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ETHOXYLATED MULTI-WALLED CARBON
NANOTUBES AS A CARRIER FOR IMATINIB MESYLATE
Maryam Pakzad, Shahram Moradi * and Abolghasem Moghimi
Faculty of Chemistry, Tehran North Branch, Islamic Azad University, Tehran, Iran

ABSTRACT
A carrier based on ethoxylated functionalized multiwalled carbon nanotubes were prepared with pentaethylene
glycol (5EG) followed by esterification process. Resultant
pentaetylene glycolated MWCNTs (MWCNTs-5EG) used
as a carrier for adsorption of Imatinib mesylate (Ima) as a
molecular model. Both loading and recycling processes
were performed in phosphate buffer saline (PBS). Maximum Ima adsorption per 3 mg of carrier and 9 mg of initial
Ima was achieved 8.88 mg (99%) for carrier. Maximum releasing at two pH 7.4 and 5.3 is determined respectively
6.36 and 7.56 mg. Ima loading and releasing processes
were greatly enhanced by the creation of functional groups
on the nanotubes compared with carboxylated MWCNTs
(MWCNTs-COOH) and row-MWCNTs.

In this study, we investigated the influence of functionalized MWCNTs on loading and releasing of Ima as a molecular model in compare with carboxylate MWCNTs and
row MWCNTs. Initially, MWCNTs undergo oxidation
process to obtain MWCNTs-COOH. In the next step, the
carboxylated groups of MWCNTs react with oxalyl chloride and resultant products react with 5EG until MWCNTs5EG is formed. Then, row-MWCNTs, MWCNTs-COOH
and MWCNTs-5EG are dispersed in PBS solutions and
then exposure to Ima, separately. After a time, each product separated from the PBS solutions. After removal the
carriers from the PBS solutions, we measured the Ima adsorption rate and controlled releasing of Ima in a new PBS
solution. This carrier can adsorb organic components such
as Ima from physiological solutions as a source or pollutant
and releasing in new PBS solution for delivery or recycling.

KEYWORDS: Functionalization, Multi-Walled Carbon Nanotubes
(MWCNTs), Ethoxylated, Imatinib, Nano carrier.

1. INTRODUCTION

2.1 Materials

In recent years, nanostructures have attracted great attention in different applications such as drug adsorbent,
drug delivery systems and even deliver therapeutic products [1, 2]. Due to their large specific surface area along
with remarkable optical and electrical properties, carbon
nanotubes have been used to fabricate sensors, as well as
carriers for drug delivery. Drugs, biomolecules and nanoparticles treatments with MWCNTs have been lead to develop MWCNTs based systems [3]. Functionalization of
MWCNTs is carried out by two different methods include
of physical and chemical. Physical functionalization of
MWCNTs involves non-covalent intermolecular interactions but covalent functionalization is reported for chemical one’s [4-6]. Yang and et al [7] functionalized SWCNTs
with –CONH- C6H12- NH3+ and then used it as a DNA carrier. Poly ethylene glycol acts as a modifier in poly ethylene glycolated multi-walled carbon nanotubes
(PEGylated MWCNTs) as a class of drug delivery system
can support drug releasing and adsorbing [8-12]. Linlin and
et al [13] have been used PEGylated MWCNTs as a carrier
for adsorption of oxaliplatin.
* Corresponding author

2. MATERIALS AND METHODS

MWCNT diameter of 20-30 nm and length of ~30µm
was obtained from CNT Co. Ltd., Incheon, Korea and other
reagents were purchased from Merck chemical company.
2.2. Instrumentation

Fourier Transform Infrared Spectra (FT-IR) were recorded using KBr tablets on a Nicolet Nexu 870. Raman
spectra were recorded on a Thermo Nicolet model FT-Raman 960. TGA/DSC was recorded on a rheumatic scientific of STA 1500. FE-SEM images were taken using Hitachi model S-4160. Microwave (MW) irradiation was performed using a Milestone Ethos 1. UV-Visible (UV-Vis)
absorption spectra were recorded on a Varian Cary 300.
2.3 Carboxylation of MWCNTs

0.1 g MWCNTs were sonicated in 60 ml of a mixture
of H2SO4/HNO3 (3:1 V/V) for 24 h at room temperature.
The dark black residue was filtered followed by sonication
in H2SO4/H2O2 (4:1 V/V) using a bath sonicator for 30 min.
Then, the mixture was centrifuged to separate the functionalized MWCNTs and was washed with deionized water until the pH was neutral. The resulting wet solid sample
MWCNTs-COOH was dried under vacuum at 60 °C.
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2.4 Acylation of MWCNTs

0.06 g of MWCNTs-COOH in 50 ml dimethyl formamide (DMF) was sonicated for 30 min in a bottom flask.
Then, 10 ml oxalyl chloride was added to the mixture while
stirring under nitrogen gas at -10 °C for 2h. The mixture was
stirred at room temperature for 12 h followed by heating at
70 °C for 12 h to remove the excess of oxalyl chloride.

tionalized MWCNTs were separated by filtration after 5,
24 and 48 h releasing time. The filtrates were analyzed by
UV-Vis spectrometry to determine the concentration of
Ima similar to the method reported by Yu-Jen Lu et al [14].
3. RESULTS AND DISCUSSION
3.1 Functionalization of MWCNTs and drug loading

2.5 Esterification of MWCNTs

0.06 g of acylated MWCNTs were added to 50 mL
DMF. Then, pentaethylene glycol (9ml) was added to the
mixture and sonicated for 45 min. The mixture was microwave (MW) irradiated under atmospheric pressure at
110 °C for 2 h using a 700 w microwave. The black solid
product was obtained by filtration (Pore size 0.22 µm).
2.6 Ima loading and releasing

Multistep synthesis of MWCNTs-5EG and Ima loading
by non-covalent bonding have been shown in Scheme 1.
3.2 SEM

The Field emission scanning electron microscopy (FESEM) images of functionalized MWCNTs are observed in
Fig. 1. SEM images indicated a new roughness and thickness in functionalized MWCNTs and increasing diameter
from 20-30 to 50 nm and about 70-80 nm for MWCNTs-5EG
and Ima loaded MWCNTs-5EG (MWCNTs-5EG-Ima), respectively. Increasing the thickness of functionalized
MWCNTs is evident after Ima loading.

Ima (2 mg and 9 mg) was stirred with 3 mg of row
MWCNTs, MWCNTs-COOH and MWCNTs-5EG in 5 ml
PBS solution for 24 h at room temperature, separately.
Products containing drug were collected by filtration with
0.22 µm pore size and washed several times by PBS solution. The amount of free Ima in the solution was determined by measuring the absorbance at 257 nm. The drug
loading efficiency (DLE %) was measured according to
equation (1). The Ima loading content (DLC) was calculated by the equation (2).

3.3 FT-IR analysis

For the purpose of drug release measurements, the suspensions of the Ima loaded on functionalized MWCNTs (3
mg) were prepared at pH 5.3 and 7.4 of PBS solution. The
suspensions were shaken at 120 rpm at 37 °C and the func-

Fig. 2. 2 (1b-2b) indicated the FT-IR spectra of Ima (Fig.
2(1b)), MWCNTs-5EG-Ima (Fig. 2(2b)) respectively. As it
is clear, the characteristic peaks due to Ima could be clearly
observed in the ethoxylated MWCNTs loaded with Ima.

Fig. 2. 1(1a-4a) showed the FTIR spectra of MWCNTs,
MWCNTs-COOH, MWCNTs-COCl, MWCNTs-5EG. The
special FT-IR peaks of functionalized MWCNTs for each
stretching vibration frequency assigned in Fig. 2. 1(1a-4a).

%

(1)

%

(2)

SCHEME 1 - Multistep synthesis of MWCNTs-5EG and Ima loading by non-covalent bonding.

2874

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

FIGURE 1 - FE-SEM images of (a) MWCNTs, (b) MWCNTs-COOH, (c) MWCNTs-5EG, (d) MWCNTs-5EG-Ima.

FIGURE 2 - FT-IR spectra of (1), (1a) MWCNTs, (2a) MWCNTs-COOH, (3a) MWCNTs-COCl, (4a) MWCNTs-5EG. FT-IR spectra of (2),
(1b) Ima, (2b) MWCNTs-5EG-Ima.
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FIGURE 3 - Raman spectra of (a) MWCNTs, (b) MWCNTs-COOH, (c) MWCNTs-COCl, (d) MWCNTs-5EG.

3.4 Raman analysis

The Raman spectra of MWCNTs, MWCNTs-COOH,
MWCNTs-COCl, MWCNTs-5EG are shown in Fig.3 and
the corresponding data has been presented in Table 1. The
resulting spectra involve the important signals D-peak and
G-peak. The ratio intensity of D-peak to G-peak (ID/IG) in
Table 1 shows the surface modification and reactivity of
functionalized MWCNTs.

range of 50-150 °C. Both decomposition of physical adsorption and esteric ethoxylated MWCNTs led to a weight
loss about 83% for MWCNTs-5EG in the temperature
range of 150-320°C.

TABLE 1 - Raman interpretation of functionalized MWCNTs.
Structures
MWCNTs
MWCNTs-COOH
MWCNTs-COCl
MWCNTs-5EG

D
1341. 2 cm-1
1357.6 cm-1
1376.9 cm-1
1351.2 cm-1

Raman Frequency
G
1569.7 cm-1
1595.7 cm-1
1590.4 cm-1
1598.3 cm-1

ID/IG
0.64
0.27
0.14
0.32

The D-peak was appeared in the 1341-1376 cm-1 region for all structure, The G-band observed in the 15691598 cm-1 region confirms the formation of the graphitelike modes [15].

FIGURE 4 - TGA and DSC plots of MWCNTs-5EG.

3.5 TGA

Fig. 4 shows the TGA and DSC plots of MWCNTs5EG and the thermal stabilities of MWCNTs-5EG. It reveales the physical adsorption on the surface of MWCNTs
and forming of esteric bonding was occurred. The vaporization of solvent molecules occurred in the temperature

3.6 Drug loading by non-covalent bonding and drug releasing

MWCNTs-5EG was employed for Ima loading in two
initial weights (2 and 9 mg) and the weights of Ima loaded
on 3mg of carriers were determined 1.82 mg (91%) and
8.88 mg (99%). The Ima releasing results have been given
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in Fig. 5. Drug releasing was evaluated at two pH values (7.4
and 5.3) in PBS solutions at 37 °C. The Ima loaded on ethoxylated MWCNTs could be displaced by water molecules
and released from the ethoxylated MWCNTs in PBS solu-

tion [14]. The weight of drug releasing in the PBS solution
was determined over the 48 h using UV-Vis spectroscopy.
For MWCNTs-COOH and row-MWCNTs, these processes
repeated at same method and results discussed in Table 2.

FIGURE 5 - Drug releasing profiles of MWCNTs-5EG-Ima (m0=2 mg: mWIL=1.82 mg (a) and m0=9 mg: mWIL=8.88mg (b)); MWCNTs-COOH-Ima
(m0=2 mg: mWIL =0.24mg (c) and m0=9 mg: mWIL =1.44 mg (d)) and MWCNTs-Ima (m0=2 mg: mWIL =0.1mg (e) and m0=9 mg: mWIL =0.81 mg (f)) at
pH 7.4 and 5.3, at 37 °C per 3mg of carriers. (m0: Weight of initially solved Ima in PBS (mg), mWIL: Weight of Ima loaded on 3mg of carrier).
TABLE 2 - Efficiency of carriers in adsorption, loading, releasing and value of DLE %, DLC % of Ima drug at 37 °C for 3 mg of MWCNTs5EG, MWCNTs-COOH and MWCNTs.
Adsorbents

m0a
(mg)

mWILb
(mg)

%DLE %DLC

Release, pH=7.4 mg (%)

5h
24 h
48 h
2
1.82
91
60
0.72 (40%) 1.08 (59%) 1.17 (64%)
9
8.88
99
296
2.88 (32%) 6.12 (69%) 6.36 (72%)
2
0.24
12
8
0.09 (37%) 0.12 (50%) 0.14 (58%)
MWCNTs-COOH-Ima
9
1.44
16
48
0.32 (22%) 0.80 (55%) 1.01 (70%)
2
0.1
5
3
0.01(10%) 0.03(30%) 0.05 (50%)
MWCNTs-Ima
9
0.81
9
27
0.09 (11%) 0.41 (51%) 0.54 (66%)
m0 a: Weight of initially solved Ima in PBS (mg), mWILb: Weight of Ima loaded on 3mg of carrier.
MWCNTs-5EG-Ima

2877

Release, pH=5.3, mg (%)
5h
0.99 (54%)
3.36 (38%)
0.11 (45%)
0.40 (27%)
0.03 (30%)
0.12 (15%)

24 h
1.30 (71%)
6.96 (78%)
0.14 (58%)
1.00 (69%)
0.05 (50%)
0.48 (59%)

48 h
1.48 (81%)
7.56 (85%)
0.17 (70%)
1.11 (77%)
0.07 (70%)
0.61 (75%)
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The drug releasing rate process is initially quick and,
then, becomes slow. The amount of Ima released at pH 5.3
is higher than at 7.4. After protonation of functional groups
in acidic solution, formation of hydrogen bonding strength
decreases and leads to introduce more hydrophilic and water soluble properties which results in releasing more Ima
in PBS solution [1, 14]. The maximum efficiency of DLE
% and DLC % obtained about 99% and 296%, respectively, for MWCNTs-5EG-Ima per 3 mg of MWCNTs5EG and 9 mg of initial Ima (Table 2). Such high capacity
Ima loading system confirmed that the prepared ethoxylated MWCNTs may lead to the preparation of good carriers for drug [7, 16].
4. CONCLUSIONS
In summary, we have prepared a carrier by functionalization of MWCNTs by PEG. This e In Summary, we have
prepared a carrier by functionalization of MWCNTs with
pentaethylene glycol. This esteric functionalizing with
some ethoxylated group creates active surfaces that can be
used as a carrier for Ima loading and releasing. Maximum
Ima loading capacity was obtained 8.88 mg (99%) per
9 mg of initial Ima and Ima releasing was found to be 7.56 mg
(85%) and 6.36 mg (72%) per 3 mg MWCNTs-5EG carrier
and 9 mg initial Ima at 5.3 and 7.4 pH values, respectively.
MWCNTs-5EG had a good efficiency in both Ima loading
and releasing processes. Based on obtained results, the adsorption and release rate of Ima in PBS solution is increased as the polarity of functionalized MWCNTs changed.
This is mostly due to increased intermolecular forces and finally leads to increase the solubility of the absorbent in the
solution and improve the Ima adsorption rate.
According to these results, Ima and other similar components can be easily adsorbed and eliminated by
MWCNTs- 5EG and then release them in water for the aim
of recycling by changing pH value.
The authors have declared no conflict of interest.
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CARBON DIOXIDE AND METHANE
EMISSIONS FROM THREE WETLAND SOILS
IN A SUBTROPICAL MONSOON CLIMATE ZONE
Yi-li Liu1, Zhu-lin Li1 and Yun-feng He1,*
1

College of Environmental & Resource Sciences, Zhejiang University, Hangzhou, Zhejiang, China

ABSTRACT

1. INTRODUCTION

The carbon cycle is vital in the cycle of mass and energy fluxes of an ecosystem. In this study, three typical
wetland ecosystems (city secondary wetland, artificial wetland (paddy soil), and lake-wetland) in a subtropical monsoon climate zone were selected as research objects. We
simulated the decomposition process of soil organic matter
under aerobic and anaerobic conditions. CO2 and CH4
emission fluxes, as well as other indicators such as soil organic carbon (SOC), dissolved organic carbon (DOC), total
nitrogen (TN), nitrate–nitrogen (NO3--N), and ammonium–
nitrogen (NH4+–N) were measured during laboratory culture. SUVA254 was established as an index to represent the
aromatic degree of DOC. Experimental results showed that
According to the wetland hydrology-type classification,
the cumulative CO2 emission from seasonal waterlogged
wetlands (2457-3505 ugCO2/g) was significantly higher
than that from perennial water soil (1124-1576 ugCO2/g)
and soil without water (1226-1414 ugCO2/g). The amount
of CH4 emitted from paddy soils under anaerobic condition
(25.1-28.1 ugCH4/g) was higher than that from the other
two types of wetlands (0.35-2.97 ugCH4/g). Moreover, the
oxide rate was correspondingly higher. Compared with
CO2 emission, CH4 flux was minimal. Most organic matter
was anaerobically oxidized under anaerobic condition. The
CO2 emission rate exhibited a significant positive correlation with SOC and TN contents. The effect of the content
and structure of DOC was also analyzed. CO2 emission rate
was reciprocally correlated with the humification degree of
DOC under aerobic conditions, but this correlation was
weak under anaerobic conditions. CH4 emission rate was
also proportional to the CO2 emission rate and SOC content.

