of the treated samples
were done by Ultraspec 3300 pro UV/ Visible Spectrophotometer, manufactured by Biochrom Ltd. The software used
for the system’s analysis is Swift II, also manufactured by
Biochrom Ltd.
General Procedure for degradation
of dyes by Fe-TAML/H2O2 system

The matrices were first dyed with the C.I. Acid Orange 7 (Orange II) and C.I. Reactive Red 2 (Procion Red
MX-5B) and then left in the oven at 27ºC for 24 hours.
The solid matrices selected for the experimental purpose
where silica gel and cellulose. After this, the dyes were
filled in the glass columns of 2.5 mm (internal diameter) x
350 mm and then eluted with FeIII-TAML/H2O2 solution.
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Because of the need for a basic environment of pH 10 for
the activity of the catalyst and H2O2, a buffer solution was
prepared using Na2CO3 0,1M and NaHCO3 0,1M. The same
buffer solution was later used throughout all the experiments. The collected dyes samples after elution process
were later scanned in the range of visible wavelengths (400800 nm) using UV/ Visible Spectrophotometer. After using
different concentrations of dyes solutions in buffer, the
graphic of Abs = f (Concentration) was fixed and therefore
according to the Lambert-Beer law the concentration of the
dye in buffer solutions could be identified by measuring
the absorbance, using the UV-spectrophotometer. The
wavelength that provided maximum absorbance (λ max)
for each dye solution was obtained from the scans. For
different dilutions, the absorbances at optimum wavelength
were plotted against corresponding concentrations of each
dye to generate a standard curve for use in the analysis of
dye.

quired amount of Fe-TAML/H2O2 was followed and the
samples were monitored every 2hrs for absorbance measurements under UV-VIS.

C.I. Acid Orange 7

The concentration used for the experiment were, C.I.
Acid Orange 7 (Hereafter referred to as AO7) = 0.5 mM,
Fe-TAML = 0.001mM, H 2O 2 = 5 mM, therefore AO7/
TAML = 500 and the H2O2 is constantly used in excess.
Silica gel matrix was used as a simplified surrogate for
contaminated soil due to its simple structure and the white
colour. SiO2 was dyed with Acid Orange 7 (0.5 mM) and
left in the oven. After this step dye was filled in the glass
column and then eluted with catalyst and H2O2 solution at
pH 10 and immediately scanned using UV-VIS after every
2hrs for absorbance measurements. While adding and filling processes of the dye, some part is left as unused. By
adding the buffer solution we could remove it from the
column and using the graphic previously mentioned we
could calculate the moles that have not been used or still
left in the column for the degradation process.
C.I. Reactive Red 2

Reactive Red 2 (Hereafter referred to as MX-5B) was
used in the concentrations of 100mg/l (84 µM) and
50mg/l. The ratio of Fe-TAML/MX-5B was 1/500. Therefore, we used Fe-TAML in the concentration of 0.17 µM.
Due to the fact that the concentration of oxidant must always be high enough as not to constitute a limiting factor,
the concentration of H2O2 was set to 5mM. Dyeing of silica
gel was not possible with a reactive dye, as solid matrix
had a low affinity for reactive dye. Reactive dyes are the
most suitable substance to dye cellulosic fibres. Hence
cotton and cellulose were dyed with MX-5B using 50mg/l
concentration in buffer. After leaving for one day in dye
solution, both matrices were washed with a large amount
of water until the non-bound dye had been removed, subsequently by drying at 27ºC in the oven. For analytical crosscheck, a small amount of matrices were inserted in a column and eluted with buffer. The elution solutions were
measured under UV-VIS to confirm that the bound dye is
still remaining on the fibers. After that, the addition of re-
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Decolourisation index

A decolourisation index was prepared for the dyes AO7
and MX-5B to estimate the percentage of colour removal
before and after the addition of the Fe-TAML/H2O2.
RESULTS AND DISCUSSIONS
C.I. Acid Orange 7

C.I.Acid Orange 7 (AO7) is frequently being applied
in textile industry and has already proved to be degraded
successfully in aqueous environment [13]. Therefore, this
research study is to observe the degradation dyes on silica
gel. After addition of Fe-TAML/H2O2 to silica gel contaminated with dyes, the decolourisation could be observed in
first few minutes replacing the initial orange colour to a
very slight brownish orange colour. Interestingly, the decolourisation was intense in the area, which was in close
contact with hydrogen peroxide. One explanation is disproportion bonding of the dye with Fe-TAML. The colour
after the addition of Fe-TAML/H2O2 was compared with the
decolourisation index and the percentage of removal was
55% and 85%, after 1hr and 24hrs of degradation, respectively. The UV-VIS scan was performed after 24hrs of
degradation and the peak at 484 nm was no longer observed.
C.I. Reactive Red 2

C.I. Reactive Red 2 (MX-5B) are highly reactive due
to the two chlorines built into the triazine ring. They are
named dichlorotriazinyl dyes and its characteristic absorbance wavelength is 538nm. The degradation of MX-5B has
been already performed in aqueous solution [19] and it is
now a challenge to observe the degradation percentage in
solid matrix. As for reactive dye, it is impossible to bind
to silica gel and hence during dyeing all the dye generally
comes out without dyeing the silica gel.
In these regards, dyed cotton and cellulose were subjected to the treatments of Fe-TAML/ H 2O 2. In case of
dyed cotton, after the addition of optimised ratio of FeTAML/ H2O2, incomplete decolourisation was observed.
The initial red colour was not completely decolourised and
after application of the decolourisation index the colour
removal was fixed at 85%.The wave scan was performed
after one hour and after 24hrs and the peak at 538 nm was
observed. Cotton is the purest natural form of native cellulose with cellulose I polymorphic structure. The reason
for partial decolourisation could be the possibility of incomplete degradation of C.I. Reactive Red 2 due to steric
hindrances of the bond to the cellulose. There might be
the formation of some bonds between the first and the last
-OH, but also some bonds may be formed to the inner OH of the chain and therefore, Fe-TAML/ H2O2 might be
sterically hindered to degrade the dye molecule bound
there. In case of dyed cellulose, after the addition of FeTAML, the system was left for 24hrs so that the matrix
could react with Fe-TAML and this was followed by addition of H2O2. After some time, decolourisation of Procion

MX-5B occurred, but was not completely. The slight decolouration of cellulose after comparing with the decolourisation index was fixed at 70%.
After dyeing process, some of the dye molecules have
penetrated into submicroscopic pore. Due to the adsorption
and chemically bound of dyes, cellulose provides protection of dyes from Fe-TAML. Therefore, assuming that the
first degradation step is forming of reactive species FeIIIOOH, dyes must leave from submicroscopic pore.
According to A. Sugane et al’s research results [20] that
the dye loss from cellulose was attributed to three contributions, namely, (1) alkaline hydrolysis of dye-fibre bond, (2)
oxidative fading of the dye chromophore by peroxides, and
(3) the extent of cellulose degradation. In our experiment,
only situation (1) is possible. During degradation process,
the cellulose chains can be open by the water and water can
decrease the physical interaction between dye and cellulose, which results in mobility in wet cellulose. Therefore,
some decolourisation of C.I.Reactive 2 occurred.
However, when some of C.I.Reactive 2 were bound to
cellulose by a nucleophilic substitution reaction between
cellulose and physisorbed dye, the covalent bond between
dye and cellulose fibre is evidently similar to an ester [21]
and the hydrolysis of covalent dye-fibre bond was not easy
in our experiment condition. Thus, decolourisation of C.I.
Reactive 2 occurred, but not completely. Therefore, it can
be concluded that Fe-TAML was not able to interact with
the dye properly (Fig. 3).
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FIGURE 3 - Schematic representation
of partly decolization of C.I.Reactive 2

In order to clarify the findings about incomplete reactivity due to insufficient interaction of Fe-TAML with the
dye molecules, an independant experiment was performed
in a beaker with similar conditions. The only difference was
that Fe-TAML was added during dyeing process and the
ingredients were mixed thoroughly. After drying, the pro-
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cess followed by addition of H2O2 and at the end of reaction complete decolourisation within 1hr duration was observed. The decolourisation observed was better than in
previous experiments and could be interpreted as a strong
justification for the reason of improper reaction of the dye
with Fe-TAML if added after dyeing and drying processes. The visual difference could be observed after 1hr
and 24hrs of degradation which was fixed at 70% and 0%,
respectively. Therefore, if Fe-TAML was added during the
dyeing process and the ingredients were mixed thoroughly,
Fe-TAML catalyst entered into the microfibril of cellulose
and attacked dyes bonded to cellulose. Thus, decolourisation of C.I.Reactive 2 occurred completely (Fig. 4).
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FIGURE 4 - Schematic representation
of completely decolization of C.I.Reactive 2

The question then arises why Fe-TAML can not enter
into submicroscopic pore of cellulose during the degradation process. It may be attributed to the aggregation of C.I.
Reactive 2 on cellulose, which blocks space between cellulose and prevents Fe-TAML from cellulose. The aggregation of reactive dyes on cellulose was also reported [22].
Different Reactivity of Dissolved Dyes
Compared to Adsorbed and Chemically Bound Dyes

To date, the oxidation of dyes were studied in solution
where the dyes were dissolved in water [13]. In this paper,
we looked for the oxidation of dyes with H2O2 in the presence of TAML, which are either adsorbed on silica or
chemically bound to cellulose.
In contrast to aqueous system, silica gel and cellulose
are heterogeneous medias. The reaction is apparently much
slower and not complete, depending on the pre-treatment.
It might be that the dye must be desorbed from silica to
become oxidized. There will be an equilibrium of adsorbed
and dissolved dye. The adsorption/ desorption of silica gel
on azo dyes can significantly affect Fenton treatments. Factors that can affect the adsorption/desorption are: (1) elec-

trostatic, (2) hydrogen bonding, (3) hydrophobic interactions between dye and silica gel [23]. When pH 10 was
applied, the dyes anion was the reactive species. Also, silica
gel had the surface of hydroxyls and the silica gel surface
is negatively charged at pH 10. Thus, electrostatic interaction between silica gel and azo dyes could be negligible.
Hydrogen bonding and hydrophobic interactions between
azo dyes and silica gel are more common mechanism in
adsorption/desorption process. However, Procion Red 2 was
not possible to adsorb on silica gel whereas acid orange 7
can adsorb on silica gel. Comparing with octanol-water
partition coefficient (Kow) of two kinds of dyes, it can be
found that AO7 > MX-5B. This shows that hydrophobic
interaction play an important role in adsorption and desorption.These sorption and desorption might contribute
to the relative slow degradation rate of dyes on silica gel
compared to the aqueous solution. The degradation mechanism is similar as those observed in aqueous solution: the
first step is forming of reactive species FeIII-OOH, which
then reacts with the desordyes to give the various species.
Cellulose is a linear arrangement of ß-linked glucose
units, presenting a uniform distribution of -OH groups on
the outside of each chain. When two or more chains make
contact, the hydroxyl groups are ideally situated to “zip“
the chains together by forming hydrogen bonds [17]. Reactive Procion MX-5B can bind to cellulose by physisorbtion
and chemisorption. The physisorbtion is driven by the binding enthalpy, which is ascribed to van der Walls forces [24].
The hydrogphobic dye core (conjugated aromatic part)
should be close to cellulose and the hydrophilic sulfonates
are hydrated in water pools in the bulk amorphous regions,
in this way, the binding enthalpy is small. However, Whiting et al. [25] found that Reactive Red 2 dye molecules do
not prefer to be oriented in relation to the cellulose matrix
by molecular dynamics simulations analysis with Qunanta
97. Bird et al. [26] also found that physisorbed dye showed
no orientation dependence using a NEXAFs spectroscopic
analysis. Chemisorption of the Reactive Procion MX-5B
on cellulose can take place by a nucleophilic substitution
reaction between cellulose and physisorbed dye (Fig. 5). The
covalentaly bonded species showed angle dependence.
There are no reports regarding the attachment of a particular OH group to the dye but most likely it is bound to the
primary OH group at C6 because it being sterically free.
The chemically bound dye is difficult to oxidize. The reactive species is a higher valent FeIII-OOH within the TAML
cage [13]. The oxidant must withdraw electrons from dyes,
nevertheless it is difficult to approach the dye, since the
dye is in the microfibril of cellulose, which has a helical
("Bündel-Structure") structure. Hence, due to the adsorption and chemically bound to dyes, the degradation reaction of dyes is possibly diffusion-controlled. Therefore,
ultrasonic mixing or some catalysts to accelerate hydrolysis of dye-fibre bond are required to be introduced into the
system in order to improve degradation of dyes in contaminated soil and sediment. Although this research is in
its initial stage of development, FeIII-TAML/H2O2 technol-
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ogy has been potentially an effective remediation technol-
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FIGURE 5 - Schematic representation of C.I.Rective Red 2 covalently bonded to cellulose

CONCLUSIONS
Degradation of two textile dyes, C.I.Acid Orange 7
(Orange II) and C.I. Reactive Red 2 (Procion Red MX5B) bound to silica gel and cellulose by hydrogen peroxide catalyzed by Fe (III) complexed to Tetra-Amido Macrocyclic Ligands (Fe-TAML activators) at pH 10 was
investigated. C.I.Acid Orange 7 and C.I. Reactive Red 2
on solid matrix after the addition of the Fe-TAML/H2O2
decolourize in initial time period of 10-20 minutes. The
decolourisation rate of dyes on silica gel or on cellulose
respectively was much slower than that in aqueous solution. Oxidation of azo dyes adsorbed to silica is much easier
compared to bound to cellulose. It is likely that the azodye
is desorbed into aqueous solution, where it will become
oxidized. Therefore, contamined soils can be effectively
treated by the H2O2/TAML system. The finding about decolourisation of the dyed cellulose leads to the conclusion
that that Fe-TAML molecules must enter into the microfibril of cellulose and approach closely to the dye. Thus, the
catalyst is not able to completely degrade the dye while
bound to a fabric of structure such as cellulose. The information collected is very important in cases where soil
contaminated with dyes or other chemicals should be treated
directly with Fe-TAML/H2O2 at alkaline conditions.
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SEASONAL VARIATIONS OF HEAVY METALS IN WATER, SEDIMENTS, PONDWEED (P. pectinatus L.) AND FRESHWATER
FISH (C. c. umbla) OF LAKE HAZAR (ELAZIĞ-TURKEY).
Hülya Karadede-Akın*
Department of Biology, Faculty of Art and Science, University of Dicle, 21280 Diyarbakir, Turkey

ABSTRACT
In this study concentrations of heavy metals, such as,
Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn were determined in
water, sediment, sago pondweed (Potamogeton pectinatus
L.) and muscle, liver and gill of freshwater fish (Capoeta
capoeta umbla) collected seasonally from three selected
sites of Hazar Lake. The heavy metal concentrations obtained from water samples were low. Among the metals,
the highest concentrations in water samples were found for
Fe. In the sediment samples, the highest concentration was
recorded for Mn and the lowest for Pb in all seasons and
sites. The metal concentrations determined in sago pondweed varied seasonally. The highest levels of Fe, Mn and
Zn values in sago pondweed were in spring. Heavy metal
concentrations varied significantly depending on the type
of the tissue and season. The highest metal concentrations
were found in liver, followed by gill and muscle. Heavy
metal levels in tissues of freshwater fish C. c. umbla were
increased in summer and winter, while were decreased in
autumn and spring. The present study shows that precautions need to be taken in Hazar Lake in order to prevent
heavy metal pollution that can occur in the future.

cal damage [5]. Heavy metals are accumulated in sediments,
where they may reach concentrations several orders of
magnitude greater than those in the overlying water. It is
well established that some aquatic organisms are good indicators of environmental pollution because they are relating to the food chain in the water ecosystem [6,7]. The
presence of heavy metals in different foods constitutes serious health hazards, depending on their relative levels [6].
Taking into consideration that the lake is a closed basin,
the accumulation of chemical pollutants is expected to increase annually in all its components. Accumulation patterns of contaminants in fish depend both on uptake and
elimination rates [8].
Since fish are often the last link in aquatic food chains,
the metal concentrations of many fish species have been
analyzed in relation to metal contents of aquatic environments [9,10]. In addition, colonization of aquatic plants on
the sediments polluted with heavy metals and the role of
these plants in transportation of metals in shallow coastal
areas are very important. Aquatic plants are also indicator
organisms to indicate aquatic pollution level to hold heavy
metals from water and sediments [11].

Aquatic systems are very sensitive to heavy metal pollutants and the gradual increase in the levels of such metals in aquatic environment, mainly due to anthropogenic and
geological sources [1]. Interest in the problems related to
contamination of the environment due to a wide variety of
heavy metal pollutants has increased in the last few years
and a large number of studies have been published on
heavy metals in the aquatic environment [2-4].

Lake Hazar is one of the largest and deepest lakes in
Eastern Anatolia (Turkey). The mean wide of Hazar Lake
is 4.5 km and the widest section is 5.4 km in east region,
the narrow section is 3.8 km. Hazar Lake area is approximately 80 km2. The lake’s geologic formation is a tectonic
construction. East Anatolian Fault Zone passes through the
bottom of the lake [12]. The lake is an important resort
area with its natural beauty. However, as with many lakes
in the world, the lake receives large quantities of domestic
and agricultural sewage in recent years. Three fish species,
Capoeta capoeta umbla, Alburnus heckeli, Aphanius
asquamatus inhabit in the lake. C. c. umbla has an economical importance among the fish species. Furthermore,
Alburnus heckeli and Aphanius asquamatus are the
endemic fish species for the lake. Thus, contamination in
the region is an important issue regarding the health of the
aquatic animals and humans.