KEYWORDS:
wetland, carbon dioxide, methane, emission

* Corresponding author

Research on global changes and terrestrial ecosystems
primarily focuses on the carbon cycle in wetland ecosystems [1]. Wetland soils are the source and sink of various
greenhouse gases and an important pool of organic carbon
with high carbon density and long-term storage; wetland
soils account for about 1/3 of the terrestrial carbon pool [2].
The function of wetland ecological systems as atmospheric
carbon source or sink is determined using the net CO2 uptake, ecosystem CO2, and net CH4 emission [3,4]. The
greenhouse warming potential of the unit quality of CH4 is
25 times higher than that of CO2 in the atmosphere [5]. In
wetlands, the main decomposition product of soil organic
carbon (SOC) is CO2 or CH4 and is determined by environmental differences [6]. In some wetlands, the net sink of
CO2 may also result in greenhouse effect by releasing large
amounts of CH4.
Previous studies showed that different kinds of wetland were provided with huge difference in CO2 and CH4
generation [7]. Jungkunst points out that the water-tabledependent feedback from soil organic matter decomposition to the climate system is less clear, the emission peaks
of CO2 and CH4 show at different water table positions [8].
The water-table would had a serious affection on soil condition, aerobic or anaerobic. Aerobic respiration through
degradation of organic matter is more efficient than the anaerobic process (such as fermentation and CH4) [9]. Nevertheless, methanogens can survive in a regional anaerobic
environment formed by the combination of soil particles
and microorganisms under aerobic condition [10]. Therefore, although the majority of CH4 produced in wetlands
are utilized and oxidized by CH4-oxidizing bacteria [11],
soils can still release CH4 under aerobic condition and
some of the CH4 generated has not been emitted into the
atmosphere [12]. However, there exists little experiment on
the CH4 release in aerobic condition. So, in this study, we
provided both aerobic and anaerobic culture conditions to
obverse the wetland soils CO2 and CH4 emission dynamic.
Research on the mechanism of the carbon cycle mainly
focuses on wetlands in high latitude temperate zones [13],
but studies in subtropical wetlands has been rare. Thus, in
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the present study, we selected three typical wetland ecosystems (city secondary wetland, artificial wetland (paddy
field), and lake wetland) in a subtropical monsoon climate
zone as research objects. We aimed to determine the characteristics and variation of CO2 and CH4 emissions when
soil organic matter was decomposed in different types of
subtropical wetlands in China.
2. MATERIALS AND METHODS
The tested soil was sampled from three different wetlands in Zhejiang province, Southeast China (Fig. 1). The
annual average temperature in the study area is 18 °C, and
the average precipitation is 1,454 mm. Sampling points
were located in Xixi National Wetland Park (city secondary
wetland, the original marsh has been reclaimed into farmland and the dominant vegetation are mulberry, willow,
persimmon trees and bamboo, 30° 16ʹ 13ʹʹ N, 120° 4ʹ 3ʹʹ E),
Xiazhu Lake National Wetland Park (lake wetland, the lake
is dotted with islands and reeds overgrowth in shallow water, 30° 16ʹ 1ʹʹ N, 120° 3ʹ 58ʹʹ E), and Yuhang (paddy field,
alternation of culture for rice and rape, 30° 21ʹ 42ʹʹ N, 119°
53ʹ 32ʹʹ E).
We collected seven surface soil (0–20 cm, root exclusion) samples in the three types of wetlands. After drying,
the samples were leached with a 20-mesh sieve. The obtained soil properties and sampling points are shown in Table 1.
About 50 g (air drying) of soil and 50 mL of distilled
water were transferred into a 500-mL cultured bottle. A soil
slurry was prepared by shaking the bottle. High-purity nitrogen was pumped into the cultured bottle for 10 min to
ensure that the slurry was fully anaerobic. We covered the
bottle with a silicone rubber plug. In the center of the plug,
a small hole was drilled to obtain a gas sampling port. The
bottle was sealed with a rubber stopper and a sealing film.
The treatment bottle was incubated at 25 °C inside a constant temperature cabinet. CO2 and CH4 concentrations
were frequently measured during incubation for 70 d. After

each measurement, the bottle was purged with high-purity
nitrogen, rinsed for 10 min, and tightly sealed. In the aerobic group, about 50 g (air drying) of soil and 25 mL of distilled water was transferred into a 500-mL cultured bottle.
High-purity air was pumped into the cultured bottle for
10 min to remove the background CO2 interference inside
the bottle. The cultured bottle was then sealed using the
method similar to that used in the anaerobic treatment
group. Three retrial samples were prepared in each sampling point.
CO2 and CH4 concentrations were measured through gas
chromatography (Fuli GC9790) equipped with a flame ionization detector (FID) and a CH4 conversion oven (OMA).

FIGURE 1 - Diagram of the sampling points.

TABLE 1 - Data of sample sites and experimental soils.
Sampling points
Xiazhu
Lake
sample site 1 (X1)
Xiazhu
Lake
sample site 1 (X2)
Paddy soil sample
site 1 (P1)
Paddy soil sample
site 1 (P2)
Xixi sample site 1
(W1)
Xixi sample site 2
(W2)
Xixi sample site 3
(W3)

Wetland type

soil materials

Hydrology

TN
(g/kg)

TC
(g/kg)

SOC
(g/kg)

C/N

pH

lake wetland

Plinthudults

seasonal waterlogged

3.96

38.55

31.63

9.74

5.62

lake wetland

Typic Endoaquepts

perennial waterlogged

1.79

16.15

13.55

8.99

5.32

paddy field

Typic Endoaquepts

seasonal waterlogged

2.67

22.25

22.94

8.34

5.51

paddy field

Typic Endoaquepts

seasonal waterlogged

2.78

22.7

16.45

8.18

4.57

city secondary wetland

Plinthudults

seasonal waterlogged

2.28

21.92

18.37

9.61

5.4

city secondary wetland

Typic Endoaquepts

perennial waterlogged

1.6

16.39

10.53

10.26

6.29

city secondary wetland

Plinthudults

not waterlogged

1.43

13.98

13.2

9.77

6.81
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CO2 and CH4 were separated with a 2-mm stainless steel
column with an inner diameter of 3 mm (Porapak Q; 60/80
mesh). FID works at 180 °C with highly pure nitrogen as
carrier gas (at 30 mL/min), and the oven temperature was
300 °C.
Soil pH was monitored using a pH meter (Scientific
Instruments model IQ150) with a pH electrode, which can
be inserted into the soil directly (PH17-SS; San Diego, CA,
USA). Soil samples were collected to measure SOC, total
nitrogen (TN), carbon to nitrogen ratio (C/N), dissolved organic carbon (DOC), and SUVA254 of DOC, which indicates that the size of aromatic and recalcitrant DOC pool
[14]. Potassium dichromate oxidation spectrophotometric
method provided by the People’s Republic of China national environmental protection standard HJ615-2011 was
used to determine SOC. TN and C/N were determined with
an elemental analyzer (Elementar, vario MAX CNS). We
used distilled water as extraction liquid to extract DOC
with a soil/water ratio of 1:5 in a 50-mL centrifuge tube
[15]. The centrifuge tube was shaken on a shaking table
with a rotating speed of 180 r/min for 30 min and then centrifuged at a speed of 3,000 g/s for 15 min. Finally, the supernatant fraction was filtered through a 0.45-μm membrane. The concentration of DOC was tested with a total
organic carbon (TOC) analyzer (Jena, Multi N/C 2100S).
SUVA254 of DOC was monitored using a UV-visible spectrophotometer (Purkinje General, TU-1810). Nitrate–nitrogen (NO3-–N) in soil was determined through doublewavelength ultraviolet spectrophotometry. Subsequently, 2
mol/L KCl was used as extraction liquid to extract NO3-–N
with a soil/liquid ratio of 1:5. The centrifuge tube was
shaken on a shaking table with a rotating speed of 180
r/min for 1 h and then centrifuged at a speed of 3,000 g/s
for 15 min. About 5 mL of the supernatant was transferred
into a 25-mL colorimetric tube, which was then covered

3.1 CO2 and CH4 cumulative emission

The cumulative CO2 and CH4 emissions at different
soil sampling points under aerobic and anaerobic conditions throughout the incubation period are shown in Fig. 2.
The mineralization rate of SOC is lower under anaerobic condition than that under aerobic condition. Nevertheless, in our study, the cumulative CO2 emission at each
sampling point minimally differed between aerobic and anaerobic groups. This finding could be attributed to the
lower soil–water ratio in anaerobic group than that in aerobic group. SOC or aggregates can be easily dispersed and
leached under waterlogged conditions; consequently, dissoluble organic carbon increases, resulting in high biological availability and easy conversion into CO2 [16,17]. In
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ugCH4/g

aerobic
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accumulated CH4 emission

accumulated CO2 emission

3. RESULTS AND DISCUSSION
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g
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with a plug. About 0.1 mL of 0.8% sulfamic acid solution
and 1 mL of hydrochloric acid were added. And then, the
solution was subsequently added to the reticle prior to centrifugation. Finally, UV detection wavelengths were 220
and 275 nm. Absorbance of NO3-–N was calculated as ∆A
= A210–2 × A275. NH4+-N concentration in soil was determined through spectrophotometry using Nash reagent. Extraction method was similar to that used in NO3-–N.
Briefly, 1 mL of the supernatant and 25 mL of water were
transferred into a 25-mL colorimetric tube, which was then
covered with a plug. Subsequently, 0.5 mL of potassium sodium tartrate and 0.75 mL of Nash reagent were added. After
blending and storing for 10 min, absorbance of NH4+-N was
measured at 420 nm.
Data were compared statistically by correlation coefficients and partial correlation coefficient with the software
SPSS Statistics 18.0.
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FIGURE 2 - Accumulated CO2 and CH4 emissions at all soil sampling points under aerobic and anaerobic conditions.
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the present study, the accumulated CO2 emission was positively related to the organic carbon content in the soil with
correlation coefficients of 0.824 and 0.873 under aerobic
and anaerobic conditions, respectively. At each sampling
point, the total amount of released CO2 was significantly
positively correlated with aerobic and anaerobic conditions;
hence, CO2 was released by a similar substrate source under
both conditions. Organic nitrogen is an indicator of the
amount of the labile carbon pool; organic nitrogen accounts
for more than 95% of TN in wetland sediments. Thus, the
accumulated CO2 emission was also positively related to
aerobic and anaerobic conditions with correlation coefficients of 0.900 and 0.904, respectively. The majority of soil
organic matter are protected by physical, chemical, or biological and chemical protection and are relatively stable
and difficult to decompose; hence, the accumulated CO2
emission accounts for 8%–15% of SOC [18]. According to
the wetland hydrology-type classification, the cumulative
amount of the released CO2 emission from a seasonal waterlogged wetland is significantly higher than that from a
perennial water soil and soil without water. This finding
could be explained by the frequent alternation of dry and
wet cycle in seasonal waterlogged wetland areas, resulting
in high primary productivity in the region and generation
of many organic residues for decomposition. Conversely,
in perennial waterlogged wetlands, the regional productivity is lower and can accumulate organic matter, resulting in
difficult decomposition.
CH4 emission is the final result of the production,
transmission, and oxidation of carbon in wetlands. CH4
emission was lower in aerobic culture than that under anaerobic condition at each sampling point. Therefore, CH4
gas may be anaerobically oxidized to generate CO2. At the
corresponding sampling point, the CH4 oxidation rate increased with increasing quantity of CH4 produced under
anaerobic conditions. The different wetland types at each
sampling point were arranged based on the CH4 oxidation
rate and presented in the following order: paddy field >>
seasonal and perennial waterlogged wetland (excluding
paddy field) > non-waterlogged wetland; hence, this oxidation rate was positively associated with CH4 release in
the original wetland environment. High CH4 flux in the
ecosystem produces more CH4-oxidizing bacteria in soils,
and thus exhibits stronger CH4 oxidative ability under culture conditions. CH4 emitted from paddy soils under anaerobic condition was higher than that from the other two wetland types. CO2 was the main greenhouse gas released at
each sampling point. In CH4 formation involving CO2, CH4
emission was proportional to the amount of released CO2
under anaerobic condition with a correlation coefficient of
0.859.
In aerobic, CO2 was the major released carbon-containing gas in each sampling group. CH4 emissions account
for minimal, approximately 0.02%-0.09% of CO2. In anaerobic, CO2 was also the major released carbon-containing gas and CH4 account for 0.2%-3.1% in each sampling
group. The organic matter could be anaerobic decomposed

into two kinds of carbon-containing gas, CO2 and CH4,
with the percentage of 50% and 50% (alcohols and acids);
68% and 32% (fatty acids and glycerol); 71% and 29%
(protein) [19]. Hence, it could be conjectured that a remarkable part of CH4 was consumed by the pressure of anaerobic oxidation and generated CO2. Similarly with our
observation, Wang also found that CO2 release was 26004600 times of CH4 and CO2 was the staple product of anaerobic SOC decomposition, in the research of carbon-containing gases emission in wetlands with different assortment [20].
Cumulative CO2 emission between the aerobic and anaerobic groups had little difference. Meanwhile, the CH4
took extremely rare part of released carbon-containing gas.
These factors may suggest that much CH4 was oxidized in
anaerobic culture and it would be discussed later.
3.2 Changes varies with culture time