Under certain environmental conditions, heavy metals
may accumulate to toxic concentrations and cause ecologi-

In the recent years, concentration of heavy metals and
natural gross radioactivity in the surface water and sedi-

KEYWORDS: Heavy metal; Hazar Lake; fish; sediment; Potamogeton pectinatus; Capoeta capoeta umbla; Turkey.
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ment of Hazar Lake were investigated by Ozmen et al. [12]
and they found a general absence of serious pollution in
the Hazar Lake. Moreover, heavy metal contents in different parts of the muscles of C. capoeta umbla have been
studied in samples taken from Hazar Lake [13]. However,
the rapidly rising population and agricultural developments near the lake have resulted in the deterioration of
the water quality in Hazar Lake. For this reason, it would
be useful to determine levels and seasonal variations of
heavy metals in water, sediment and organisms representing primer and secondary productivity.
This study was carried out in order to investigate seasonal bioaccumulation patterns of selected metals (Cd, Cr,
Cu, Fe, Mn, Ni, Pb and Zn) in water, sediments, pondweed (P. pectinatus L.) and freshwater fish (C. c. umbla
Heckel) collected from the Hazar Lake, Elazig-Turkey.
MATERIAL AND METHODS
Sites Description

Samples were taken during 2004 and 2005 from three
sites (I, II and III) in relation to the contamination gradient on the Hazar Lake. Site 1 (38°31'34'' N, 39°28'38'' E)
is located at the east of the lake where materials from the
Behrimaz Stream flow into the lake. Site II (38°29'35'' N,
39°21'58'' E) is located at the north part of the lake and is
therefore relatively less affected from contaminated effluents. Site III (38°26'52'' N, 39°18'51'' E)) is selected in the
west of the lake near Sivrice, an important holiday town,
and receives domestic effluents of the town.

transported to the laboratory for analysis. At the laboratory, sediments were freeze-dried for 24 h. Then, they were
placed on a filter disc between sheets of filter paper and
left to dry at room temperature.
Fish

Freshwater fish, C. c. umbla were obtained seasonally
from commercial catches of the surrounding regions. Fish
samples were transported to the laboratory in ice on the
same day. The number, size and weight of each fish species were taken (Table 1). All fish samples were kept at
−30°C until analysis.
TABLE 1 - Some morphometric and biological
characteristics of C. c. umbla from Hazar Lake.
Season

N

Weight (g)

Fork Length (cm)
180.8±53
22.8±2.3
Winter
4
(130-252)
(20.30-26)
83.9±18
17.2±1.4
Spring
4
(64.2-113)
(16-19)
178.4±56
22.2±2.2
Summer
4
(118.9-246)
(20-25)
186.2±109
23.9±5.5
Autumn
6
(113-400)
(20.5-35)
21.63±4.21
157.7±79
Total
18
(16.0-35.0)
(64-400)
N-number of fishes, mean values± standard deviation. Values in parentheses indicate the minimum and maximum levels.
Aquatic plant

Pondweed (P. pectinatus L.) samples were collected
in winter and summer seasons from Site I.
Analytical procedure

Surface water samples were filtered through a 0.45 mm
Whatman no.1 filter paper, and 100ml of the water sample was adjusted to pH 3.5 with HCI. The sediments were
dried in petri dishes at 110 oC for 24 h. The dried sediments were passed through a 100 mesh stainless screen to
remove larger particles, and 1 g sediment was weighed
before 2.5 ml HNO3 (% 65) + 7.5 ml HCl were placed
into digestion bombs and digested in a microwave digestion
system (Berghof Speedwave MWS-3). The advantages of
microwave digestion against the classical methods are the
solution [3]. After digestion, the samples were cooled to
room temperature and diluted to 15 ml with high-quality
deionized water.

FIGURE 1 - Map of the Hazar Lake, Turkey,
showing the sampling locations of the study area.
Sampling procedure
Water

Surface water samples were taken from each site by
using 1-l polyethylene bottles and transported to the laboratory in a cooler box. Bottles were kept in 1% nitric
acid (Analytical Grade) at 4°C before their use.
Sediments

Sediment samples were taken at each site using sampling tubes. The samples were kept in ice before being

A total of 17 samples of C. c. umbla species were collected from February 2005 to January 2006 at intervals of
three months by fish nets from the study area (Fig.1). Fish
samples were transported to the laboratory in ice on the
same day. The fork length and weight of fish specimens
were taken.
Approximately 2 g of the epaxial muscle on the dorsal surface of the fish, the entire liver and two gill racers
from each sample were dissected, washed with distilled
water, dried in filter paper, weighed, packed in polyethylene bags and kept at −30°C until analysis. The samples
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that were 0.2 g weighed were placed into the digestion
bombs containing 7 ml HNO3 (65%) and digested in a
microwave digestion system. The samples were cooled to
room temperature and diluted to 15 ml with high- quality
deionized water.

the same manner as the samples. Instrument was calibrated with Standard solutions prepared from commercial
materials.
TABLE 2 - Observed and certified values of elemental concentrations, as (µg /g dry weight, in standard reference materials
DORM-2 from the National Research Council, Canada (n = 3)

o

P. pectinatus samples were also weighed and 110 C
48 h dried and analysis was carried out according to the
procedure described by Yilmaz et al. [14].
Stock standard solutions of Cd, Cr, Cu Fe, Mn, Ni,
Pb and Zn were obtained from Merck in concentrations of
1,000 mg/l (Merck, Darmstadt, Germany). Sample blanks
were analyzed after every 7–10 samples. Analytical blanks
were run in the same way as the samples and concentrations were determined using standard solutions prepared
in the same acid matrix. All samples were analyzed two
times for Cd, Cr, Cu Fe, Mn, Ni, Pb and Zn by Perkin
Elmer Optima 2100 DV ICP-OES which is a fast multielement technique with a dynamic linear range and moderate- low detection limits [15]. The concentrations of heavy
metals are expressed as µg/g wet weight of tissue The absorption wavelengths were 228.802 nm for Cd; 267.716 nm
for Cr; 228.616 nm for Co; 327.393 nm for Cu; 238.204 nm
for Fe; 257.61 nm for Mn; 231.604 nm for Ni; 220.353 nm
for Pb and 206.2 nm for Zn, respectively.
Stock standard solutions of Cd, Cr, Cu Fe, Mn, Ni, Pb
and Zn were obtained from Merck in concentrations of
1,000 mg/l (Merck, Darmstadt, Germany). Sample blanks
were analyzed after every 7–10 samples. Analytical blanks
were run in the same way as the samples and concentrations were determined using standard solutions prepared
in the same acid matrix. The digestion and analytical procedures were checked by analysis of standard reference
material (DORM-2 National Research Council Canada,
Ottawa, Ontario, Canada). Replicate analysis of these reference materials showed good accuracy, with recovery
rates for metals between 94% and 98% for fish. These
standards (in powder form) were prepared and analyzed in

Metals
Zn
Fe
Cd
Cu

Certified
values
(µg/g)
25.6±2.3
142±10
0.043±0.008
2.34±0.16

Measured
values
23.9±2.3
135±12
0.041±0.008
2.25±0.16

Recovery
(%)
97
95
98
96

Statistics

Statistical comparison among means of more than
two groups was performed by one-way ANOVA. When
ANOVA was significant, the Student–Newman–Keuls (SN-K) test was employed for the comparison. Differences
were considered significant at P≤0.05. SPSS software version 10.0 (SPSS Inc., Chicago, IL, USA) was used for
statistical analysis.
RESULTS
Water

The concentrations of heavy metals in water taken
from Hazar Lake are given in Table 3. The Cd, Cr, Cu,
Ni, and Pb values in water samples from Sites I, II and III
were below the limits detected by ICP. In general, the
heavy metal concentrations obtained from water samples
were relatively low. In Hazar Lake, Fe was the highest in
water samples. In addition, Fe, Mn and Zn showed the
highest concentration in water samples taken from Site
III. In general, for all the metals measured in the water a
seasonal component can be detected with maximum values measured in summer.

TABLE 3 - The heavy metal concentrations of water in different sites and seasons with annual mean from the Hazar Lake (mg/l).
Season
Autumn
Winter
Spring
Summer
Sites
Site I
Site II
Site III

Cd
N.D.
N.D.
N.D.
N.D.

Cr
N.D.
N.D.
N.D.
N.D.

Cu
N.D.
N.D.
N.D.
N.D.

Fe
0.25±0.05
0.16±0.02
0.15±0.01
0.27±0.05

Mn
0.01±0.002
0.012±0.002
0.011±0.001
0.021±0.002

Ni
N.D.
N.D.
N.D.
N.D.

Pb
N.D.
N.D.
N.D.
N.D.

Zn
0.023±0.004
0.038±0.015
0.025±0.012
0.040±0.008

N.D.
N.D.
N.D.

N.D.
N.D.
N.D.

N.D.
N.D.
N.D.

0.16±0.03
0.10±0.02
0.32±0.08

0.012±0.004
0.011±0.002
0.024±0.001

N.D.
N.D.
N.D.

N.D.
N.D.
N.D.

0.033±0.012
0.021±0.09
0.051±0.011

Sediment

The results of the heavy metal analysis in the sediments are shown in Table 4 and 5, Figure 2. The statistical
analysis performed by ANOVA indicated that no significant seasonal variations in the heavy metal level of sediment were detected for all elements analyzed (P< 0.05).