CO2 and CH4 release rates in each sampling point with
culture time are shown in Fig. 3.
As shown in Fig. 3, CO2 release can be divided into
three stages at each sampling point under aerobic and anaerobic conditions. The rate of release at the first 14 d was
high but rapidly decreased. The curve became stable from
days 14 to 45. Finally, the emission rate gradually attenuated over the past 25 d of the culture period. After the start
of culture soil rewetting, soil organic matter mineralization
and microbial respiration abruptly increased because the
soil samples were retreated by air drying, grinding, and
sifting; within this short period, CO2 release was stimulated. When microbial activity was activated, the release
rate was accelerated in the first stage. Fierer and Schimel
conducted an experiment by using 14C labeled method to
investigate the source of the exploded CO2 emission [21].
They found that this phenomenon could not be attributed
to the lysis of microbial cells but to the mineralization of
microbial biomass carbon, in which cells consumed numerous intracellular compounds. After the start of the culture period, the soil samples were subjected to air drying
and rewetting; hence, the easily decomposable organic
matter protected by clay was released. In most circumstances, clay can protect the organic matter against microbial attack. Within 8 d after the start of culture under aerobic condition, the cumulative CO2 release in the soil
reached more than 40% of the full experimental period releasing capacity in each soil sampling. However, this release consumed more than 14 d in anaerobic group. Thus,
soil excitation effect under aerobic culture condition was
higher than that under anaerobic condition.
Soil CH4 release was low under aerobic culture condition and mainly concentrated within15 d after the start of
the culture period. At each sampling point, the highest difference in the soil CH4 release rate was about 10 times. Anaerobic soil CH4 emission differed at each sampling point,
and the rate significantly decreased in the late culture period. The CH4 release rate was highest in the paddy soil
sample compared with that in the lake wetland and city secondary wetland samples. The soil at the W3 sampling point
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FIGURE 3 - CO2 and CH4 release rates with culture time at each sampling point.
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exhibited very low anaerobic CH4 release rate and only accounted for 1% of the paddy soil samples. Previous study
showed a distinct spatial variability of CH4 production in
paddy soils, and this diversity can be as high as 500% in
the two paddy fields even in the same region [22].
At each sampling point, the effect of culture time on
changing TN contents was not evident (Fig. 4). TN also
differed between aerobic and anaerobic culture and varied
in separate sampling points. The highest TN content at the
X1 sampling point was about 2.8 times higher than that at
the W3 sampling point. The TN content was significantly
high at seasonal waterlogged sampling points.
Organic nitrogen accounts for most TN in wetland sediments. We analyzed the soil NH4+-N and NO3--N contents
in anaerobic group. The figure showed that NH4+–N occupied approximately 0.6% to 2.6% of the TN pool of soil at
each sampling point, and NO3-–N was about 1% to 10% of
NH4+–N (Fig. 5).
The content of NH4+–N in soil significantly increased
in the first 0–15 d after culture. This NH4+–N component
was obtained from the mineralization of soil organic compounds containing nitrogen. The NH4+–N content stabilized in the middle of the culture period. At some sampling
points, NH4+-N in soil decreased and was lost in the later
stage. This phenomenon may be caused by the air-stripping
effect of the nitrogen gas, which was utilized to maintain
the culture bottle under anaerobic and alkaline condition.

nitrogen mg/g

nitrogen mg/g

0.12

The content of NO3−–N in soil was negligible throughout the whole culture period. NO3−–N was rapidly reduced
by several labile organic carbon existing in the soil under
anaerobic condition, and the concentration of NO3− in soil
pore water was low or negligible [23]. Hence, the inhibition effect of NO3−–N on CH4 production was weak. On the
basis of Figs. 3 and 5, we can conclude that the characteristics of the released gas cannot be ascribed to CH4 oxidized by NO3−–N. This phenomenon served as a basis to
hypothesize that the humus in the soil was exposed to air
and oxidized into oxidative humus, resulting in the oxidation of organic compounds into CO2 as the electron acceptor in anaerobic respiration during pretreatment (the soil
was air dried and grounded) [24,25]. In some waterlogged
soils or freshwater sediment environments, humus respiration can result in more than 80% of organic carbon mineralization; the contribution rate is higher than the sum of nitrate respiration, sulfate respiration, and methanogens and
other anaerobic metabolism [26].
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After the start of the culture period, the amount of the
yielded NH4+-N was higher than the amount lost because
of the air-stripping effect but the latter was concealed.
However, in the later stage, the decomposition rate of Ncontaining organic matter slowed down and the amount of
NH4+-N lost because of air-stripping effect significantly increased and became higher than that of the throughput.
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FIGURE 5 - Soil NH4+–N and NO3−–N concentration with culture time at each sampling point under anaerobic condition.
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3.3 Factors affecting CO2 and CH4 emission rates

stable stage with SOC, DOC, and TN contents throughout
the entire culture period are shown in Table 2.
The emission rate was commensurate with SOC and
TN. High SOC and TN contents suggested the presence of
high labile organic carbon content in the soil; this carbon
can function as primary electron donor. Thus, the content
of soil organic matter was the main factor for CO2 emission.
In aerobic and anaerobic cultures, the CH4 and CO2 release rates were positively correlated. The CH4 emission
rate was more affected by DOC than the CO2 release rate.
Nevertheless, the CO2 emission rate approximated the
value of SOC. Despite that soil pH and C/N are important
factors that affect the emission of C-containing gases, we
did not observe their significant correlation with the CO2
and CH4 release rates. The factors that affect the release
rate were concealed by other more significant factors. After
the other factors became relatively stable, the second most
important factor can be clearly detected.
Soil DOC accounts for a small portion but is considered the most dynamic component of SOC pools [27].
DOC can be easily utilized by microorganisms, and organic carbon in solid form is difficult to decompose; as a
result, the depolymerization and dissolution of organic carbon is considered prerequisite for mineralization. Organic
carbon must first enter into the solution to be converted into

The release rates of CO2 and CH4 are regulated by various factors, such as substrate, temperature, moisture content, and pH. In this experiment, we mainly focused on the
relationship of SOC, DOC, and TN content with soil CO2
and CH4 release rates under aerobic and anaerobic culture
conditions. Therefore, we selected a stable period (cultured
for 30) as research object to represent the stable condition
of natural wetlands.
The CO2 release rates under aerobic and anaerobic
conditions were presented as follows: paddy field > nonwaterlogged soil = 1 > seasonal and perennial waterlogged
wetland (exclude paddy field) > perennial waterlogged
wetland. The CO2 emission capacity of the soil samples
from non-waterlogged environment did not decrease in
flooded culture environment. However, the soil samples
from waterlogged environment could not adapt to aerobic
environment and produced low CO2 release rate than that
under anaerobic condition.
The CH4 release rate in seasonal waterlogged soil was
higher than that in non-waterlogged and perennial water
soils under anaerobic culture condition. This finding could
be attributed to the high primary productivity in seasonal
waterlogged wetlands and to the ability of the ecosystem to
generate organic residues for decomposition. The correlation coefficients of soil CO2 and CH4 emission rates in the

TABLE 2 - Correlation coefficients between CO2, CH4 emission rate, cumulative release, and soil properties.
CO2 emission rate
CH4 emission rate
aerobic
0.698
CO2 emission rate
anaerobic
0.745
aerobic
0.698
CH4 emission rate
anaerobic
0.745
*, **: significant at 0.01 and 0.05 probability level, respectively.

aerobic
anaerobic

TN
0.872*
0.784*
0.788*
0.557
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0.200
-0.368
0.158
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0.193
-0.687
0.472

aerobic
anaerobic
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FIGURE 6 - Emission of CO2 per unit mass of DOC (A), and the DOC concentration (B) at each soil sampling point.
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CO2 or CH4. Therefore, dynamic content and turnover of
DOC are closely related to SOC mineralization [28]. We
comparatively analyzed the CO2 production rate and content of DOC at different sampling points in the stable stage
of culture. We found that the CO2 generation rate of the
unit-quality DOC in aerobic group was one to five times
higher than that under anaerobic incubation condition;
moreover, DOC content was about 30% to 60% of anaerobic treatment (Fig. 6).
The figure indicated that the unit quality of DOC can
release CO2 under aerobic condition, and DOC can be generated under anaerobic culture condition. This finding
could be attributed to the following. First, the dispersion of
aggregates and leaching of SOC can easily occur in a
flooded environment, thus increasing the soluble organic
carbon. Second, organic matter is not fully decomposed by
microorganisms under anaerobic conditions; hence, a large
amount of water soluble intermediates are generated in this
process.
Considering the soil DOC content only was insufficient because the DOC structure also affected the mineralization. In our experiment, absorption at 254 nm was selected as the eigenvalues of DOC. The ratio of the absorption at the wavelength of 254 nm and the DOC content was
denoted by SUVA254, which was proportional to the aromatic portion of the dissolved organic matter. In the same
concentration of DOC, the encasement of the light absorption at this wavelength resulted in the transformation from
non-humus to humus in organic matter [29].
With the control variable of SUVA254 or DOC concentration, partial correlation was analyzed between the CO2
and CH4 emission rates and DOC concentration or
SUVA254 value, respectively. The results of the partial correlation coefficients are summarized in Table 3.
TABLE 3 - Partial correlation coefficient between CO2 and CH4 emission rates with DOC or SUVA254.

DOC
SUVA254

aerobic
anaerobic
aerobic
anaerobic

CO2
0.801
0.417

CH4
0.861
0.682

−0.763
0.052

−0.685
0.636

By contrast to Tables 2 and 3, the correlation coefficients between CO2 and CH4 production rates and DOC
concentration increased in aerobic group without the influence of the aromatic degree of DOC. The value of SUVA254
was inversely proportional to the gas emission. When the
DOC aromatic degree increased, the CO2 and CH4 emission rates decreased, thus DOC became more difficult to
decompose. In anaerobic culture group, no correlation was
obtained between the release rate of CO2 and DOC aromatic degree. Additionally, the CO2 emission rate exhibited a relatively weak correlation with the concentration of
DOC. Moreover, a reverse correlation existed between the
DOC aromatic degree and the CH4 emission rate under anaerobic condition.

4. CONCLUSIONS
Soil organic matter content in the three types of wetland
significantly differed and ranged from 16 mg/g to 32 mg/g.
SOC extensively varied at each sample point of the lake wetland but minimally changed in the city secondary wetland
and artificial wetland. During incubation for 70 d, CO2 was
the primary gas released and its amount (CO2/soil) ranged
from 1 mg/g to 3 mg/g. The CO2 emission was higher under
anaerobic condition than that under aerobic condition. We
postulated that the humus in the soil was oxidized into the
oxidative state, causing the oxidation of organic compound
into CO2 as the electron acceptor in anaerobic respiration.
The accumulated CO2 emission was positively related to
the content of SOC and TN. The amount of CH4 released
was also lower than CO2. The cumulative CH4 emission
(CH4/soil) was about 0.2–1 μg/g in aerobic group and 0.3–
28 μg/g in anaerobic group.
According to the wetland hydrology-type classification,
the cumulative CO2 emission from seasonal waterlogged
wetlands was significantly higher than that from perennial
water soil and soil without water. The amount of CH4 emitted
from paddy soils under anaerobic condition was higher than
that from the other two types of wetlands. Moreover, the oxide rate was correspondingly higher.
The CO2 release can be separated into three stages at
each sampling point under aerobic and anaerobic conditions.
The rate of release on the first 14 d was high but rapidly decreased. From day 14 to 45, the emission curve became stable. On the last 25 d, the emission rate slightly attenuated.
This phenomenon was caused by the retreatment of soil samples through air drying, grinding and sifting. After the start of
culture soil rewetting, soil organic matter mineralization and
microbial respiration abruptly increased. Within this short period, the CO2 release was also stimulated. The soil CH4 release was mainly concentrated for 15 d after the start of culture. In each sampling, no consistent and uniform pattern on
CH4 emission was observed.
The majority of SOC were relatively stable and difficult
to decomposed, so the changes in SOC associated with culture time was not significant. The organic nitrogen accounted
for most TN component in wetland sediments, and the NH4+N occupied approximately 0.6% to 2.6% of the TN pool. The
content of NO3−–N in soil was low (about 1% to 10% of
NH4+–N) throughout the entire culture period. Hence, the inhibition effect of NO3−–N on CH4 production was weak. The
CO2 and CH4 emission rates were affected by DOC concentration. In aerobic culture group, the CO2 and CH4 emission
rates decreased when the DOC aromatic degree increased;
hence, DOC became more difficult to decompose. In anaerobic culture group, no correlation was obtained between the
release rate of CO2 and the DOC aromatic degree.
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NUTRIENTS VS TOXICITY IN SEDIMENTS: A CASE STUDY
OF TWO SEMI-CLOSED BASINS IN RIJEKA BAY, CROATIA
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ABSTRACT
River estuaries and semi-enclosed bays with poor water exchange are considered as sensitive coastal areas. The
determination of nutrients and potential toxicity in sediments represent important elements in their environmental
quality assessment process. Sediments act both as sink and
as a source of toxic environmental compounds. In this
study, spatial variations of sediment nutrients and toxicity
in coastal areas with limited water exchange (Rječina River
basin, Bakar Bay) in vicinity of the industrial and urban
centre of Rijeka was examined. In sediment of Rječina basin, both total nitrogen and total phosphorus exhibited a
clear spatial pattern characterized by the natural and anthropogenic enrichment of the sediment along the river
flow. The N:P ratio ranged from high upstream to low in
marine sediments. Potential sediment toxicity varied from
highly toxic to not toxic, in accordance to the river flow
and the anthropogenic input. In Bakar Bay, nitrogen and
phosphorus originated from different sources. The main
sources of nutrients were situated in the northern part of the
bay while a higher homogeneity of environmental conditions was present in its southern part. No correlation between the concentration of nutrients and sediment toxicity
was found in both investigated areas. Therefore, the local
impact of different contamination sources created a heterogeneous scenario from both the geochemical and ecotoxicological point of view. Moreover, this study confirmed
the Microtox® assay as a sensitive sediment toxicity screening tool and supported the idea of sediment toxicity as an
independent parameter considered as vital in assessing ecological risks for biota and describing the environmental
quality of sites with multiple sources of contamination.

time and terrestrial input of nutrients increases the vulnerability to eutrophication[1]. Due to its ability to absorb and
release dissolved substances sediments play an important
role in nutrient recycling [2-4]. Therefore, the presence of
organic matter and total nitrogen are considered as main
factors for the determination of the eutrophication rate [5]
and sediment quality. Since sediment organisms consume
and cycle organic matter sediment constitute a long-term
source of contamination affecting the food web [6]. Often
integrative assessments of environmental quality could not
relate chemical contamination with observed biological effects. Thus, toxicological assessments of sediment solid
phase fractions to which biota are exposed is a necessary
part of sediment quality determination and good ecological
potential achievement [7-10]. In ecotoxicological studies,
standardized toxicity tests provide information about the
bioavailability and toxicity of the contaminants to the organisms [11,12]. In cases of lower contaminant levels, ammonia concentration, organic matter and mud content may
be important factor of low to moderate toxicity [9].
The aim of this study was to investigate whether sediment toxicity could be related to nutrients content in sediments of semi-closed basins (Rječina estuary, Bakar Bay)
in Rijeka Bay since risk assessment based on metal concentration [13,14] as well as PAH pollution [15] revealed negligible risk for the benthic organisms in the area. The estimated annual load of industrial and urban wastewater to this
area is approximately 560 million m3and 23 million m3, respectively [16]. The Rječinaestuary is characterized by
rapid deposition of clay particles and terrestrial sedimentary organic matter [17,18] while Bakar Bay is a sheltered
bay with high water column stability [19], limited water
exchange [20], fine sediments bottom and abundant underwater springs [21].

KEYWORDS:
Bakar Bay, nutrients, Rječina River basin, sediment, toxicity

2. MATERIALS AND METHODS
1. INTRODUCTION

2.1. Study area

River estuaries and semi-enclosed bays are coastal
areas of poor water exchange where prolonged residence
* Corresponding author

Allogenic rivers, such as Rječina, are rare in the world
so there are almost no data reported on them. Rječina is an
abundant, fast, strong, karst, allogenic, mountain river of a
relatively short stream (Figure 1a). Its catchment area is
218 km2, the length of the watercourse is 18.3 km and the
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source is on the altitude at 325 m. It is also interesting because its source is used for drinking water supply. Before
it reaches the Adriatic Sea it flows through the city of Rijeka where it is subjected to significant anthropogenic influences from untreated municipal sewage and harbour activities (unloading, warehousing, transportation of general
cargo, timber and bulk cargo). Rječina was proposed to act
as a good illustrative example for pollutant behaviour
(toxic metals) in allogenic karstic rivers. In such rivers accumulation of anthropogenically introduced pollutants
usually occur in the estuaries, as a result of transport and
deposition of sediment particles [17]. Analyses of trace
metals generally confirmed that the water quality of the
Rječina catchments is very good with respect to particulate
matter [22]. Sampling sites of Rječina River basin included
the upper Rječina in an inhabited area (R1), lower Rječina
River in an urbanized area (R2, R3), the upper part of the
estuary (R4), the lower part of the estuary (R5) and Rijeka
Bay 200 m from R5 (R6).