However, there were significant differences (P<0.05) between the three sampling sites. Cu concentration at Site I
had a significant statistical difference when compared to
Sites II and III. Moreover a significant statistical difference was determined in terms of Mn and Zn concentrations between the sites. In sediment samples, the highest
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concentration was recorded for Mn and the lowest for Pb.
The highest sediment levels of Cr, Cu, Mn, and Ni were
detected at Sites I and II and the highest Cu levels of Site
III in spring. On the contrary the Cr, Pb, Zn, and Ni sedi-

ment levels at Site III were detected at highest levels in
autumn.

TABLE 4 - Heavy metal concentrations in sediments at different seasons with annual mean, from the Hazar Lake (µg/g dry weight).
Season

Cd

Cr
Cu
Mn
Ni
Pb
89.45±52.67 a
47.12±12.53 a
436.10±153.4 a
50.04±31.19 a
0.28±0.48 a
Autumn
N.D.
(45.56-147.86)
(32.65-54.36)
(270.56-573.56)
(25.34-85.10)
(0.00-0.84)
84.78±49.61 a
44.94±10.30 a
489.26±154.5 a
46.29±26.88 a
0.10±0.16 a
Winter
N.D.
(46.76-140.89)
(33.40-53.18)
(311.66-592.72)
(23.33-75.87)
(0.00-0.28)
92.72±51.68 a
52.31±5.19 a
492.88±236.2 a
52.73±35.41 a
0.13±0.23 a
Spring
N.D.
(50.25-150.27)
(46.93-57.30)
(259.61-731.89)
(26.98-93.11)
(0.00-0.40)
83.81±48.46 a
40.93±8.30 a
462.94±221.7 a
48.94±38.98 a
4.07±7.04 a
Summer
N.D.
(45.11-138.16)
(31.62-47.58)
(232.11-674.38)
(19.05-93.03)
(0.00-12.20)
87.70±43.34
46.32±9.14
470.29±168.1
49.50±28.61
1.14±3.49
Mean
N.D.
(45.11-150.27)
(31.62-57.30)
(232.11-731.89)
(19.05-93.11)
(0.00-12.20)
Mean values and ± standard deviation. Values in parentheses indicate the minimum and maximum levels.
ND: not detected. Values with different letters are significantly different at P< 0.05 level.

Zn
25.64±10.94 a
(13.03-32.49)
26.66±10.96 a
(14.04-33.90)
27.81±10.73 a
(16.26-37.49)
28.27±14.75 a
(12.67-41.99)
27.09±10.26
(12.67-41.99)

TABLE 5 - Heavy metal concentrations in sediments at different sites with annual mean from the Hazar Lake (µg/g dry weight)
Sites

Cd
0.01±0.02 a
0.00-0.05

Cr
Cu
Mn
Ni
Pb
Zn
107.51±42.8 a
49.72±4.83 a
643.14±73.56 a
66.37±30.82 a
3.15±6.04 a
36.20±4.59 a
Site I
(66.67-150.27)
(43.59-54.36)
(573.56-731.89) (39.67-93.11)
(0.00-12.20)
(31.42-41.99)
46.92±2.32 a
36.15±7.22 b
268.49±33.01 b
23.67±3.42 a
13.99±1.61 b
Site II N.D. a
N.D. a
(45.11-50.25)
(31.62-46.93)
(232.11-311.66) (19.05-26.98)
(12.67-16.26)
108.64±41.54 a
53.10±4.07 b
499.26±43.88 c
58.45±25.75 a
0.29±0.39 a
31.09±1.38 c
Site III N.D. a
(68.16-147.86)
(47.58-57.30)
(464.17-563.40) (34.75-85.10)
(0.00-0.84)
(29.66-32.49)
0.004±0.01 87.69±43.34
46.32±9.14
470.30±168.15
49.50±28.61
1.14±3.49
27.09±10.26
Total
0.00-0.05
(45.11-150.27)
(31.62-57.30)
(232.11-731.89) (19.05-93.11)
(0.00-12.20)
(12.67-41.99)
Mean values and ± standard deviation. Values in parentheses indicate the minimum and maximum levels. ND: not detected.
Values with different letters are significantly different at P< 0.05 level. a, b, c letters indicate mean differences between the sites
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FIGURE 2 - Heavy metal concentrations in sediments at different sites
and seasons with annual mean from the Hazar Lake (µg/g dry weight)
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Aquatic plant

The results of the heavy metal analysis in sago pondweed P. pectinatus are shown in Table 6. Cd, Cu, Ni and
Pb were not detected in the sago pondweed. The highest
concentration (519.47 µg/g) was recorded for Fe and the
lowest was recorded (57.44 µg/g) for Ni. The metal concentrations determined in sago pondweed varied seasonally. Zn was not obtained in samples taken in winter. The
highest levels of Fe, Mn and Zn values in sago pondweed
were found in spring samples.
Fish

Results of heavy metal concentrations in the tissues
of freshwater fish C. c. umbla taken seasonally from the
Hazar Lake are summarized in Table 7. In general, different tissues showed different capacities for accumulating
heavy metals. The highest metal concentrations were found
in the gill and liver. However, the muscle tended to accumulate less metal than gill. Heavy metal levels considerably varied among individuals of the same species.

The level of a given metal also showed significant
differences between the tissues throughout the year in fish
samples. Cd, Mn, Ni, Zn and Fe concentrations in liver of
fish samples were determined at the highest level in winter, while the highest level of Cu was determined in summer, Cr was the highest in spring and Pb in summer. Also
the highest levels of Cd, Mn and Zn concentration in gill
were determined in winter, whereas the highest Cr, Cu,
Ni and Fe levels were determined in spring. Pb levels in
gill were found to be similar in autumn and winter seasons.
The concentration levels in muscle were generally accumulated at the lowest levels in every season, however,
Cd, Cu, Ni, Zn, Fe and Pb levels in muscle were measured the highest in winter compared with the other seasons. However, mean metal concentrations in the muscle
of fish were on average below the maximum tolerance
levels for human consumption established by the Turkish
Standard for Fish (TSE) [16].

TABLE 6 - Heavy metal concentrations (µg/g dry weight) of sago pondweed (P. pectinatus L.) from the Hazar Lake.
Season
Winter
Spring

Cd
N.D.
N.D.

Cu
N.D.
N.D.

Fe
357.19±5.0
519.47±2.6

Mn
57.44±0.5
236.35±1.4

Ni
N.D.
N.D.

Pb
N.D.
N.D.

Zn
N.D.
9.25±0.16

Mean values and ± standard deviation. ND: not detected.

TABLE 7 - Heavy metal concentrations (µg/g wet wt) in tissues of C. c. umbla in different seasons from the Hazar Lake.
Tissue Season

Cu
69.98±37.16a
6
(29.26-119.82)
40.78±18.19a
4
(14.45-55.75)
25.35±14.93a
4
(11.63-46.10)
78.76±31.2 a
4 N.D.a
N.D. a
(43.35-102.35)
0.056±0.16
0.18±0.73
54.16±33.41
18
(0.00-0.645) (0.00-2.994) (11.64-119.82)
N.D.a
0.22±0.07 a
6 N.D.a
(0.129-0.304)
0.034±0.014b 0.05±0.11
0.79±0.32 a
4
(0.016-0.005) (0.0-0.214)
(0.497-1.232)
6.02±3.09 b
2.20±.821b
4 N.D. a
(3.237-10.211) (1.262-3.199)
0.062±0.11a
4 N.D. a
N.D.a
(0.00-0.187)
0.009±0.017 1.52±3.02
0.83±0.95
18
(0.00-0.050) (0.00-10.211) (0.00-3.199)
0.11±0.12 a
6 N.D.a
N.D.
(0.00-0.266)
0.049±0.01 b
0.39±0.47 a
4
N.D.
(0.039-0.065)
(0.00-0.909)
0.11±0.17 a
4 N.D.a
N.D.
(0.00-0.368)

Mn

Summer

4

Mean

0.010±0.021
18
(0.00-0.065)

Autumn
Winter
Liver

Spring
Summer
Mean
Autumn
Winter

Gill

Spring
Summer
Mean
Autumn
Winter

Muscle Spring

N

Cd
Cr
0.009±0.014a
N.D.a
(0.00-0.035)
0.225±0.28 a
N.D. a
(0.059-0.646)
0.75±1.50a
N.D. a
(0.00-2.994)

N.D.a

N.D.a
2.43±2.96 a
(0.00-6.01)
0.99±1.98a
(0.00-3.96)
N.D. a
0.80±1.84
(0.00-6.01)
0.05±0.09a
(0.00-0.20)
4.17±3.96a
(0.41-8.20)
3.42±2.97a
(0.00-7.06)
N.D.a
1.91±2.96
(0.00-8.20)
N.D.
N.D.
N.D.

N.D.

N.D. a

N.D.

N.D.

0.14±0.24
(0.00-0.909)

N.D.