Bakar Bay is located on the CroatianAdriatic coast,
within the Gulf of Kvarner that is itself a semi-closed part
of the Adriatic Sea (Figure 1b). It is a small, elongated,
4.6 km long bay, having Dinaric direction of elongation
NW-SE, with average depth of 36 m and communicating
with Rijeka Bay through a narrow mouth. Thus, it is relatively well protected from disturbances coming from the
open sea but under a high influence of local activities.
There are two ports in the Bakar Bay and in its outback
there are the industrial zones (shipyard and oil refinery
1 km from the entrance)as well as a bulk cargo terminal of
the Port of Rijeka handling coal, iron ore, bauxite ore and
bulk cargo. Sampling sites in Bakar Bay were located in
the vicinity of an industrial run-off (B1), an ex-coke plant
(B2), a dry marina (B3), the Bakar urban centre (B4), the
bulk cargo terminal (B5), a chemical industry (B6), a small
boat repairing facility (B7), a small marina (B8) and recreational area (B9). Although the area was known as a highly
polluted area, recent assessment of potential toxicity deriv-

FIGURE 1 - Sampling sites (a) along Rječina River and (b) in Bakar Bay Adriatic sea, Croatia.
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ing from metal concentrations and using sediment quality
guidelines, estimated negligible risk to the benthic community; except for small area in front of the city of Bakar [13].

dried sediment (105°C, 24 h). Porosity was determined as
a difference between the dry and wet weight of the sediment after drying at 105°C to reach a constant weight in
thedryingoven.

2.2. Sediment sampling

Undisturbed sediment samples were collected at 0 - 10
cm depth by SCUBA diving at 6 sites along Rječina River
and 9 sites in Bakar Bay (Figure 1 a, b). For nutrient, organic matter, toxicity and grain-size analysis four PVC corers were used at each sampling site. The depths at which
sediment samples were collected and the salinity of bottom
water are given in Table 1. Sediment samples were transported to the laboratory. Samples for nutrients determination were freeze-dried, samples for organic matter and
grain – size determination were processed immediately
while samples for toxicity analysis were wrapped in foil
and stored at 4°C and analysed within 2 weeks of the collection date. The top 2 cm were used and homogenized by
mixing prior to subsampling. All sediment analyses were
performed using bulk sediment as recommended for environmental studies of marine sediments [18,23]. Bottom
seawater was sampled in polypropylene bottles for physico-chemical characteristics (pH, salinity). Salinity and pH
were analysed according to HRN ISO 10523:2009 [24] and
Standard Methods: 2520B [25], respectively, using SevenMulti (Mettler, Toledo, Switzerland) and proper electrodes. Seawater dissolved oxygen was determined by
Winkler titration method (HRN EN ISO 1899-2:2004)[26].
2.3. Sediment characterisation

The riverbed at sampling site R1 was rocky covered
with pebbles and was found unsuitable for granulometric
analysis. Grain-size analyses of sediment were carried out
by a combination of wet and dry sieving methods. Prior to
analysis the sediment was subsampled on a sheet into four
parts and opposite parts were mixed in order to obtain two
subsamples. The sediment was wet-sieved through a 63 μm
sieve to separate silt-clay content from coarser sediment
fractions (gravel and sand). Fraction coarser than 63 μm
was air-dried until constant weight, then it was dry-sieved
at 1 phi intervals down to phi + 4 (63 μm) using mechanical
shaker Tyler Rx2a (USA) with a series of standard sieves
and analysed according standard procedure [27]. Sediment
types and sorting were classified after Shepard [28] and
Folk and Ward [29]. The total organic matter content of
sediments was determined by ignition loss (LOI) according
to Dean [30] including modification of the heating temperature.Decreased heating temperature has been seen as a
trade-off between oxidation of OM without degradation of
carbonates or significant modification of clays [31,32].
Briefly, the pre-weighted dry sediment sample was placed
in pre-ignited (450°C) aluminium weighing pans and
heated in an oven at 105°C for 24 h. Afterwards it was
cooled in a desiccator, than ignited in a muffle furnace at
450°C for 4 h and cooled in a desiccator before weighing.
The weight loss-on-ignition was calculated as the difference in weight between the initial dry sediment weight and
the weight after ignition (450°C, 4 h) divided by the oven

2.4. Analyses of nutrients

Sediment eluates for the determination of nutrients
were prepared according to standardised method EN12457-4:2002 [33]. Briefly, sediment samples were homogenized by mixing and sub-sampled. One subsample
was used for the determination of the dry weight and percentage of humidity by weighing after heating at 105˚C for
24 hours and subsequent cooling in a desiccator. Distilled
water (1:10 w/v, corrected for humidity content) was added
to another wet sediment subsample, stirred for 24 hours and
the sediment eluate was obtained after filtration through
0.45 µm filter. Nutrients were analysedspectrophotometrically (Varian Cary 50, U.S.A.). Nitrate (NO3-), phosphate
(PO43-) and total P was determined according to Standard
Methods 19th edition [34]. Ammonium (NH4+) was analysed
according to ISO-7150-1:1984 [35], and nitrite (NO2-) according to EN-26777:1993 [36]. Organic nitrogen was referred as difference between Kjeldahl N and NH4+, while total N was referred as sum of Kjeldahl N, nitrates and nitrites.
2.5. Sediment toxicity assay

The potential toxicity of sediment samples was determined by the standardized Microtox® solid phase assay according to Microtox® Acute Toxicity manual [37]. The bioassay measured the decrease of the bacteria Vibrio fisheriNRRL B-11177 (ISO-11348-3:2007 [38], BioFix® Lumi,
Machery-Nagel, Düren, Germany) luminescence after exposure to toxic samples. The test was performed in Microtox® Model 500 analyser (Azur Environmental, USA).
Briefly, 7 g of the sediment sample was stirred with 35 ml
of diluent for 10 min. Two subsamples of 1.5 ml (containing 0.3 g of the sediment sample) were taken as a starting
concentration (19.737 %) to make the serial dilutions. To
avoid false positive results, originating from bacterial losses
from the filtrates [39]due to the adsorption of bacteria onto
fine sediment particles, minor method modification were introduced [40]. EC50 was determined using MicrotoxOmni™
Software Package [41]. Relative toxicity was calculated as
1/EC50 * 100. Based on laboratory data from the national
long-term Adriatic Sea monitoring project [42] as well as
criteria from literature [43] the sediment toxicity classes
were defined as follows: relative toxicity < 1, 1-15, 15-250,
250-1000, > 1000 as no toxicity, low toxicity, moderate
toxicity, high toxicity and very high toxicity, respectively.
2.6. Statistical analyses

Descriptive statistics was performed on the data. A hierarchical cluster analysis was applied to the Bakar Bay sediment data set in order to group sampling sites across the basin. Principal component analysis (PCA) was used to explore relationships between variables. All statistical analyses
were performed with the STATISTICA® 7.0 (StatSoft Inc.
2008).
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porosity was noticed in the muddy sediment of sampling
site B5.

3. RESULTS AND DISCUSSION
3.1. Bottom water parameters and sediment composition

The investigated sampling sites represent two areas:
Rječina River basin characterized by a salinity gradient and
Bakar Bay as semi-closed basin far from the open sea.
Depths, pH, salinity, dissolved oxygen of bottom water
layers as well as sediment type and composition are presented in Table 1.
Physico - chemical parameters of overlaying waters
were within typical ranges for all river and bay samples.
Salinity and pH increase along the river watercourse while
stable salinity and pH were found at all sampling sites in
Bakar Bay. All bottom water samples were well aerated.
Particle size analyses revealed that the composition of
sediments from Rječina River basin ranged from sandy
gravel to sandy silt and that the mud content increased
downstream. Grains were relatively homogeneous at all
sampling sites and poorly sorted in river mouth sediments
(R4, R5 and R6). Variations of the bottom sediment characteristics, such as grain size, demonstrate the ability of the
sediments to absorb the organic matter and nutrients onto
mineral surfaces [44]. The highest content of organic matter content (20.2 ± 1.3 %) was found in the marine sediment
at R6, more than two times higher than in the Croatian Middle Adriatic, river estuaries Krka and Neretva [45]. Sediment porosity agreed with its granulometry that was two
times higher in muddy sediments. The Bakar Bay sediment
composition ranged from gravely sand to sandy silt with
gravely sand predominance except at sampling site B5
where silt was predominant. Grains were relatively homogeneous at all sampling sites and poorly sorted at sampling
sites B4 and B8. There were no distinct differences in the
content of organic matter and porosity among sampling
sites with sandy sediments while higher organic matter and

3.2. Sediment nutrient profiles

Sediment nutrient concentrations (nitrogen and phosphorus) and the nutrient ratio in Rječina River basin and
Bakar Bay is presented in Table 2. Both, total nitrogen as
well as total phosphorus content in sediment of Rječina basin exhibited a clear spatial pattern, with values increasing
from upland R1, downstream and reaching maximum of
74.07 mg/kg N and 22.16 mg/kg P at the river mouth (R6),
indicating enrichment of sediment by natural and anthropogenic input along the river flow.
All nutrients content in the sediment of Rječina River
basin exhibited a clear spatial pattern too. Ammonium content varied from 9.7 mg/kg in upper Rječina River (R1) to
28.6 mg/kg at river mouth (R6). Similarly, nitrogen oxidized form (nitrate and nitrite) ranged from 0.31 mg/kg
(R1) to 39.2 mg/kg (R6). The percentage of inorganic nitrogen present as ammonium ranged from 42 % (R6) to 98
% at upper part of the estuary (R4), while organic nitrogen
contents varied from 2.30 mg/kg at lower Rječina River
(R2) to 7.70 mg/kg (R1). Predominance of inorganic nitrogen (> 80 %) was observed in all sediment samples. High
contribution of nitrate in inorganic nitrogen in marine sediments R5 and R6 indicates oxygenated conditions while
predominance of ammonium in sediments of R1 – R4
showed reduced conditions. The lowest concentration of
PO43- of 0.14 mg/kg was observed at R1 and the highest of
2.05 mg/kg at R6 revealing low influence of agriculture on
upper Rječina River sediments and suggesting influence of
downstream urban input on phosphate increase. In comparison to Krka and Neretva estuary situated in Middle Adriatic, Croatia, with similar phosphate content [45], Rječina
River basin sediment had higher content of organic phosphorus.

TABLE 1 - Physico - chemical parameters of bottom water and sediment. (two column fitting table)

Site

Depth
m

Rječina river basin
R1
0.5
R2
2.7
R3
4.5
R4
5
R5
12
R6
20
Bakar Bay
B1
18
B2
25

Bottom water

Sediment
Silt+clay
Sorting
(mud) % coefficient

pH

Salinity

DOa
mgl-1

7.72
7.79
7.89
8.17
8.14
8.15

0.16
1.78
1.89
35.5
35.2
34.7

9.8
7.5
7.3
7.4
7.4
7.5

rocky/pebble
sandy gravel
gravely sand
sand
sandy silt
gravely silt

NDc
69.0
32.7
1.7
3.1
9.0

NDc
29.4
63.8
63.8
41.3
41.6

NDc
1.6
3.6
34.6
55.6
49.5

8.04
8.11

37.6
37.7

9.3
8.6

NDc
silty gravely
sand
gravely sand
gravely sand
sandy silt
sand
sand
gravely sand
gravely sand

NDc
34.0

NDc
45.7

9.0
18.3
1.2
15.5
5.4
8.8
13.6

61.6
61.8
42.7
80.7
92.1
75.3
79.6

B3
18
8.15
37.6
8.5
B4
15
8.16
37.5
8.4
B5
20
8.14
37.8
8.2
B6
18
8.14
37.6
8.3
B7
20
8.15
37.8
8.3
B8
10
8.14
37.6
7.9
B9
10
8.16
37.6
8.0
a
dissolved oxygen, b organic matter, c not determined

Type

Gravel
%

Sand
%
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OMb
%

Porosity
%

NDc
0.39
0.73
1.17
1.12
1.86

NDc
3.1 ± 0.5
8.6 ± 3.1
12.6 ± 10.9
9.8 ± 0.5
20.1 ± 1.3

NDc
21.2 ± 0.9
45.7 ± 7.9
47.5 ± 1.4
44.3 ± 1.7
45.8 ± 4.3

NDc
20.3

NDc
1.84

NDc
9.7 ± 0.9

NDc
24.9 ± 1.5

29.4
19.9
56.2
3.8
2.5
15.9
6.8

1.98
2.09
1.03
1.50
1.07
2.07
1.10

14.0 ± 0.6
6.5 ± 0.9
18.0 ± 1.6
5.0 ± 1.0
9.0 ± 1.0
6.9 ± 0.3
6.9 ± 1.2

26.6 ± 0.5
26.3 ± 0.2
48.2 ± 2.3
19.0 ± 12.7
25.2 ± 0.3
23.1 ± 0.8
21.7 ± 0.7
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TABLE 2 - Sediment nutrient concentrations (N and P) and nutrient ratio in Rječina River basin and Bakar Bay. (two column fitting table)
NH4+
mg kg-1

NO3-+NO2mg kg-1

PO43mg kg-1

ONa
mg kg-1

TNb
mg kg-1

TPc
mg kg-1

N:P
mol:mol

9.7
18.7
21.2
25.0
20.1
28.6

0.31
5.80
6.28
0.56
22.20
39.18

0.14
0.18
0.25
0.07
0.93
2.05

7.70
2.30
6.66
6.40
4.82
6.30

17.71
26.83
34.14
31.96
47.07
74.07

0.5
4.0
4.6
1.3
10.7
22.2

78
15
17
54
10
7

Bakar Bay
B1
18.5
0.98
B2
31.7
5.33
B3
13.7
1.22
B4
52.3
11.03
B5
102.9
11.56
B6
35.5
20.04
B7
10.9
0.57
B8
45.9
15.65
B9
20.2
1.33
a
organic nitrogen, b total nitrogen, c total phosphorus