Ni
0.26±0.07 a
(0.183-0.348)
1.85±1.74 a
(0.455-4.152)
0.43±0.69 a
(0.001-1.464)
0.67±0.45 a
(0.147-0.959)
0.74±1.04
(0.002-4.152)
0.29±0.07 a
(0.165-0.349)
0.78±0.53 a
(0.388-1.527)
2.65±1.11b
(1.52-4.140)
0.25±0.17 a
(0.125-0.439)
0.99±1.154
(0.125-4.140)
0.19±0.04 ab
(0.133-0.245)
0.44±0.03 b
(0.404-0.470)
0.06±0.09 a
(0.00-0.191)
0.43±0.29 b
(0.118-0.706)
0.25±0.20
(0.00-0.706)

Zn
18.52±5.86ab
(12.66-27.91)
22.89±4.50 c
(19.06-29.21)
5.05±1.90 a
(3.49-7.63)
13.89±1.22 b
(13.03-15.29)
15.57±7.76
(3.49-29.21)
20.74±4.18 b
(15.82-24.73)
51.53±12.06c
(39.43-62.46)
7.53±2.43 a
(5.73-10.90)
24.82±2.50 b
(22.25-27.25)
25.90±17.61
(5.73-62.46)
1.65±0.66 a
(0.73-2.37)
5.53±0.58 b
(4.87-5.99)
1.58±1.06 a
(0.07-2.53)
1.15±0.41a
(0.71-1.51)
2.31±1.80
(0.07-5.99)

Fe
27.23±13.90 a
(11.62-49.99)
79.33±19.63 b
(55.80-100.24)
30.79±44.46 a
(5.25-97.09)
23.47±9.50 a
(13.74-32.71)
39.66±32.17
(5.25-100.24)
13.39±5.52 a
(7.26-20.66)
106.61±141.7a
(24.60-318.79)
109.63±42.05a
(63.23-164.93)
15.29±9.85 a
(5.86-25.51)
61.11±82.16
(5.86-318.79)
0.10±0.15a
(0.00-0.33)
2.46±1.4b
(1.23-4.03)
0.02±0.04 a
(0.00-0.08)
N.D. a
0.53±1.14
(0.00-4.03)

Pb
0.236±0.12 a
(0.048-0.415)
0.144±0.11 a
(0.039-0.296)
0.090±0.09 a
(0.00-0.230)
0.26±0.11 a
(0.141-0.337)
0.184±0.12
(0.00-0.415)
0.34±0.061a
(0.256-.0401)
0.33±0.084a
(0.263-0.452)
0.12±0.094b
(0.052-0.254)
0.25±0.018a
(0.228-0.262)
0.26±0.11
(0.052-0.452)
0.20±0.076 a
(0.070-0.251)
0.37±0.089 b
(0.293-0.471)
0.075±0.10a
(0.00-0.219)
0.18±0.06 a
(0.116-0.235)
0.20±0.13
(0.00-0.470)

Mean values and ± standard deviation. Values in parentheses indicate the minimum and maximum levels. ND: not detected. Values with different letters are significantly different at P<0.05 level. a, b, c letters indicate mean differences between the sites
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DISCUSSION
In general, the heavy metal concentrations obtained
from water samples were relatively low. Heavy metal contents of the water from the sites were similar to a previous
study performed in the lake except for Mn [12]. Fe, Mn
and Zn concentrations in the lake water of the three sampling sites are within the TSE [16] and WHO [17] standards.
Concentrations of heavy metals in sediments from
different regions showed small variations and it was indicated that sediment metal concentrations did not differ
significantly among different seasons. Metal accumulation in sediments showed minor increases in spring and
winter seasons. This tendency could be due to the rainfall
during these seasons which increases the metal in sediment by washing down agricultural wastes [18]. However, there were significant differences between the three
sampling sites related to domestic waste and agricultural
activity around the sites. Cu, Mn and Ni levels in sediments determined in this study were found similar with
those reported for Hazar Lake in a previous study [12].
However Cr and Pb were determined at higher levels.
Differences between the heavy metal concentrations between the two studies could be due to sediment sampling
at different sites and time.
The result in this study indicated that Cd, Cu, Ni Pb
were not accumulated in sago pondweed from Hazar
Lake. Furthermore, concentrations of Mn and Zn in sago
pondweed were lower than the concentrations of the same
metals in sediments. The presence of high concentrations
of Fe and Mn in the plant can be attributed to the fact that
they are important micronutrients for various metabolic
functions [19]. Metal accumulation may also depend onto
seasonal variation. In the present study, the highest levels
of Fe, Mn and Zn values in sago pondweed were in spring
samples. However, it has been reported in aquatic plants
that the accumulation ratio of heavy metals was lower in
spring compared to summer and autumn [20], whereas
others have indicated the highest levels during spring and
the lowest during winter [21].
A number of studies have shown that various factors
such as season, length and weight, physical and chemical
status of water [22] can play a role in the tissue accumulation of metals. Seasonal changes of metal concentrations
in fish may result from intrinsic factors such as growth
cycle and reproductive cycle and from changes in water
temperature. Additionally, the differences noted in the metal
concentrations in different tissues between seasons could
have been the result of local pollution. Our results showed
that generally metal accumulation is the highest in liver
and gills, while it is low in the muscle of the freshwater
fish C. c. umbla [4, 22].
Target organs, such as liver and gill have the tendency
to accumulate heavy metals in high values, as shown in
many species of fish in different areas: in Tilapia zillii in

Manzalah Lake [23], in C. c. umbla in Hazar Lake and
Keban Dam Lake [13, 24], in Liza abu and Silurus triostegus in Atatürk Dam Lake [25], in Scardinus erythrophthalmus in Karatas Lake [26], in Leuciscus cephalus and
Stizostedion lucioperca in Beysehir Lake [27]. In this
study, the highest concentrations of Cu were observed in
the liver of C. c. umbla, followed by gill and muscle, while
Cr, Fe, Mn, Ni, Pb and Zn concentrations were highest in
the gill followed by the liver and muscle. The concentrations of metal in the gill reflect the concentrations of metals
in the waters where the fish species live, where as the concentrations in liver represent storage of metals [28]. It is
well known that high induction levels of metallothionein
occur in liver tissue of fishes [28]. The gills are the uptake
site of waterborne ions, where metal concentrations increase
especially at the beginning of exposure, before the metal
enters other parts of organism [22].
In this study we also aimed to determine the seasonal
variation of heavy metals in liver, gill and muscle of C. c.
umbla. The maximum concentrations of metals were reached
in summer and winter, while the lowest concentrations of
metals were in samples of spring and autumn. The relatively high concentrations of heavy metals in summer and
winter were also found in C. c. umbla in Keban Dam Lake
[24], in Stizostedion lucioperca and Carassius carassius in
Kovada Lake [29], Tilapia zillii in Manzalah Lake [23]. The
increase of heavy metal levels in summer and winter could
be due to an increase of the physiological activity of fish
during summer caused primarily by the increasing water
temperature and decrease in waste water from agricultural
activities during winter [29].
According to our results, Fe and Zn were found at the
highest concentration in muscle of in C. c. umbla followed
by Ni, Pb, Cu and Cd. Our Fe, Mn, Ni, and Pb values were
lower than those reported in other studies [30, 31], but Ni
values were similar to those of the study of Karadede et
al. [25].
CONCLUSIONS
The wastewater drainages have been connected to the
lake without having been subjected to any wastewater pretreatment. In conclusion, interventions should be made to
reduce anthropogenic discharges in the lake basin; otherwise, heavy metals may increase resulting in the elevated
concentration in fish and humans.
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AN EXTRACT FROM Asphodelus aestivus BROT. SHOWING
TOXICITY AGAINST Tetranychus cinnabarinus BOISD.,
THE CARMINE SPIDER MITE
Ibrahim Gencsoylu*
Adnan Menderes University, Faculty of Agriculture, Dept. of Plant Protection, 09100 Aydın, Turkey

ABSTRACT
In this study, we evaluated an extract from the root
part of plant Asphodelus aestivus Brot. against
Tetranychus cinnabarinus Boisd. under laboratory conditions. The extract not only has mortality, but it also reduces
the number of eggs laid and number of eggs that hatched.
The root extract of the plant was tested at two different
times of the year (November and May) and it was toxic
and found to have an LC50 of 0.5 g/ml. In comparison tests
with the synthetic chemical compound dicofol (trade
name, Kelthane), the root extract proved to be more toxic
in May than in November. The percentage mortality was
46.6% and 50% within 24 h of application in November
and May and it reached the highest levels of 57.1% and
87% after 96 h, respectively. Mite treated with the extract laid a significantly smaller number of eggs by 96 h
after exposure than did control mite. The results show that
the root extract of A. aestivus has potential acaricide activity, and that its use may reduce undesirable side effects,
health problems, and environmental pollution associated
with synthetic chemicals currently used in pest management programs. Further re-search is needed to identify the
bioactive compound(s) in the extract and determine the
range of crop pests and natural enemies that the extract
affects.
KEYWORDS:
Asphodelus aestivus, extract, Tetranychus cinnabarinus, toxicity.

INTRODUCTION
Tetranychus cinnabarinus feeds on several agricultural
crops, including strawberry, cotton, and greenhouse plants.
In Turkey, it has caused serious damage and reduced plant
quality and quantity of yields [1]. In light of this, agricultural management practices have been implemented against
this destructive pest [2]. These practices primarily involve
the use of chemicals, which, after a short time, lead to
resistance in the pest population. In some cases, the emergence of resistance has necessitated the doubling or tripling

of application rates [3]. As a result of the health hazards,
undesirable side effects, and environmental pollution caused
by the continuous use of synthetic chemical pesticides [4],
there is renewed interest in the application of botanical
pesticides for crop protection.
Specific plants may be a source of pesticides that provide a less harmful alternative to synthetic pesticides, at
least against a limited number of species. These plant compounds often non-toxic products and can potentially be used
in integrated pest management. In recent years, researchers have tried to use some plants as botanical products to
control T. cinnabarinus [5, 6]. Singh and Singh [7] and
Makundi and Kashenge [8] found neem extract to exert an
ovipositional deterrence effect and to suppress the emergence of T. urticae nymphs. In addition, Topuz and Erler
[9] evaluated components of essential oils, laurel (Laurus
nobilis L.), myrtle (Myrtus communis L.) and wormwood
(Artemisia absinthum L.) to determine their antifeeding and
oviposition deterrent effects against T. cinnabarinus.
Studies have tested extracts of A. aestivus against T.
cinnabarinus. A. aestivus is a perennial that grows to a height
of over 1 meter. It has gray-green basal leaves and a white
flower, and it is widely distributed throughout the Mediterranean, including Portugal, Corsica, Crete, the Balearics, France, Greece, Spain, Italy, the former Yugoslavia,
Sicily, the Aegean Islands, and Turkey [10]. Birincioglu el
al. [11] and Calış et al. [12] reported that it was highly toxic
to sheep in Aydın province, Turkey. Zohary [13] also mentioned that herbivorous domestic mammals do not consume
A. aestivus, most likely due to high amounts of secondary
compounds in the plant. Gencsoylu [14] reported that the
crude extract of A. aestivus was highly toxic to T. cinnabarinus. However, no more studies with botanical pesticide have conducted against this pest. Therefore, this
study was conducted to evaluate the toxicity of A. aestivus
on T. cinnabarinus.
MATERIALS AND METHODS
Mites
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Adult mites T. cinnabarinus obtained from Dr. Ibrahim Cakmak at Plant Protection Department, Faculty of
Agriculture, Adnan Menderes Universty were grown under
controlled conditions in a growth chamber (26 ± 2 ˚C, 60%
± 5 RH and 16/8: L/D photoperiod) on bean plants
(Phaseolus vulgaris L.).
Compounds

Dicofol (trade name, Kelthane) obtained from Dow
AgroScience Company , Izmir used to compare its effects
with those of the extract. The plant A. aestivus naturally
grown was obtained from grassland at Research Center of
Faculty of Agriculture, Adnan Menderes University in Aydin, Turkey.
Toxicity Studies

The study was conducted at two different times of the
year, November and May. In each time fifteen plants were
removed by shovel from the field, avoiding any damage
to the root, and brought to the laboratory. The roots were
then crushed into a fine powder and stored at 26 ± 2 ˚C
until use. Different amounts of extract were prepared using
the following amounts of crushed roots (in g): 10, 50, 100,
200, 300, 400, and 500. Each extract was made with 50 ml
of distilled water and shaken for approximately one minute. The mixture was filtered using a fiber-glass filter to
remove all plant debris. The extract was left in a refrigerator overnight and was refiltered the following morning.
The bioassay for mortality rates

Leaf discs with a diameter of 10 cm from bean leaves
were placed in Petri dishes. Ten female adults were introduced on the surface of the disks. Each Petri dish was
sprayed using a hand compression sprayer. They were left
to dry for 45 min, then placed in a growth chamber undercontrolled conditions (26 ± 2 ˚C, 60% ± 5 RH and
16/8: L/D photoperiod). The survivors were recorded after
a day the mean mortality rates were calculated. Mites were
assessed with a fine paintbrush and classified as dead,
moribund and alive. Dead and moribund were considered
dead for analysis.

The bioassay for eggs laid

Ten adult females on the surface of the disks were
sprayed with different amounts of crushed roots (in g) and
dicofol. They were left to dry for 45 min, then they were
placed in a growth chamber under controlled conditions
(26 ± 2 ˚C, 60% ± 5 RH and 16/8: L/D photoperiod). The
control was sprayed with distilled water. Number of deposited eggs/female was daily recorded.
The bioassay for eggs hatching

Leaf discs with a diameter of 10 cm were placed in
Petri dishes and ten adult females were introduced on the
surface of the disk and permitted to lay eggs for 24 h.
Thereafter they were removed. 10 eggs per leaf disk were
used and sprayed with different amounts of crushed roots.
The disk then was dried for 45 min and then placed in
growth chamber under controlled conditions (26 ± 2 ˚C,
60% ± 5 RH and 16/8: L/D photoperiod). All disks were
checked daily and egg hatching was determined by counting the numbers of hatched eggs.
Statistical analysis

Data were analyzed by using the SPSS software program [15]. Duncan’s Multiple Range Test (MRT) was
conducted where significant F-values were obtained.
RESULTS AND DISCUSSION
Mortality rates of adult female T. cinnabarinus at two
different times of the year are shown in Table 1. The root
plant extract significantly reduced the mite population
compared to the control. The root extract obtained in May
proved to be more toxic than the one obtained in November. The percentage mortality was 46.6% and 50% within
24 h of application in November and May and it reached
the highest levels of 57.1% and 87% after 96 h, respectively. The root extract significantly reduced the mean number of eggs laid (Table 2). In fact, adults treated with the

TABLE 1 - Mean mortality rates (%) of T. cinnabarinus adult females after 24 h of
exposure to A. aestivus root extract at two different times of the year (November and May)
__________________________________________________________________________________________________
Days after exposure
_________________________________________________________________________
Treatment
Time
1
2
3
4
_________________________________________________________________________________________________
Root extract
November
46.6±8.3b
53.3±9.1b
57.1±9.4b
57.1±9.1b
May
50.0±9.1b
62.4±9.5b
64.6±8.5b
87.0±10.2a
_________________________________________________________________________
Kelthane
November
90±12.4a
100.0±15.4a
100±14.7a
100±14.7a
May
92.0±1.5a
100.0±0.1a
100.0±0.2a
100.0±0.3a
_________________________________________________________________________
Control
November
1.0±0.1c
2.0±0.5c
2.0±0.6c
5.0±2.1c
May
0
1.0±0.1c
1.2±0.2c
2.1±0.5c
__________________________________________________________________________________________________
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Means followed by the same letter are not significantly different within columns (p < 0.05).
TABLE 2 - Mean numbers of eggs laid per adult of T. cinnabarinus after 24 h of
exposure to A. aestivus root extract at two different times of the year (November and May)
__________________________________________________________________________________________________
Days after exposure
__________________________________________________________________________
Treatment
Time
1
2
3
4
___________________________________________________________________________________________________
Root extract
November
0
0.6±0.1b
0.3±0.1b
2.0±0.4b
May
0
0.3±0.1b
0.3±0.1b
0.3±0.1c
____________________________________________________________________________________
Kelthane
November
0
0
0
0
May
0
0
0
0
____________________________________________________________________________________
Control
November
4.3±1.4a
4.5±1.4a
3.3±1.2a
6.3±1.7a
May
5.1±3.2a
5.2±4.1a
6.1±4.2a
7.7±3.5a
____________________________________________________________________________________________________
Means followed by the same letter are not significantly different within columns (p < 0.05).