0.27
0.69
0.37
0.23
0.84
0.28
0.01
0.39
0.49

5.6
8.1
12.1
1.08
13.5
2.8
3.1
2.0
6.8

25.08
45.13
27.02
64.41
127.96
58.34
14.57
63.55
28.33

1.6
11.0
1.7
44.6
3.1
2.4
1.2
1.9
1.7

36
9
36
3
94
56
28
76
38

Site
Rječina River basin
R1
R2
R3
R4
R5
R6

In sediment of Bakar Bay there was no clear pattern in
nutrients content (Table 2.). The highest total nitrogen content of 127.96 mg/kg was observed in sediment of Bakar
Bay at sampling site B5, while the highest total phosphorus
content of 44.6 mg/kg was observed at sampling site B4.
The percentage of inorganic nitrogen present as ammonium ranged from 63.9 % (B6) to 95 % (B1, B7) while
organic nitrogen contents varied from 2.0 mg/kg (B8) to
13.5 mg/kg (B5). The lowest concentration of NH4+ of 10.5
mg/kg was observed at B7 and the highest of 102.9 mg/kg
at B5 while the lowest concentration of nitrogen oxidized
form (nitrate and nitrite) of 0.57 mg/kg was observed at B7
and the highest of 20.04 mg/kg at B6. The high percentage
(> 80 %) of ammonium in inorganic nitrogen at the majority of the sampling sites, except B6 and B8, indicate high
organic matter input causing ammonification [46] leading
to the release of ammonium and reduction of denitrification
processes [47]. Both are characteristic of anoxic conditions
in sediment. The concentration of PO43- ranged from 0.01
mg/kg at B7 to 0.84 mg/kg at B5. The high variability in
phosphate content that reaches higher content at B2 and B5
may be explained by an increase of the organic matter mineralization rates [48].
In comparison to marine sediments at Rječina River
mouth, Bakar Bay sediments contain less nitrogen oxidized
form of nutrients and PO43- as well as more organic nitrogen. In the ammonium content, there was no distinct difference between areas, although higher values were noticed
at Bakar Bay. The highest content of ammonium was detected at sampling site B5 which could occurs naturally
within sediments as a result of bacterial decomposition
[48,49] and/or could be associated to anthropogenic
sources [50]. In both specific areas, no correlation was observed between organic matter and total nitrogen content
(data not shown). However, the sampling site with the
highest values of organic matter in each of the investigated

areas (R6, B5) displayed the highest nitrogen value that
could be indicative for nitrogen pollution [51]. Since the
content of nitrogen was still much lower than in sediments
characterized by organic pollution [52], sediments in both
areas should not be described as nitrogen polluted. High
organic matter content could be attributed to high amount
of fine sediment particles at sampling sites R6 and B5.
The N:P ratio in the sediment of the Rječina River basin was in accordance with the global N:P model [53]. It
ranged from 78 at R1 that is upstream to 7 at R6 that is in
the river mouth. In upstream freshwaters (R1), where input
is mostly derived from high N:P precipitation and high N:P
runoff from undisturbed soil, P concentration is low, N:P
is high and production is strongly P limited. The N:P ratio
higher than 16:1 was found in sediments from sampling
sites R1, R3 (lower Rječina River) and R4 (upper part of
estuary). The drop in N:P ratio as freshwater passes
through the estuary environment may be explained by rapid
denitrification and more rapid P sedimentation as evidenced by low N:P in marine sediments (R5, R6). Enrichment in both, nitrogen and phosphorus, in the lower part of
the estuary lowers the N:P ratio (R5, R6) unless N is enriched and P is selectively removed leading to P limitation
(R4).
The larger range of the N:P ratio was found in Bakar
Bay and it varied from 3 (B4) to 94 (B5). Almost all sites
(7 of 9) were found to have N:P> 16:1 displaying P limitation. Marine sediments are usually characterized by low N
: P ratio [54]. The high N:P ratio reported in this study originate from low total phosphorus content, probably, promoted by phosphorus release [55,56] from sandy sediments [2] as well as from sandy silt sediments (B5) in anoxic conditions. The N:P < 16 ratio at sampling sites B2
and B4 could be explained by higher total phosphorus content, due to the local urban input of laundry soaps and discharge of wastewater in marine system.
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TABLE 3 - Sediment potential toxicity in Rječina River and Bakar Bay (one column fitting table)
Site

EC50 / mg

Rječina River
R1
< 0.05
R2
118
R3
2.3
R4
0.2
R5
> 197
R6
hormesis
Bakar Bay
B1
B2
B3
B4
B5
B6
B7
B8
B9

23
27
> 197
> 197
95
23
3.4
< 0.05
< 0.05

Relative toxicity
1/EC50 * 100

CI

43 – 325
1.7 – 3.0
0.1 – 0.5

12 – 43
25 – 29
47 – 190
14 – 39
2.2 – 5.2

3.3. Sediment toxicity

Sediment toxicity was measured as potential toxicity
with the Solid-phase toxicity test using bacterium Vibrio
fisheri (Microtox®) that provides an indication of exposure
to sediment toxic compounds [57]. Potential sediment toxicity in Rječina River basin varied from very highly toxic
(R1) to not toxic (R5) (Table 3.) confirming the Microtox®
assay as a sensitive screening tool for the determination of
sediment toxicity. No correlation between the concentration of nutrients and sediment toxicity was found in both
investigated areas (data not shown). Unexpectedly, the
highest toxicity was detected upstream at R1. It was associated with high organic N input that could be explained by
confined agricultural activities and uncontrolled waste disposal in the nearby rural area. Sampling site R2 situated 6
km downstream expressed low potential sediment toxicity
probably due to the dilution and lack of toxic compounds
input during the passage of the river through an uninhabited area. Potential sediment toxicity increased from moderate (R3) to high (R4) as the Rječina River flows through
the highly industrialized city of Rijeka which could be related to contaminants and nutrient inputs. Previously, elevated contaminant concentrations that could cause low
toxic effects at lower Rječina and in the prodelta sediments
were found and ascribed to the accumulation of anthropogically introduced pollutants as a result of transportation
and deposition of particles [17]. At the river mouth, 200 m
from the coastline (R5) sediment was found to be not toxic,
in accordance with the results observed by Rodrigues et al.
[58] where the toxicity tended to be lower or non-existent
in the mid to external portions of the estuary (greater marine influence). Finally, 500 m from the coastline, at R6
hormesis was observed. It is indicative of a toxic response
at low concentrations of environmental contaminants [59]
deposited in the sediment and in accordance with the contaminant input at Rječina River mouth [60].

Sediment toxicity

> 2000
0.8
44
500
<1

Very high
Low
Moderate
High
Not toxic

4.3
3.7
<1
<1
1.1
4.3
30
> 2000
> 2000

Low
Low
Not toxic
Not toxic
Low
Low
Moderate
Very high
Very high

In the north-western part of Bakar Bay [13], where all
the industrial and urban facilities are located, low or no
sediment toxicity was found (B1-B6). It seems that local
counter clockwise circulation [19] contributed to the removal of the contaminants that with the surface water ran
out through the Bakar Bay mouth. Thus, contaminant levels in the sediment do not give rise to sediment toxicity.
Moderate and very high sediment toxicity was found
at sampling sites B7, B8 and B9, situated in the vicinity of
a small village free of anthropogenic pressures, characterized by low nutrient content that could not be associated
with local contaminant input. It is very likely that the southeastern part of the bay is a deposition site of toxic compounds produced elsewhere either by industrial facilities situated in (northern part) or out of the bay and brought in by
submarine springs [61] and/or bottom currents (20 m/s)
strong enough to move mud/silt/sand sediment particles
[62]. Just out of the bay, within 1 km from its entrance, the
Kraljevica shipyard and Rijeka oil refinery are situated.
Those can act as a source of toxic but not commonly measured marine contaminants contributing to sediment toxicity.
3.4. Data integration

Multivariate analyses on sediments from Rječina River
basin data set were not performed since the sediment characteristics pattern was clearly related to the river flow. Integrative tools (cluster and principal component analyses)
were used to explore relationship between variables describing investigating sediment samples in Bakar Bay. The
cluster analysis resulted in two major clusters (Fig. 2.). The
first cluster, that included sampling sites B2-B5 (northern
part of the bay), is characterized by higher levels of nitrogen, phosphorus, organic matter content and mud as well
as by low potential sediment toxicity. A second cluster that
joined sampling sites B6-B9 (southern part of the bay) is
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homogeneity of environmental conditions characterized
the southern part while the presence of specific local influences of nutrient (nitrogen at B5 and phosphorus at B4)
characterized the northern part. Regarding the spatial distribution of anthropogenic inputs similar conclusions were
achieved after analysis of pollutant distribution [13] where
two main sources were indicated: the city of Bakar and the
area near the bulk cargo terminal, corresponding to B4 and
B5, respectively.

FIGURE 2 - Hierarchical dendrogram based on the Euclidian distances for sediment data clustering of sampling site from Bakar Bay.

characterized by low levels of nitrogen, phosphorus, organic matter content and mud as well as by high potential
sediment toxicity. Accordingly, the PCA results positioned
the first cluster on left part and the second cluster on the
right part of the projection of the sampling sites on the factor plane (Fig. 3a). Due to the large homogeneity among
sampling sites, the first two PCA components described
82.15 % of the variances. The first extracted factor accounted for 54.21 % of the variance and included mud, total nitrogen (TN) and organic matter (OM) (Fig. 3b). The
second extracted factor explained the 27.95 % of the variance and was positively correlated to the total phosphorus
(TP) and negatively correlated to sediment potential toxicity (TOX). This suggests that the main sources of nutrients are situated in the northern part of the bay and that they
had no influence on the potential sediment toxicity. Higher

There is evidence that at high levels of contamination
(PAH, heavy metals), toxicity measured by Microtox® assay reflect chemical concentrations in sediments while at
lower chemical levels confounding factors (e.g. ammonia,
organic matter, mud) could have an influence on the toxicity [9]. However, the potential toxicity of both, Rječina
River basin and Bakar Bay sediment could be attributed
neither to nutrients content nor to sediment physical characteristic. Moreover, toxicity could not be explained by the
association of PAHs in marine sediments [63] as well as of
metals and PCBs [13,64]. Finally, it is likely that toxicity
measured by Microtox® assay does not originate only from
commonly measured marine contaminants but rather reflect a presence of the toxic environment that derives from
the interaction between contaminants, including their antagonistic, synergistic and additive effects. Thus, the toxic
potential of sediments in both investigated areas in the present study reflects the influence of local input/deposition at
rural, urban and industrial sites. The PCA results showed
that nitrogen and phosphorus in Bakar Bay originate from
different sources and were not associated to toxicity. Thus,
local impacts of different contamination sources create a
heterogeneous scenario from both geochemical and ecotoxicological points of view.

FIGURE 3 - Principal component analysis for data sets of Bakar Bay sediments. (a) projection of the sampling sites on the factor plane F1 *
F2 and (b) the projection of the variables on the factor plane F1 * F2.
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4. CONCLUSION
All nutrients together with total nitrogen and total
phosphorus in sediments of the Rječina River basin exhibited a clear spatial pattern with values increasing from upstream, downstream to estuary while sediments of Bakar
Bay showed no clear pattern in nutrients content. P limitation at certain part of the Rječina River basin (R1, R3 and
R4) and at the majority of the sites (7 of 9) in Bakar Bay
was detected although both areas do not display symptoms
of nitrogen pollution. Potential sediment toxicity of the
Rječina River basin varied from very highly toxic to not
toxic in accordance to river flow and anthropogenic input.
No correlation between concentration of nutrients and sediment toxicity was found in both investigated areas.Integrated analyses of data for Bakar Bay revealed that the
main sources of nutrients were situated in the northern part
(the city of Bakar and area near bulk cargo terminal), but
showed no influence on the potential sediment toxicity.
The potential sediment toxicity measured by the Microtox®
assay in the southern part of the bay derived not only from
commonly measured marine natural and anthropogenic
contaminants but also from the interaction of contaminants, evidencing biological responses due to the multiple
sources of contamination. The results of this study support
the idea that sediment toxicity should be considered as an
independent parameter for describing ecological risk for
associated biota and environmental quality important for
management of contaminated sites.
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LOW COST REMOVAL OF
REACTIVE DYE FROM WATER USING SEPIOLITE
Filiz Orman1, Hatice Murathan1 and Ayşe Murathan1,*
1

Gazi University, Chemical Engineering Department, Maltepe, Ankara, Turkey

Theadsorption of reactive dyes on different adsorbents
(such as sepiolite, zeolite, diatomite, activated carbon,eucalyptus bark, chitosan,polyurethane foam, coffee wastes,
bottom ash, nanospinel NiFe2O4, red mud and activated
alumina) were investigated ina series of batch adsorption
experiments [8-23].
There is big demand about the use of low-cost materials for dye adsorption for sustainabilityand many reviews
take in this subject [24-26].
In this study, removal of Reactive Orange 86 MX3Rby using natural sepiolitein the batch system and in the
jacketed packed column were investigated. Equilibrium,
thermodynamic parameters and kinetic analysis were conducted to understanding sorption process.

ABSTRACT
The feasibility of the removal of reactive dye Orange 86
MX-3R from artificial water was examined using low cost
sepiolite in batch and continuous systems. The equilibrium
adsorption isotherms have been analyzed by Langmuir and
Freundlich, in batch system. Langmuir adsorption isotherm
constants corresponding to the adsorption capacity, q0, were
found as 48.5, 67.9 and 96.9 mg/g for sepiolite at 20, 50 and
80°C, respectively. Adsorption process was an endothermic
process and kinetic studies showed that the equilibrium was
attained within 140 min in batch system, and the kinetic
data were well described by the pseudo-second-order kinetic
model. The increase of adsorption rate with an increase in
temperature for Reactive Dye Orange 86 MX-3R adsorption
on sepiolite indicated chemisorption with dissociation.

2. MATERIALS AND METHOD
KEYWORDS:
adsorption, sepiolite, reactive dye, equilibrium

The reactive dye dichlorotriazine Reactive Orange 86
(Procion Yellow MX-3R) (MW=760 g, λmax = 415 nm) was
used in the experiments and was provided from Setaş
Chem.Comp.,Istanbul, Turkey (Figure 1).The reason for
the use of this commercial dye is its high purity. Non commercial type of this dye was synthesized in a previous studies [27], but commercial dye was preferred because of the
high purity. A stock solution of dye was prepared by dissolving in distilled water. The stock solution was diluted
further to obtain the standard and simulated sample solutions. All chemicals used were of analytical reagent grade.
Inall experiments, 10, 30and 50 ppm dyesolutions were
used, which were prepared from stock solution and they
were kept at 2.0 pH, with 0.1 M HCl.Brown sepiolite from

1. INTRODUCTION
There are many processes available for the removal of
dye by conventional treatment technologies including biological and chemical oxidation, chemical coagulation,
foam flotation, electrolysis, biodegradation, advanced oxidation, photocatalysis and adsorption. Conventional biological processes are less efficient in degrading synthetic
dyes due to the complex structures, molecular size and nature [1-7].
SO3H

Cl

NHCOCH3
N

N

N

SO3H

SO3H

FIGURE 1 - Reactive Orange 86 MX-3R
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Eskişehir was used as adsorbent[28].Sepiolite mineral was
grounded and sieved to a size of 105 µm using ASTM
standard sieves. X-ray diffraction (XRD) analysis of the
samples was carried out with a Bruker D8 Advance Powder
Diffractometer using CuKα radiation. The specific surface
area (BET) of the sepiolite samples was derived from N2
adsorption isotherms measured at liquid nitrogen temperature using a Nova Quantachrome 2200-E model sorptometer. The minerals were washed with deionised water and
then dried at 1100 C for two hours for the experiments.
2.1. Batch experiments

The effect of initial dye concentration, solution temperature and contact time on the adsorption process was investigated. Before the experiments it was occurred calibration curve for dye. Water bath is an adjustable instrument
with temperature, time and shaking rate. In all experiments,
45 rpm shaking rate, 2.0 pH, 105 µm sorbent particle size
and 2.5g sorbent amount were kept as constant [29]. The
samples taken from water bath were centrifuged and were
analysed by Shimadzu 210 UV-visible spectrophotometer.
For contact time optimization, each of 50 ml. dye solutions
was put in the bottles. Then, sorbent at which optimum particle size was added in each of bottle at the optimum
amount. Meanwhile, 20ºC temperature and 45 rpm shaking
rate was kept as constant. At the end of the each experiment,
centrifuged dye solutions were analyzed by Shimadzu 210
UV-visible spectrophotometer and optimum treatment time
was determined. For the obtaining of the effect of temperature, it was studied at 20°C, 50°C and 80°C respectively
in the same experimental conditions.

of reactor were in 14 cm height, 4.5 cm outer diameter and
3 cm inner diameter (Figure 2). Glass beads were used as
support in the top and the bottom of the column and adsorbent particles were put in the middle of the column then
was also filled with distilled water for two hours with the
aim of impurities removal. Water was emptied and initial
dye concentration of 10, 30 and 50 mg/L solutions adjusted
to pH 2.0 were allowed to percolate through adsorbents in
25 °C and 70 min. Adsorption of dye by the adsorbent (as
percent) was calculated as ([C0 − Ct]/C0) × 100 where C0
and Ct are the initial dye concentration and dye concentration at time t, respectively.
3. RESULTS AND DISCUSSION
In this study, sepiolite was used as sorbent in 105 µm particle size. Specific surface area of sepiolite was 251.8 m2/g at
25oC according to Nova Quantachrome 2200-E model sorptometer and chemical analysis of sepiolite was given in XRD
result.X-ray diffraction analysis together with the chemical
analysis of (27.3% SiO2, 14.4% MgO,11.09% CaO, and
32.00% CaCO3) indicates that sepiolite and dolomite are
the major components along with traces of Al, K and Fe
oxides in the form of impurities.
3.1. Batch experiments

It was investigated the effect of treatment time on sorption efficiency at constant 20ºC temperature, 2.0pH value
and 45 rpm shaking rate. Time variables were 40, 60, 80,
100, 120 and 140 min.Dyesorption efficiency was increasing quickly in 40 min., but it was seen that increase in sorption efficiency has a limit value in 140 min. After these experiments, it was used 140 min. treatment time as constant.
Also, it was investigated the effect of temperature on sorption efficiency at constant 140 min. and 45 rpm shaking
rate with 105 µm sorbent particle size and 2.5 g sorbent
amount. For the obtaining of the effect of temperature it
was studied at 20°C, 50°C and 80°C respectively in the
same experimental conditions. Maximum sorption was obtained as 96.9 mg dye/g sepiolite at 80 °C. It was obtained
increasing in sorption efficiency with increasing temperature, so this result can be explained as chemical adsorption,
at lower pH more protons will be available, thereby increasing electrostatic attractions between negatively
charged dye anions and positively charged adsorption sites
and causing an increase in dye adsorption [28, 29].
3.2. Continuous experiments

FIGURE 2 - Scheme of the experimental setup
2.2. Continuous experiments

After optimum conditions were determined in batch
experiments, the removal of dyewas studied in packed bed
column. Packed column used in experiments was made of
pyrex material and it was a continuous system. Dimension

In batch experiments, it was obtained optimum conditions for dye removal by natural sepiolite sorbent. By using
these processes results, dyeremoval was investigated in
continuous system. In this system, dyeremoval yield was
higher than batch experimental results at 80°C and 2.0 pH
values for 70 min. This value was calculated as 100.6 mg
dye/g sepiolite. Also, each of system can be used economically in dyeremoval by sepiolite.
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FIGURE 3 - Effect of initial concentration on dye adsorption on sepiolite (w=1.00 kg/m2 s, Dp= 105 µm, T=298 K, pH=2.0)
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FIGURE 4 - Effect of temperature on dye adsorption on sepiolite (Dp= 105 µm, C0= 50.00 mg/L, T=298 K, pH=2.0)

3.2.1. Effect of initial dye concentration

Figure 3 shows that the effect of initial dye concentration on the adsorption of the sepiolite at pH 2.0, 25 °C. An
increase in initial dye concentration leads to an increase in
the adsorption capacity. This indicates that the initial dye
concentration plays an important role in the adsorption capacity of dye on the sepiolite [30-32].
3.2.2. Effect of temperature

Figure 4 shows the effect of temperature on dye sorption for sepiolite. Adsorption capacity increases until a limited value with increasing temperature. This result, pointing to adsorption process can be endothermic chemical adsorption besides thermodynamic parameters calculation results [28,29, 38].
3.2.3. Effect of contact time

Different hydraulic mass flowrate of 1.0, 1.5 and 2.0 kg/
m2 s at pH 2.0 were used in the column respectively. In a

packed column of uniform cross-sectional area, the hydraulic mass flow rate was directly proportional to the overall
linear flow through the bed. The column was packed to a
depth of 12 cm with adsorbent which amounts to 5 g. The
eluents from the column were collected at 5 min intervals
and analyzed for the respective residual dye concentration.
Percolation of the solution through the column was stopped
as soon as color was noticed in the effluent. It is evident from
the Figure 5 that as the flow rate increased, the service
times were shortened and therefore the volume treated.
This was due to decreased contact time between the dye
and adsorbent at higher flow rates; lower penetration of adsorbing dye molecules into the pores [30-32].
3.3. Sorption isotherms

The Langmuir and Freundlich adsorption parameters
were determined by converting the corresponding equations
in the linear forms as follows in equations 1 and 2 [33, 34].
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Langmuir isotherm: 1/q = (1/q0)+ (1/KL.q0)(1/C)
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FIGURE 5 - Effect of contact time on dye adsorption on sepiolite (Dp=105 µm, C0=50.00 mg/L, T=298 K, pH=2.0)
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TABLE 1 - The characteristic parameters of sorption process of reactive dye Orange 86 MX-3R on to sepiolite
T, K

Langmuir Isotherm

Freundlich Isotherm
KF, (mg/g)(L/mg)1/n

n

R2

0.9944

48.528

5.882

0.9856

67.993

0.9974

68.391

8.333

0.9922

48.543

0.9974

97.948

5.263

0.9889

KL, L/g

q0, mg/g

R

293

0.1032

96.939

323

0.1034

353

0.1287

2

Freundlich isotherm: log q = log KF + 1/n log C

(2)

Isotherms at three different temperatures of solutions
are represented in Figure 6a and Figure 6b, Langmuir
model and Freundlich model respectively.
As seen from Table 1, the values q0 of maximum adsorption capacity, corresponding to monolayer coverage of
the binding sites available in the sorbent, was obtained at
353 K. In the range 293-323 K an increase in temperature
does significantly affect sorption of reactive dye on sepiolite. The higher value of q0 at 353 K may be attributed this
such of reactive dye as known hot applying dyes at 7080°C to the cotton fabric [36]. On the other hand,the values
of n between 2 and 10 shows good adsorption [37]. Adsorption of negatively charged reactive dye onto surfactant
of acidic sepiolite, was greater at high temperature, similar
with the others [28, 29, 38, 39].
3.4. Thermodynamic study

Using the values of Langmuir constant, KL , and following equations one can calculate the variations of apparent enthalpy (∆H, kJ/mol), apparent free energy (∆G,
kJ/mol) and apparent entropy ((∆S, J/mol.K) of dye sorption on sepiolite (Table 2) according to equations 3-5,
ln KL= -(∆H/ R.T) + constant

(3)

∆G= - RT ln KL

(4)

∆S = (∆H - ∆G)/ T

(5)

that the reactive dye sorption on sepiolite is a spontaneous
process. It can be said that the driving force for sorption
process is an entropy effect. This result was demonstrated
by other experimental results [29, 38].
TABLE 2 - The apparent thermodynamic parameters of sorption
process of reactive dye Orange 86 MX-3R on to sepiolite
T, K
293
323
353

∆G, kJ/mol
-22.238
-22.879
-22.255

∆H, kJ/mol
8.763
8.763
8.763

∆S, J/molK
45.993
43.705
38.221

3.5 Kinetic study

The kinetics of reactive dye sorption on to sepiolite
was investigated using two different models: the pseudofirst order and pseudo-second order kinetics. The pseudofirst order Lagergren model, is generally expressed by
equation 6 where k1 (1/min) is the Lagergren rate constant
of the first order sorption [35], evaluated from Figure 6a.
log (q0-q) = log q0 – k1. T

(6)

According to the pseudo-second order model the dye
adsorption kinetic is described by the equation 7, where k2
is the rate constant of second order sorption (g/mg.min) and
k2.q02= h is the initial adsorption rate (mg/g.min).
t/q = 1/ (k2.q02) + t/ q0

(7)

Where, R is the gas law constant and T is the absolute
temperature.

The experimental kinetic data were adjusted according
to the indicated models Figures 7a and 7b and the coefficients of correlation as well as the kinetic parameters of
dye sorption on sepioliteare given in Table 3.

The positive value of apparent enthalpy change shows
an endothermic chemical adsorption, favoured by increased temperature. The negative values of ∆G confirm

The results of Table 3 and Figures 7a and 7b showed
that the second order equation model provided the best correlation with experimental results [29, 38].

TABLE 3 - The kinetics parameters of sorption process of reactive dye Orange 86 MX-3R on to sepiolite (C0= 10.00 mg/L)
Pseudo- first kinetic model

Pseudo- second kinetic model

T, K

k1*103, min-1

R2

k2*104, g/mg .min

h, mg/g.min

R2

293

10.0031

0.9715

4.2390

0.9990

0.9956

323

6.0970

0.9823

2.1630

0.9999

0.9975

353

2.4390

0.9855

0.97436

0.9149

0.9983
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FIGURE 7a - The applicability of the first kinetic model to reactive dye Orange 86 MX-3R on to sepiolite
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FIGURE 7b - The applicability of the second kinetic model to reactive dye Orange 86 MX-3R on to sepiolite

4. CONCLUSIONS
The adsorption of reactive dye Orange 86 MX-3R on
to sepiolite is a function of initial dye concentration, solution temperature and contact time. It was obtained maximum sorption capacity as 96.9 mg dye /g sepiolite in batch
system at 80ºC, 140 minutes. Also, it was obtained higher
dyeremoval yield in continuous system than batch system
as 100.6 mg dye /g sepiolite at 70 minutes only.
The equilibrium sorption data were analysed using
Langmuir and Freundlich models. The results fitted well to

the two-parameter monolayer Langmuir model. As a result
of thermodynamic parameters calculations, dye sorption on
sepiolite was an endothermic process. The kinetic sorption
data fitted well to the second-order kinetic model, indicating chemisorption with dissociation.
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ABSTRACT
Black pine [Pinus nigra Arnold. subsp. pallasiana
(Lamb.) Holmboe. var. pallasiana] and Taurus cedar
(Cedrus libani A.Rich.) are commonly used species with
high adaptation potential to planting sites in anthropogenic
steppe and arid-semiarid regions in afforestation studies in
Turkey. In this study, the effects of species and site on survival and growth of Black pine, and Taurus cedar seedlings
were evaluated on three ecologically different sites (Kizilirmak, Ilgaz and Yaprakli) after eleven growing seasons
in Turkey. One-year old tubed Black pine and two-year old
tubed Taurus cedar seedlings were planted at the experimental sites in early spring. Results showed that planting site
and species significantly affected seedling survival, diameter
and height increment. It is thought that afforestation with
Taurus cedar seedling in arid sites such as Kizilirmak and
Black Pine seedlings in semiarid region such as Ilgaz at last
years and semiarid regions such as Yaprakli may result better with regard to survival rates, diameter and height increase.
KEYWORDS:
Black pine, Taurus cedar, nursery, plantation, seedling growth

1. INTRODUCTION
Turkey has over 78 million hectares of mountainous
area and has a rich biodiversity in eco-geographical sense.
Forests in Turkey are also rich with regard to species and
composition covering 27.6% of the country according to the
last data in 2014. Black pine [Pinus nigra Arnold. subsp. pallasiana (Lamb.) Holmboe. var. pallasiana] is one of the major tree species with regard to distribution area and wood utilization options after Turkish pine (Pinus brutia Ten.) that
covers 4.7 million hectares in the coniferous tree species in
Turkey [1]. The distribution area of Black pine in Turkey
covers Thrace, Northern, Western and Southern Anatolia.
* Corresponding author

Black pine is absent from the coastal areas in the Eastern
Black Sea region. This issue is important with regard to its
habitat requirements. Black pine constitutes pure forests in
wide areas between 700 and 1400 m altitudes. It is with
mixed Scots pine in smaller areas between 1400 and 1700 m
altitudes. Black pine is also one of the most common tree
species in Anatolian steppe. It exists at the steppe edges of
Central Anatolia at 900 m and also up to 1500 m as stands
but also as scattered trees at higher altitudes. It is a modest
tree species [4-6] and resistant to summer aridity [2] and
winter colds [3] and widely used at the afforestation studies
in the Central Anatolia, mostly semiarid region, due to these
attributes [7].
Natural distribution area of Taurus cedar (Cedrus libani
A. Rich) covers Anatolia, Lebanon and Palestine, however
it is almost completely cleared out except Anatolia. Anatolian distribution of this species in on the Taurus Mountains
but it also exists at Niksar at north and Erbaa as small
stands [8-10]. Taurus cedar is one of the most important
tree species in Turkey with regard to wood utilization options and its distribution area that is approximately 464000
hectares and it is sixth in the coniferous tree species [1].
Vertical distribution of Taurus cedar is between 800 and
2100 m generally. Its vertical distribution in Erbaa-Catalan
is between 800 and 1200 meters, at Niksar-Akincikoy between 670 and 920 meters [11,12]. There are certain ecological differences in its distribution areas [13-15]. It is reported that utilization potential Taurus cedar in afforestation is extensive with regard to climatic properties at its
natural distribution area [16]. It is also reported that its adaptation capability is quite high [17]. Taurus cedar is a fastgrowing, semi light tree species [18]. It constitutes pure
forests on Taurus Mountains and Central Black Sea region.
It can also be mixed with various coniferous or deciduous
tree species [11, 12]. Its utilization area is wide due to its
durability and having slim annual rings [19-21]. Besides of
its natural distribution area being in Turkey, it has important historical, cultural, aesthetic, biological and scientific values [22]. It is used in the afforestation studies in
Elazig, Cankiri, Eskisehir, Kutahya-Gediz-Simav, Balikesir,
Ankara, Samsun-Bafra, Sinop, Kirklareli and Kocaeli
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provinces which are outside of its natural distribution area
in Turkey for a very long time. Age, diameter, height and
survival ratio data from the afforestation sites in these provinces show the success of afforestation studies with this species [23-27].
It is known that 35% of Turkey is semiarid in climate
and afforestation studies are mostly carried out in semiarid
areas, and also potential afforestation sites are commonly
in semiarid areas [1]. Black pine and Taurus cedar which
have high potential in these areas are chosen as the research
materials. Numerous studies have examined the influence of
site, provenance or seedling size on field performance of
several tree species. Some of these studies show that seedling size and site affect seedling survival and growth of some
deciduous and conifer species significantly [28-39]. However, arid-semiarid areas, there is little or no information on
the effects of site and seedlings size on field performance of
Black pine and Taurus cedar. The objective of this study was
to determine the effects of site on eleven year survival and
growth of Black pine and Taurus cedar seedlings.
2. MATERIALS AND METHODS
The main materials of this study were Black pine and
Taurus cedar seedlings. Digital compass, tape measure,
hand type GPS device and blume-leiss were the accessory
materials. Taurus cedar seeds were obtained in 2000 and
Cankiri-Cerkes-Citdag in origin, Black pine seeds were obtained in 2001 from Forest Trees and Seeds Improvement
Research Institute with Konya, Ermenek origin. In the afforestation studies with Taurus cedar in semiarid areas,
planting 1+1 or 2+0 seedlings from appropriate origins
were suggested [40] and also in the Black pine afforestation studies, the most appropriate origin is suggested to be
Cankiri-Cerkes origin [41] in the semiarid areas. The Black
pine seedlings planted in this study were also CankiriCerkes in origin and seedling of 1+0 aged Black pine and
2+0 aged Taurus cedar were produced in Cankiri Kenbag

Forest Nursery. These seedling were planted at the experimental sites in Kizilirmak, Ilgaz and Yaprakli (Figure 1).
Prior to site preparation, soil samples were taken from
the sites and various physical (sand, silt, clay) and chemical
(pH, organic matter, total N, P2O5, K+, Ca++, Mg++, Zn+3,
Mn++ ) characteristics of the soil samples were determined
using standard laboratory procedures [42-45]. Meteorological data of study areas (temperature and precipitation)
were obtained from General Directorate of Meteorology
[46]. The data from Ilgaz Meteorological Station (885 m)
were interpolated to the experimental site in Ilgaz; the data
from Cankiri Meteorological Station (751 m) were interpolated to Kizilirmak (705 m) and Yaprakli (1632 m). Site
preparation and seedling planting were carried out in 2002.
Various parameters (root collar diameter, seedling
height and survival ratio) were measured between 2002 and
2013. During yearly measurements, insects feeding on
planted seedlings were collected and identified at the laboratory. Randomized plots experiments with three replicates
were established at three sites, Kizilirmak, Ilgaz and
Yaprakli. Species (2 levels) were randomly assigned to each
plot. Each plot was an experimental unit and contained
25 seedlings. A total of 450 seedlings (2 species at 3 sites
with 3 replicates and 25 seedlings in each replication) were
hand-planted at 3x1.5 m spacing in March 2002. The study
plots received only one hand-hoeing of the soil around the
seedlings within a 70-cm radius circles after planting. Seedlings diameters (2.5 cm above the soil surface) and heights
were measured immediately after planting, and along with
survival, at the end of the every growing season each year
until 2013. All measurements were done on individual seedlings. Analyses of variance (ANOVA) were used to evaluate
the site, species, and their interaction effects. The variables
analyzed were the mean plot values. Arcsine transformation
was performed on survival data, but the means are presented
in tables using the original values of the measurements. Significant differences between variable means were determined by Tukey’s-b Multiple Range Test. Statistical analyses were performed with Minitab software package.