TABLE 3 - Mean number of eggs hatching per day after exposure
to A. aestivus root extract at two different times of the year (November and May)
_____________________________________________________________________________________________________
Days after exposure
____________________________________________________________________________
Treatment
Time
1-6
7
8
9
_____________________________________________________________________________________________________
Root extract
November
0
0
0
3.0±0.7a
May
0
0
0
0.1±0.1b
_____________________________________________________________________________________
Kelthane
November
0
0
0
0
May
0
0
0
0
_____________________________________________________________________________________
Control
November
0
1.6±0.4a
2.4±0.0a
3.0±0.7a
May
0
1.9±0.3a
2.5±0.3a
3.4±0.5a
_____________________________________________________________________________________________________
Means followed by the same letter are not significantly different within columns (p < 0.05).

extract did not lay any eggs on the first day, in contrast to
the control. The extract obtained had a greater effect on the
number of eggs laid, with only 2.0±0.4 eggs 4 days after
exposure, compared to 6.3 ± 1.7 eggs in November. The
root extract was also efficient at preventing egg hatching
(Table 3). Average number of eggs hatching in the control
was 1.6 ± 0.4 eggs and 1.9 ± 0.3 eggs 7 days after exposure in November and May respectively, whereas most of
the eggs of the extract-treated adults hatched specifically
3.0 ± 0.7 eggs and 0.1 ± 0.1 eggs 9 days after exposure in
November and May.
The study shows that the root extract of A. aestivus is
toxic against T. cinnabarinus Extract obtained in May
proved to be more toxic against adult mites and to be more
effective at reducing the number of eggs laid and delaying
egg hatching. The extract caused more than 50% mortality at 24 h, and the mortality reached 87% by 96 h. This
result indicates that the extract is very toxic to the mite in
May (Table 1). The extract also reduced the number of
eggs laid as well as delaying egg hatching by two days
relative to the control. The mean number of eggs laid in

the treatment was 7.5 in November and 17.3 times lower
in May compared to the control (Table 2).
Birincioglu el al. [11] reported the first clinical and
pathological findings of neuronal lipofuscinosis in sheep
caused by A. aestivus; they found this plant to be toxic to
sheep in the Aydın province, Turkey. Zohary [13] also
mentioned that herbivorous domestic mammals do not consume A. aestivus, probably due to high amounts of secondary compounds in its tissues. Calış et al. [12] studied the
fresh leaves of A. aestivus and obtained three anthronoides,
three flavone C-glycosides, one nucleoside, two amino
acids, and a quinic acid derivative. In addition, researchers
isolated three chemical compounds (anthranoids, flavonoids, and triterpenes) from tubers of the Asphodelus
species [16-19]. El-Fattah et al. [20] found anthronoids to
be the chemical compound that was toxic to farm animals.
We believe that anthronoids in the roots of A. aestivus
caused the toxicity to the mite in the present study.
The extract described here has been shown to be more
toxic than that reported in other studies. Mansour et al. [6]
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reported that four plant extracts caused at least 25% mortality, 22 plant extracts caused a significant reduction in
the mean number of mites, 12 extracts caused at least
50% mite repellency, and 20 extracts caused a significant
reduction in the mean number of eggs. In addition,
Mansour et al. [21] also found that three formulations
from neem seeds had potential acaricide activity against
T cinnbarinus and caused at least 65% mortality and repellency. In fact, neem extracts show insecticide activity
against nearly 200 species of insects [22]. Similar results
have also been obtained from other botanical pesticides [23].
The results of the present study show that the extract
of A. aestivus is highly effective compared to other botanical pesticides. Mite control for most crops in rural areas
most frequently involves the use of systemic acaricides,
which may cause environmental and human health problems. Thus, the A. aestivus root extract may be a useful
alternative to synthetic acaricides in management programs
against T. cinnabarinus in greenhouses or fields.

CONCLUSION
The results show that the root extract of A. aestivus
shows robust acaricide activity in the laboratory, and that
its use may reduce undesirable side effects, health problems, and environmental pollution associated with the use
of synthetic chemicals in pest management programs. Further research is needed to identify the bioactive compound(s)
in the extract, and determine the range of pests affected.
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METHOD VALIDATION FOR THE ANALYSIS OF 28 PESTICIDE
RESIDUES IN WATER BY GAS CHROMATOGRAPHY
Chris Anagnostopoulos* and George E. Miliadis
Pesticide Residues Laboratory, Benaki Phytopathological Institute, 145 61 Kifissia, Greece

ABSTRACT
A multi-residue method for determination of pesticide
residues of 28 multi-class representative pesticides in water
based on solid phase extraction (SPE) was validated. Analysis was performed by gas chromatography with ECD and
NPD detectors. The procedure was applied to the screening, quantification and unequivocal confirmation of 28 pesticides. The validation concentration levels studied were 0.1
and 1 µg/L. The obtained recoveries were in the range of
70-120% with RSD<20% for all pesticides at both levels.
The method resulted in good accuracy, precision and sensitivity data.

KEYWORDS:
water, pesticides, ECD, NPD, validation

INTRODUCTION
The intensive use of pesticides of diverse chemical nature results in improvement and increase of the agricultural
production. However, the indiscriminate use of these compounds, that is frequently noticed, leads to concern for the
environment and, consequently, for human health. The
European Union (EU) has proposed a priority list of pesticides that can be found in ground water, taking into
consideration their solubility in water, their adsorptive determined by Koc and their soil and hydrolysis half-life [1].
On the basis of broad criteria related to the three general
parameters (toxicity, persistence, input) EU directive for the
quality of water sets a maximum permissible concentration
of 0.1 µg/L for each individual substance and 0.5 µg/L for
the sum of pesticides in tap water and 1-5 µg/L in surface
water [1,2]. In previous studies water samples taken from
13 lakes and 8 rivers throughout Greece were analyzed for
pesticide residues and no residues were detected, except
for lindane in the Iliki lake [3-5].
However, seasonal variations of pesticide residues in
surface waters and ground waters of Imathia area of Central Macedonia district in Northern Greece were determined in another study, from May 1996 to April 1997 [6].
In this study, seven herbicides (atrazine, DEA, alachlor,

metolachlor, molinate, propanil and simazine) and three insecticides, (carbofuran, diazinon and parathion methyl) were
detected at least once in wells of Imathia and seven pesticides (atrazine, DEA, simazine, carbofuran, diazinon, parathion ethyl and parathion methyl) in rainfall waters. In another study conducted in Thessaloniki, Northern Greece,
15 pesticides (lindane, trifluralin, alachlor, metolachlor,
simazine, atrazine, diazinon, methyl parathion, parathion,
chlorpyrifos, chlorothalonil, metribuzin, endosulfan,I, endosulfan II, endosulfan sulfate) were the main target analytes at several stages of the drinking water treatment plant
that is supplied with surface water from Aliakmon river.
Very low frequencies of detection were observed for all
target pesticides in source river water and quantifiable concentrations were well below the E.U. limits for drinking
water [7].
The number of accredited laboratories in some EUbordering countries is still low, and the legislation and
organization of agricultural plant production have not
reached yet the required level. Besides of the number of
certified laboratories, their equipment, and generally the
qualification of employees is also of importance in order to
supply the relevant range of analytical verification methods, which still needs to be improved [8].
The methods used for the analysis of environmental
water samples need to be simple, fast, of low cost, sensitive, bias, suitable for routine analysis in a variety of laboratories and harmonized with the EU legislation requirements concerning the validation criteria, as to ensure the
quality and comparability of analytical results [9].
In the previous studies solid-phase extraction (SPE)
disks followed by gas chromatographic techniques with
flame thermionic detection (FTD), electron capture detection (ECD) and mass selective detection (MS) were used
for the monitoring of various pesticides and their transformation products in environmental waters.
A large number of techniques are used for the determination of different pesticides in water samples; gas chromatography with electron-capture detection (ECD) [10- 12],
nitrogen–phosphorus detection (NPD) [10], flame photometric detection (FPD) [6] and mass spectrometric detection (MS) [6, 13, 14] and high-performance liquid chromatography (HPLC) with diode-array detection (DAD) [15],
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fluorescence detection and mass spectrometric detection
(MS) [16-18] are the most frequent. Various sample preparation techniques, such as liquid-liquid extraction [19, 20],
solid-phase microextraction (SPME) [14] and solid-phase
extraction (SPE) [3-4, 6, 8, 10, 13, 21], are also applied
for the extraction of the pesticides for the water samples.
In the present study sample preparation of water samples is performed by solid phase extraction (SPE) which
has become popular as it is a simple and rapid technique
[10, 21]. Octadecyl (C-18) bonded silica is applicable on
non-polar and weakly polar analytes, as most pesticides are
[1]. Gas chromatography combined with selective detectors
as the nitrogen-phosphorus (NPD) or the electron capture
(ECD) is suited for the determination and quantification
of ng/L levels of pesticides in water [3, 4, 10, 21].
The purpose of the study is to validate a multiresidue
analytical method suitable for the simultaneous extraction
and determination of 28 pesticides in water samples according to the EU legislation requirements. The extraction
is performed by a solid phase extraction method previously described while the chromatographic separation and
quantification were conducted by the use of two chromatographic systems with different columns and detectors
(ECD, NPD) running simultaneously.
MATERIALS AND METHODS
Chemicals and solvents

In this work 28 analytes were selected with distinct
physicochemical characteristics. They include polar and nonpolar compounds, as well as compounds of various molecular masses. The selected analytes belong to different
chemical classes 1 Anilide, 1 Chloronitrile, 1 Chlorophenyl,
2 Dicarboximide, 13 Organophosphorous, 4 Organochlorine, 1 Phosphorothiolate, 1 Pyrimidine, 1 Thiocarbamate,
1 Triazine and 2 Triazole. Organochlorine pesticides are a
chemical group that is frequently searched in environmental
samples due to their persistence in environment [12, 19].
The following reference standards of pesticides, obtained from Dr Ehrenstorfer Laboratories GmbH Germany,
were used: azinphos ethyl, azinphos methyl, cadusafos,
chlorothalonil, chlorpyriphos methyl, cycloate, dicloran,
dicofol, op, dicofol, pp, dieldrin, endrin, ethoprop,
fenarimol, fenitrothion, iprodione, malaoxon, methidathion,
myclobutanil, parathion ethyl, phorate sulfone, phorate
sulfoxide, phosalone, pirimiphos methyl, procymidone,
prometryn, propanil, pyrazophos, triadimefon. Acetone,
2,2,4-trimethyl pentane, and toluene were used for the
preparation of stock and working standard solutions.
Water, ethyl acetate and methanol were used in the extraction procedure. All solvents were of pesticide residue
analysis grade and were obtained from Lab Scan (Ireland).
Stock and Working solutions

Stock standard solutions with concentration 1000 mgL-1
were prepared in acetone for each of the 28 pesticides and
stored at -20 oC. Standard mixture solutions containing
compounds that were selected according to retention times
(Table 1) were prepared in acetone at proper concentrations, and stored at -20 oC. Working standard mixture solutions for measurement at 0.07 and 0.1 µg/mL were prepared in 2.4-trimethylpentane/toluene (90/10). Quantification was performed by use of the bracketing technique.
According to this technique the peak area of the sample
solution is bracketed between two concentrations not differing more than 20% from each other.
Gas-chromatographic system.