FIGURE 1 - Locations of the experimental sites
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3. RESULTS AND DISCUSSION
3.1 Soil properties

Results of the soil analysis from the experimental sites
are given in Table 1. Soil analysis results show that Kizilirmak is poor while Ilgaz and Yaprakli is moderate in organic matter. All sites are poor in nitrogen, slightly acidic,
moderate in P2O5 and rich in Ca and Mg. It is known that
annual precipitation and soil properties are the most affecting factors of the success of the Taurus cedar outside of its
natural distribution area [16, 47, 48].
3.2 Insects of Site

The adult beetles that have been collected larvae from
the soil beneath the dead seedlings at Kizilirmak identified
as Melolontha melolontha (L.) (Coleoptera: Scarabaeidae).
This beetle feeds on the roots of seedlings and causes to
die. This beetle may cause the lower survival ratio at Kizilirmak site than other sites. Also Acantholyda hierogliphica (Christ.) (Hymentoptera: Pamphiliidae) larvae were detected while feeding on the needles of Black pine seedlings.
Feeding of this species may result a decrease in seedling
growth.
3.3 Climatic Data

Climatic data of the experimental sites are given in
Figure 2.
3.4 Survival Ratio

Average seedling survival ratios of Black pine and
Taurus cedar in Kizilirmak, Ilgaz and Yaprakli, and comparison results are given in Table 2. The survival ratio is
one of the most important para-meters in evaluating the
success of an afforestation study [49, 50]. Table 2 shows
that there were significant differences in the survival ratios
of the Black pine seedling in Kizilirmak plot (69.33%), Ilgaz
plot (69.33%) and Yaprakli plot (96.00%) 1 year after plantation (F(2,12)= 11,95; P<0,05). In the latter years, the survival
ratios of the Black pine seedlings in Kizilirmak plot were
decreased more and reached 49.33% in 2011. In Ilgaz and
Yaprakli plots, the survival ratios of the Black pine also
decreased to 78.67% in 2013.

In a research with bare rooted 2+0 aged Black pine
seedlings in Isparta, Kayi afforestation site, it is reported
that the survival ratio was about 80% one year after plantation and the plantation shock lasts 2 years at least [5152]. In this study, it is thought that the high survival ratios
in Ilgaz and Yaprakli plots are due to use of tubed seedling,
however the lower survival ratio in Kizilirmak plot may be
due to plantation shock, climatic conditions or insect damage to a degree. In another study in Corum region, the survival ratios 5 years after plantations of bare rooted Black
pine and Taurus cedar were between 67% and 90% [53].
Another study, 9 year after plantation in semiarid areas in
Turkey with Bursa, Mustafa Kemal Pasha originated seedling of Black pine show 67% seedling survival [54-55].
Our results of 9 years after plantations show 43-78% survival ratio in Black pine and these ratios seem similar to
literature. A study by Simsek et al. [56] suggests that the results of origin trials at 12 regions in Turkey show that the
most seedling losses occur in Central Anatolia region after 9
years. It seems reasonable for arid Kizilirmak to achieve
49% survival ratio in Black pine and this survival ratio corroborate with Simsek et al. [56]. In other afforestation studies in Cankiri, survival ratios between 63-93% were
achieved at 4-5 year-old Black pine saplings [57-58] which
were similar to survival ratios in this study (69-83%).
The survival ratios of Taurus cedar seedlings, the other
species planted, does not show any significant difference until 2010 (Table 2). In the latter years, the survival ratio of
seedlings in Kizilirmak plot was not significantly different
than Ilgaz plot, but significantly different and lower than
Yaprakli plot. The survival ratio of seedling in the Ilgaz plot
were not significantly different from Yaprakli plot (Table 2).
The bare rooted Taurus cedar afforestation studies in
Turkey were not much of a success due to the main rock,
soil, climate and altitude [59]. Evaluation of 1+0 and 2+0
tubed Taurus cedar seedlings showed that 2+0 year-old Taurus cedar seedlings were much success [60-61]. A success
rate of 65% was reached after 10 years at Taurus cedar experiments at arid plots [55]. A success of 70% was reached
in a study carried out with 2+0 year-old Taurus cedar seedlings at Elmali Cedar Research Forest. Certain studies carried out in Cankiri with Taurus cedar show 75-90% success
rates [57, 58]. 10th year after plantations, survival ratios of

TABLE 1 - Various soil properties of the out-planting sites
P2O5

Texture

Organic
Matter
(%)

Total
N
(%)

pH

0-30
66.61
16.99
31-60
63.08
22.92
>61
58.42
18.98
0-30
42.80
34.21
II
31-60
30.20
54.70
>61
29.27
53.52
0-30
61.84
17.83
III 31-60
59.46
19.24
>61
58.21
18.86
I:Kizilirmak, II:Ilgaz, III:Yaprakli

16.40
14.00
22.60
22.99
15.10
17.21
20.33
21.30
22.93

Sandy loam
Sandy loam
Sandy clay loam
Loam
Silt loam
Silt loam
Sandy clay loam
Sandy clay loam
Sandy clay loam

1.71
1.42
0.48
2.87
2.69
2.54
3.24
2.93
2.71

0.080
0.050
0.020
0.037
0.024
0.011
0.057
0.032
0.018

5.65
5.72
5.95
5.24
5.26
5.42
5.48
5.79
6.37

I

Depth
(cm)

Clay
(%)

Site*

Silt
(%)

Sand
(%)
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ppm
19.22
31.33
48.42
54.23
65.78
77.12
23.24
30.92
47.89

K+

Ca++

Mg++

meq/
100 g
0.46
0.91
1.12
1.37
1.65
2.24
0.54
0.87
1.41

meq/
100 g
29.67
28.14
27.40
19.88
18.92
19.23
27.39
26.48
27.01

meq/
100 g
2.09
2.69
3.21
2.49
2.53
2.63
2.21
2.77
3.49

Na+
meq/
100 g
0.45
0.55
0.93
0.71
0.83
0.97
0.54
0.63
0.89

1000
800

8
600
6
400
200

5

20
Kizilirmak (705 m)

Years

Dec.

Oct.

Nov.
Dec.

Nov.

Oct.

Years

Dec.

Nov.

Oct.

Sep.

Aug.

Jan.

0

The Average Precipitation (mm)

20
Yapraklı (1632 m)

-5

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

0
2003

0

5

Jul.

200

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

40

Jun.

400

4

Apr.

6

60
15

May.

600

80

Mar.

800

8

100

25

Feb.

10

The Avarege Temperature (°C)

1000

Total Annual Precipitation (mm)

12

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

35

1200
Yaprakli (1632 m)

2002

Sep.

Months (2002-2013)

14

The Avarege Annual
Temperature (°C)

Aug.

Jan.

0
Jul.

-5

Years

2

Sep.

20
Ilgaz (935 m)

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

0
2002

0

5

Jun.

200

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

40

May.

400

4

Apr.

6

60
15

Mar.

600

80

25

Feb.

800

8

100
The Average Precipitation (mm)

1000

10

The Avarege Temperature (°C)

The Avarege Annual
Temperature (°C)

12

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

35

1200

Ilgaz (935 m)

2

Aug.

Months (2002-2013)

Total Annual Precipitation (mm)

14

Jul.

Jan.

0
Jun.

-5

2013
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2011

2010

2009

2008

2007
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2003

0
2002

0

40

Apr.

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

2

60
15

May.

4

80

25

Mar.

10

100
The Average Precipitation (mm)

The Avarege Temperature (°C)

The Avarege Annual
Temperature (°C)

12

The Average Annual Temperature (°C)
Total Annual Precipitation (mm)

35

1200

Kizilirmak (705 m)

Total Annual Precipitation (mm)

14
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Months (2002-2013)

FIGURE 2 - Annual average and monthly average temperature (°C) and precipitation (mm) figures for Kizilirmak (upper figures), Ilgaz
(middle figures) and Yaprakli (bottom figures).

Taurus cedar seedlings vary between 58-66%. One of the
most successful Taurus cedar origins is Konya-ErmenekDamlacali/Guveycali according to results of a study carried
out in Ankara, Ilyakut region [62]. It is thought that the
seed origin of Taurus cedar seedlings planted in this study
may be the reason of desired ratios of survival.
3.5 Diameter Growth

Average diameter growths of Black pine and Taurus
cedar seedlings planted in Kizilirmak, Ilgaz and Yaprakli

plots after planting and their comparison results between
2003 and 2013 are given in Table 3.
Table 3 shows that during two years after planting
(2003 and 2004), the average root collar diameter increment of Black pine seedlings at Kizilirmak plot is significantly lower than the seedlings at Ilgaz and Yaprakli. Average root collar diameter increment of Black pine seedlings at Ilgaz plot is not significantly different from the average root collar diameter at Yaprakli plot. In 2005, all average root collar diameter increments of Black pine seed-
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TABLE 2 - Comparison of the average survival ratios (%) of Pinus nigra and Cedrus libani saplings at various years with ANOVA and Tukey’s-b
that have been planted at Kizilirmak, Ilgaz and Yaprakli in 2002.
Survival Ratios (%)
±Standard Error

Interaction

Species

Site

F(2,12)
P

F(1,12)
P

F(2,12)
P

69.33
98.67
96.00
84.00
88.00
89.33
11.95
1.33 a
1.33 b
2.31 b
2.31 A
2.31 A
1.33 A
0.001
65.33
93.33
88.00
78.67
84.00
85.33
12.03
2004
1.33 a
1.33 b
2.31 b
3.53 A
2.31 A
1.33 A
0.001
62.67
89.33
86.67
73.33
78.67
81.33
10.93
2005
1.33 a
1.33 b
1.33 b
3.53 A
3.53 A
1.33 A
0.002
61.33
89.33
86.67
73.33
78.67
81.33
12.17
2006
1.33 a
1.33 b
1.33 b
3.53 A
3.53 A
1.33 A
0.001
61.33
88.00
84.00
73.33
77.33
80.00
10.83
2007
1.33 a
2.31 b
2.31 b
3.53 A
2.67 A
0.00 A
0.002
57.33
85.33
84.00
72.00
72.00
74.67
10.89
2008
2.67 a
1.33 b
2.31 b
4.62 A
4.00 A
2.67 A
0.002
54.67
84.00
77.33
68.00
66.67
69.33
19.37
2009
2.67 a
0.00 b
2.67 b
2.31 A
2.67 A
3.53 A
0.000
53.33
80.00
78.67
68.00
65.33
69.33
16.34
2010
2.67 a
2.31 b
1.33 b
2.31 A
3.53 A
3.53 A
0.000
49.33
78.67
78.67
58.67
65.33
66.67
19.59
2011
1.33 a
1.33 b
1.33 b
1.33 A
3.53 AB
2.67 B
0.000
49.33
78.67
78.67
58.67
64.00
66.67
18.54
2012
1.33 a
1.33 b
1.33 b
1.33 A
4.00 AB
2.67 B
0.000
49.33
78.67
78.67
57.33
64.00
66.67
16.58
2013
1.33 a
1.33 b
1.33 b
1.33 A
4.00 AB
2.67 B
0.000
Different letters (including small and capital letters) show significant difference among averages (=0.05)
*K: Kizilirmak **I: Ilgaz ***Y: Yaprakli

5.00
0.045
0.24
0.634
2.31
0.155
1.77
0.209
0.94
0.352
2.08
0.175
5.63
0.035
3.16
0.101
13.04
0.004
13.26
0.003
15.02
0.002

20.18
0.000
29.12
0.000
29.79
0.000
31.90
0.000
23.71
0.000
12.75
0.001
18.13
0.000
14.82
0.000
51.31
0.000
44.20
0.000
47.37
0.000

Years

Pinus nigra
K*

I**

Cedrus libani
Y***

K*

I**

Y***

2003

TABLE 3 - Comparison results of root collar diameter growth of seedlings of Black pine (Pinus nigra) and Taurus cedar (Cedrus libani) planted
at Kizilirmak, Ilgaz and Yaprakli sites after various years after planting in 2002.
Root Collar Diameter Growth After Planting (mm)
±Standard Error
Years

Pinus nigra
K*

I**

Cedrus libani
Y***

K*

I**

Y***

Interaction

Species

Location

F(2,12)
P

F(1,12)
P

F(2,12)
P

1245.29
0.000
3038.00
0.000
9271.29
0.000
1545.51
0.000
1739.31
0.000
289.68
0.000
206.17
0.000
162.91
0.000
46.58
0.000
84.62
0.000
122.46
0.000

375.16
0.000
14.04
0.001
553.59
0.000
721.91
0.000
518.13
0.000
349.82
0.000
214.96
0.000
138.39
0.000
230.82
0.000
221.27
0.000
175.45
0.000