The pesticides were separated and determined in an
Agilent, model 6890 Gas Chromatographic system, fitted
with two splitless injectors and two detectors, one ECD and
one NPD. An analytical column DB-5 MS (30 m, 0.32mm
i.d. and 0.25 µm film thickness) was connected to the
ECD and a DB-17 MS (30 m, 0.3mm i.d. and 0.25 µm
film thickness) to the NPD. The system was equipped with
a Chemstation chromatography manager data acquisition
and processing software. The oven temperature program
started from 60 οC for 1.5 min, increased to 220 οC at a
rate of 14 οC /min, held for 4 min and then increased to
280 οC (at 20 οC/min) and held for 20 min. The helium
carrier gas flow rate was 1.5 mL/min for both columns.
Injector temperature was set at 230 οC and splitless injection was performed with the split valve opening after 1 min.
Hydrogen (3 mL/min) air (60 mL/min) and nitrogen make
up gas (8.2 mL/min) were used for the NPD, while nitrogen (60 mL/min) was used as make up gas for the ECD.
Temperature was set at 310 οC for both detectors.
Sample preparation

Extraction and cleanup. Sample was extracted according to a previously developed method [10], including
solid phase extraction with prepacked reversed-phase
octadecyl (C-18) bonded silica contained in cartridges, the
application of which to the 28 analytes was assessed.
Isolute cartridges (International Sorbent Technology),
containing 500 mg of packing material were solvated prior
to loading the sample, by passing successively 1
mL/100mg sorbent (5 mL) ethyl acetate, 5 mL methanol
and 10 mL of organic free water, with a glass syringe. 500
mL of water sample were passed through the cartridge
removing any floating or insoluble material. For extraction
of samples a SPE large volume sampler was connected to a
vacuum source equipped with a gauge and bleed valve to
adjust the vacuum, in order to obtain a sampling rate of 15
mL water/min. Teflon tubes were inserted into the sample
containers and the other ends were connected by adapters
to the cartridges. In this way, up to twelve water samples
could pass through cartridges simultaneously. After passing the sample, suction continued for 30 min to dry out the
packing material. The cartridges were disconnected and the
adsorbed pesticides were eluted with ethyl acetate into 1-
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mL volumetric flasks. The extract was then stored in Teflon-sealed vials until chromatographic analysis.
Preparation of fortified samples. As control sample
HPLC grade water was used. 500mL of HPLC grade
water were fortified at two levels: 0.1 and 1 µg/L; 6 replicates were used at each level.

The precision of the method was evaluated by assessing the relative standard deviation (SDR) values of the
replicates [9]. SDR values at the 0.1µg/L level were found
from 2.1 to 15.7% and from 2.4 to 14.1% at the 1µg/L
level. These results indicate good precision of the method.
TABLE 2 - Retention times (RT) and signal to noise ratios (S/N) at
0.1 µg/L of the 28 pesticides for the two columns and detectors used.

RESULTS AND DISCUSSION
The method was evaluated by assessing the basic performance parameters; accuracy, precision and sensitivity.
The accuracy was evaluated by calculating the attained mean
recovery; recoveries between 70–110% are considered
satisfactory [9]. Mean recoveries were 70.4 - 105% for the
samples fortified at 0.1 µg/L and 64.3 – 104% for the samples fortified at 1 µg/L. The results are shown in Table 1
and indicate good method accuracy.
TABLE 1 - Average recovery and relative standard deviation
for the 28 pesticides, at concentrations 0.1 and 1 µg/L (N=6).
C=0.1 µg/L
Analyte
Recovery
SDR
(%)
(%)
Azinphos ethyl
87.2
4.6
Azinphos methyl
82.5
5.5
Cadusafos
84.9
11.9
Chlorothalonil
105
2.1
Chlorpyriphos methyl 89.4
5.3
Cycloate
88.5
6.9
Dicloran
88.3
3.6
Dicofol. op
71.6
7.1
Dicofol. pp
87.1
3.7
Dieldrin
71.0
5.2
Endrin
84.5
5.7
Ethoprop
93.6
4.5
Fenarimol
81.7
5.6
Fenitrothion
89.4
6.9
Iprodione
77.8
9.8
Malaoxon
79.8
6.5
Methidathion
92.0
3.5
Myclobutanil
81.7
3.7
Parathion ethyl
86.2
3.6
Phorate sulfone
84.1
7.5
Phorate sulfoxide
81.9
15.7
Phosalone
77.9
5.6
Pirimiphos methyl
75.3
7.4
Procymidone
86.4
4.2
Prometryn
96.0
8.6
Propanil
87.6
4.6
Pyrazophos
70.4
6.6
Triadimefon
86.5
4.8

C=1 µg/L
Recovery
SDR
(%)
(%)
82.6
3.2
79.4
11.4
64.3
14.1
91.3
7.1
97.9
7.3
98.2
5.0
82.7
2.7
70.5
4.9
102
5.5
76.3
4.9
78.3
3.3
77.8
10.7
89.4
3.4
99.4
5.4
77.0
7.9
76.7
8.3
97.3
2.4
82.4
6.0
90.8
4.7
94.5
4.0
104
3.6
77.4
7.7
80.3
3.6
88.6
3.9
95.8
4.8
99.5
4.1
76.8
8.5
87.2
2.8

Pesticides
Azinphos ethyl
Azinphos methyl
Cadusafos
Chlorothalonil
Chlorpyriphos methyl
Cycloate
Dicloran
Dicofol. op
Dicofol. pp
Dieldrin
Endrin
Ethoprop
Fenarimol
Fenitrothion
Iprodione
Malaoxon
Methidathion
Myclobutanil
Parathion ethyl
Phorate sulfone
Phorate sulfoxide
Phosalone
Pirimiphos methyl
Procymidone
Prometryn
Propanil
Pyrazophos
Triadimefon

RT
(min)
DB-05MS
31.4
28.4

RT
(min)
DB-17MS

8.6
9.4
13.9
8
8.2
11.2
12.4
16.9
18.1
8.3
30.5
16.2
19.4/25.4
10.5
15
17.5
12.4
18.3
17.8
28.6
11.6
14.7
14.3
10.1
35.6
12.5

S/N
at 0.1
µg/L
1090
131
37
10200
30
23
6270
577
390
3020
10500
63
130
16
120
310
80
364
1060
33
12
1970
51
760
15
330
10
176

Detector
ECD
ECD
NPD
ECD
NPD
NPD
ECD
ECD
ECD
ECD
ECD
NPD
ECD
NPD
ECD
ECD
ECD
ECD
ECD
NPD
NPD
ECD
ECD
ECD
NPD
ECD
NPD
ECD

CONCLUSION
In this study 28 representative pesticides from different chemical classes were studied. The extraction procedure is based on an already known technique, solid phase
extraction and the determination was performed with GC –
ECD and NPD. The validation results had good accuracy,
with recoveries of 64.3 – 105.4%, precision, with RSD of
2.1 – 15.7% and sensitivity meeting the EU legislation requirements for the maximum acceptable concentration.

The limits of quantification (LOQ) of the method
were based on the criterion that the signal-to-noise ratio
should be at least 10 [9]. The attained signal-to-noise ratios
at 0.1 µg/L are shown in Table 2. As LOQ in the present
study it was decided to be used the lowest validated concentration with acceptable accuracy and precision, which
was proved to be the 0.1 µg/L level, equal to the maximum acceptable concentration.

The method is simple, fast and suitable for routine
analysis of pesticides belonging to different classes. The
usage of only one gas chromatograph with an ECD and a
NPD detector for the confirmation and quantification instead of more expensive and sophisticated equipment, as
GC-MS or LC-MS-MS, reduces the capital laboratory cost,
as well as the cost of the analysis and makes the method
suitable to be use by a variety of laboratories. The method
is therefore more useful for pesticide residues laboratories
that are in the process of accreditation mainly in countries
as the EU-bordering ones.
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Concerning the good validation data resulting from our
study, the suitability of the extraction method combined
with other determination techniques such as LC-MS-MS
and GC-MS-MS will be further investigated.
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