0.86 a
1.88 b
1.96 b
2.20 A
2.41 B
2.41 B
166.22
0.02
0.02
0.02
0.01
0.01
0.01
0.000
3.56 a
3.75 b
3.88 b
5.23 A
5.18 A
4.74 B
100.71
2004
0.02
0.01
0.03
0.02
0.04
0.04
0.000
5.63 a
5.81 b
5.96 c
7.21 A
8.89 C
7.91 B
392.56
2005
0.05
0.03
0.02
0.01
0.02
0.02
0.000
6.79 a
8.96 b
8.85 b
9.00 A
11.10 C
10.13 B
39.77
2006
0.03
0.01
0.01
0.02
0.07
0.07
0.000
10.58 a
12.98 b
13.44 c
13.95 A
16.33 C
14.54 B
145.37
2007
0.09
0.05
0.06
0.07
0.10
0.08
0.000
15.14 a
18.16 b
18.52 b
17.40 A
20.59 C
19.04 B
35.75
2008
0.11
0.11
0.17
0.15
0.10
0.07
0.000
23.36 a
25.61 b
26.07 b
24.71 A
29.04 C
27.07 B
19.86
2009
0.19
0.20
0.24
0.20
0.23
0.26
0.000
28.36 a
34.44 b
35.02 c
33.64 A
29.42 C
36.60 B
14.76
2010
0.42
0.35
0.38
0.21
0.52
0.33
0.001
32.00 a
39.83 b
42.09 b
34.55 A
45.93 B
41.65 b
22.14
2011
0.38
0.55
0.47
0.43
0.51
0.57
0.000
43.12 a
54.03 b
56.99 b
47.76 A
63.00 C
59.33 B
11.27
2012
0.51
0.88
0.73
0.58
0.79
0.68
0.001
57.50 a
70.76 b
75.16 b
66.00 A
84.25 C
79.26 B
11.91
2013
1.18
1.01
0.81
0.76
1.05
0.90
0.001
Different letters show significant difference among averages (=0.05) *K: Kizilirmak **I: Ilgaz ***Y: Yaprakli
2003
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Table 3 also shows that there were significant differences among the average root collar diameter increments
of Taurus cedar seedlings in 2003 and average diameter increment at Kizilirmak plot was significantly different and
lower than the averages at Ilgaz and Yaprakli plots. In
2004, average root collar diameter increments at Kizilirmak and Ilgaz plots were similar and there was not any significant difference between them. However, the average
root collar diameter increment of Taurus cedar seedlings at
Yaprakli plot was significantly different and higher than
the averages at Kizilirmak and Yaprakli plots. In the years
between 2005 and 2013, the average root collar diameter
increment at Kizilirmak was the lowest and significantly
different from the averages at the other two plots. Also,
there was a significant difference between the average root
collar diameter increments at Ilgaz and Yaprakli plots and
average at Ilgaz plot was significantly higher than the average at Yaprakli plot (Table 3). The average root collar
diameter was between 5.2 and 5.42 mm at the 5th year after
an afforestation with bare rooted Taurus cedar [53]. In this
study, the average root collar diameter increments were between 14 and 16 mm at 5 years after planting. It is thought
that this difference may be a result of planting tubed Taurus
cedar seedlings.

lings were found to be significantly different from each
other and the least average diameter increment was at Kizilirmak plot while the highest average diameter increment
was at Yaprakli plot. In 2006, the average root collar diameter increment of Black pine seedlings at Kizilirmak plot
were significantly lower than Ilgaz and Yaprakli plots. Average root collar diameter increments at Ilgaz and Yaprakli
plots were alike and there was no significant difference between them. In 2007, all average root collar diameter increments of Black pine seedlings were found to be significantly different from each other and the least average diameter increment was at Kizilirmak plot while the highest
average diameter increment was at Yaprakli plot like in
2005. However, in 2008, 2009 and 2010, the average root
collar diameter increment of Black pine seedlings at Kizilirmak plot were significantly lower than Ilgaz and
Yaprakli plots while there was not any significant difference between the average root collar diameter increments
of Black pine seedlings at Ilgaz and Yaprakli plots. In the
latter years, the lowest average root collar diameter increment was found at Black pine seedlings at Kizilirmak plot
and was significantly lower than the averages at Ilgaz and
Yaprakli plots. Also, there was not any significant difference between the averages of root collar diameter increments of Black pine seedlings at Ilgaz and Yaprakli plots.
Average root collar diameter of bare rooted Black pine afforestation study was 20.8 mm 5 years after planting in a
study carried out in Corum [53]. In this study, root collar
diameters were between 10.5 and 13.5 mm, and lower than
Ertekin and Ozel [53]’s results.

Results regarding to the average root collar diameter increments, averages of Black pine seedlings at Kizilirmak
plot was significantly lower than averages at Ilgaz and
Yaprakli, and averages of Ilgaz and Yaprakli were mostly
similar and there was not any significant difference between

TABLE 4 - Comparison results of height growth of seedlings of Black pine (Pinus nigra) and Taurus cedar (Cedrus libani) planted at Kizilirmak,
Ilgaz and Yaprakli sites after various years after planting in 2002.
Height Growth After Planting (mm)
±Standart Error
Years

Pinus nigra
K*

I**

5.87 a
6.57 a
0.33
0.27
13.27 a
13.40 a
2004
0.85
0.15
21.37 a
21.47 a
2005
0.15
0.20
32.80 a
35.53 b
2006
0.47
0.59
46.21 a
53.23 b
2007
0.46
0.64
62.92 a
75.48 b
2008
1.07
0.90
81.45 a
106.41 c
2009
1.38
1.22
95.91 a
126.44 c
2010
0.82
1.51
105.10 a
155.79 c
2011
1.05
1.72
131.31 a
211.16 c
2012
0.64
1.95
160.28 a
248.71 b
2013
0.37
2.59
*K: Kizilirmak **I: Ilgaz ***Y: Yaprakli
2003

Cedrus libani

Interaction

Species

Location

Y***

K*

I**

Y***

F(2,12)
P

F(1,12)
P

F(2,12)
P

6.67 a
0.27
12.50 a
0.23
21.57 a
0.29
31.97 a
0.43
47.71 a
0.57
67.24 a
0.81
94.78 b
1.07
116.00 b
1.05
139.10 b
0.88
188.99 b
0.58
249.69 b
1.17

8.67 A
0.12
19.17 A
0.23
28.13 A
0.03
36.67 A
0.55
52.10 A
0.54
67.53 A
0.68
87.59 A
0.98
98.01 a
1.48
110.32 a
1.10
139.00 A
0.66
170.71 A
0.34

8.40 A
0.15
21.17 B
0.12
35.00 B
0.55
51.27 B
0.50
73.18 B
0.71
94.51 B
0.85
129.89 B
1.20
151.43 A
1.29
172.65 A
1.46
214.37 B
1.48
261.52 B
2.26

8.70 A
0.25
22.00 B
0.42
35.93 B
0.71
51.70 B
0.57
73.50 B
0.86
95.59 B
1.28
130.94 B
1.73
162.51 B
1.15
184.51 B
1.63
226.59 C
3.05
271.44 C
3.56

1.87
0.196
9.32
0.004
54.36
0.000
125.76
0.000
127.23
0.000
79.23
0.000
68.34
0.000
160.20
0.000
118.14
0.000
52.46
0.000
4.10
0.044

106.38
0.000
514.40
0.000
1253.30
0.000
952.39
0.000
1079.66
0.000
499.05
0.000
434.26
0.000
586.47
0.000
419.46
0.000
209.82
0.000
77.56
0.000

1.25
0.322
4.23
0.041
59.24
0.000
157.56
0.000
271.80
0.000
245.77
0.000
394.02
0.000
768.87
0.000
1128.20
0.000
1401.78
0.000
1310.55
0.000
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them. Average root collar diameter increment of Taurus cedar seedlings after planting at Kizilirmak plot was the lowest increment among the plots like Black pine. The highest
average of root collar diameter increment of Taurus cedar
was at Ilgaz plot (Table 3).
3.6 Height Growth

Average height growths of Black pine and Taurus cedar
seedlings planted in Kizilirmak, Ilgaz and Yaprakli plots after plantation and their comparison results between 2003 and
2013 are given in Table 4.
Table 4 shows that the average height increments of
Black pine seedlings at Kizilirmak, Ilgaz and Yaprakli
plots were similar and there were not any significant difference among them between 2003 and 2005. In between
2006 and 2008, there were not any significant difference
between the average height increments of Black pine seedlings at Kizilirmak and Yaprakli plots, but the averages at
these two plots were significantly different and lower than
the average height increment of Black pine seedlings at Ilgaz. In 2009, there were significant difference among the
average height increments at all three plots, and average
heights were 81.45, 97.78 and 106.41 cm at Kizilirmak, Ilgaz and Yaprakli plots respectively. This ranking keeps the
latter years. In a study carried out with bare rooted Black
pine seedlings in Corum, the average seedling height was
44.4 cm at 5 years after planting [53]. In this study, the average height increments were between 46 and 53 cm, and
the reason of this slight difference may be tubed seedlings
planted in our study. In another study, an origin trial in a
semiarid area in Turkey, average height was 110 cm at the
origin of Bursa, Kemal Pasha at 9th year of planting [5455]. In our study, average heights of Black pine seedlings
at three plots were between 105 and 155 cm.
Table 4 also shows that there were not any significant
differences among the height increment of Taurus cedar
seedlings after planting (2003) at all plots. In between 2004
and 2009, the average height increment of Taurus cedar
seedlings at Kizilirmak plot was significantly different and
lower than the average height increments of Ilgaz and
Yaprakli plots. However, there was not any significant difference between the average height increments at Ilgaz and
Yaprakli plots. In 2010 and later years, the average height
increments were significantly different at all three plots.
The highest average height increment was at Yaprakli plot
and the lowest height increment was at Kizilirmak plot. In
a study carried out with bare rooted Taurus cedar seedlings
in Corum, the average seedling height was between 19.9
and 24.5 cm at 5 years after planting [53]. In this study, the
average height increments of Taurus cedar seedlings at three
plots were between 52-73 cm and it is thought that the reason
of this difference may be tubed seedlings planted in our
study. In another study, 10 different arid Taurus cedar plots,
86.9 cm of average height was measured at 6 years after
planting [55] and this height is similar to the height increments of this study after 6 years (67-95 cm). In another study
carried out in Ankara and Konya with 1+0 aged tubed Taurus

cedar seedlings, heights were between 63.1 and 121.6 cm
after 20 years of plantation [63]. This shows that the seedlings in this study developed better height increment even
in 11th year (170-271 cm) than Taurus cedar seedlings
planted in Ankara and Konya by Simsek et al. [63]. It is
resulted that seedling type and species do not affect the
field performances of the seedlings of Taurus cedar and
Black pine in another study in Eskisehir region [64]. In
contrast, our results show that species has a significant effect on the field performance of the seedling.
4. CONCLUSION
The results of this study suggest that survival ratios of
Black pine and Taurus cedar seedlings are significantly different and this is also related to plantation site. The survival
ratio of Taurus cedar is significantly different and higher
that Black pine seedlings at Kizilirmak plot, however, the
survival ratios of Black pine seedlings are significantly
higher than Taurus cedar at Ilgaz and Yaprakli plots. The
lowest root collar diameter increment of Black pine seedlings was determined at Kizilirmak plot and significantly
different from Yaprakli and Ilgaz plots which the average
root collar diameter increments were not significantly different from each other. The average root collar diameter
increments of Taurus cedar seedlings at Yaprakli and Ilgaz
plots are similar and significantly higher than the average
of Kizilirmak plot. In the latter years, the average root collar diameter increment of Taurus cedar seedlings at Ilgaz
plot became significantly different from the average at
Yaprakli plot. Results also show that the average height of
Taurus cedar seedlings increase more than Black pine seedlings, and site affects the height increment of the seedlings.
The effect of site on seedling height becomes apparent a few
years after planting; however the site effect becomes apparent at Black pine a few years later than Taurus cedar. In conclusion, results show that Taurus cedar may be more suitable
for plantations in Kizilirmak; however Black pine would be
more suitable for plantations in Ilgaz and Yaprakli with regard to survival ratio, diameter and height increment.
The right species for planting is one of the most important factors affecting the success of afforestation studies. Using local, natural and already adapted species in areas with aridity, desertification and heavy erosion risks
while protecting the existing vegetation is a must for successful afforestation studies. In the various areas in Central
Anatolia, Turkey, existence of certain species such as
Quercus pubescens, Q.cerris, Pyrus eleagnifolia, Cistus
laurifolius is an evidence indicating Black pine existed but
destroyed in the past. Thus, it is thought that afforestation
studies with aridity-resistant origins of Black pine which is
a native species should be better in such areas. In this way,
a quick afforestation would be implemented and genetic
diversity in the area would be conserved. It is concluded
that tubed Black pine (1+0) and Taurus Cedar (2+0) seedlings which are mostly used currently in anthropogenic
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steppe and arid-semiarid areas in Turkey, from appropriate
origins, may be used in the afforestation studies in Central
Anatolia (i.e., Kizilirmak, Ilgaz and Yaprakli).
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CYTOCHROME P450, CYP1A, 1B1 AND
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ABSTRACT
CYP1 family genes are the most well-studied CYP
genes in vertebrates; however, information on CYP1 genes
in Javanese medaka is relatively scarce. In this study, we
reported on the CYP1 mRNAs expression patterns as a result of exposure to two kind of oil polluted waters, such as
water accommodated fraction and bioremediation of heavy
fuel oil in Javanese medaka adults and embryos. The results
indicated that adult Javanese medaka CYP1A; CYP1B1 and
CYP1C1 transcripts were all detected in the liver exposed to
water-accommodated fraction of heavy fuel oil. CYP1A and
CYP1B1 transcripts were the most highly expressed in the
gill, while the highest expression found in the liver and
down-regulated in the gill for CYP1C1. Expression of the
CYP1 genes in embryos 10 days post-fertilization through
bioremediation of heavy oil-polluted seawater indicated that
the CYP1A transcripts were detected in all the treatments,
while CYP1B1 and CYP1C1 expression were down-regulated. The developmental variations of CYP1 genes expression suggest a molecular mechanism for the stage-specific
susceptibility of the fish exposed to different routes of heavy
fuel oil and may be useful biomarkers for oil-contaminated
water.

KEYWORDS:
Cytochrome P450, CYP1 family, Javanese medaka, heavy fuel oil,
water-accommodated fraction (WAF), bioremediation

1. INTRODUCTION
The cytochrome P450 (CYP) superfamily is found in
nearly all organisms, including animals, plants, fungi,
lower eukaryotes and bacteria [9, 57]. Cytochrome P450 is
* Corresponding author

widely used as an indicator of exposure to environmental
contaminants [35] because CYP proteins play a critical role
in the oxidative metabolism of endogenous compounds and
xenobiotic (exogenous) compounds, including pharmaceuticals and environmental toxins [24]. The cytochrome
CYP1 family consists of four known subfamilies of vertebrate species (CYP1A, CYP1B, CYP1C and CYP1D), but
only CYP1A and CYP1B enzymes appear to be present in
all vertebrates and have been studied the most. Mammalian
species contain only the CYP1A and CYP1B subfamilies,
while the CYP1C subfamily has only been detected in nonmammalian vertebrates [32]. Mammals have two CYP1A
genes (CYP1A1 and CYP1A2), while most fish have a single
CYP1A gene [32].
Javanese medaka (Oryzias javanicus) is one of more
than 14 species belonging to the genus Oryzias, which is
distributed in the estuarine regions of Southeast Asia [42,
46]. Medaka is used as an experimental test fish because it
has several advantages, including its ability to adapt to different environmental conditions. Therefore, the fish has
been widely used in assessing environmental risk, toxicity
testing for new pollutants in various environments, biological response testing and sensitive molecular biomarkers
testing [47, 74].
Well-suited to using medaka as experimental test fish,
the problems associated with petroleum pollution of the
marine environment have received much attention lately.
The rapid increase in the demand for and utilization of petroleum and petrochemicals has resulted in a steadily increasing level of petroleum contamination of marine and
estuarine water. Heavy fuel oil products, for example, have
been reported to contain several toxic organic and inorganic components, such as polycyclic aromatic hydrocarbons, and metals such as iron, vanadium, sodium, nickel,
chromium and other metals present in small amounts [6,
40, 73], which constitute a significant health risk to both
people and other organisms. Further, the ingestion of petroleum hydrocarbon has been reported to induce oxidative
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stress [70] through the generation of free radicals [1],
which leads to lipid peroxidation [36] that damages critical
cellular macromolecules, such as DNA, lipids and proteins
[11, 61, 64]. Heavy fuel oil also has caused an increased
prevalence of morphological abnormalities, reductions in
growth and recruitment caused by blue sac disease (BSD)
in fish with symptoms of edema, hemorrhaging, deformities and induced CYP1A enzyme [51].
Expression patterns of CYP1 genes in fish could become useful biomarkers in environmental monitoring [43].
Although information on mRNA expression of CYP1 family is lacking in Javanese medaka, the fish is extensively
used in toxicology testing and bio-monitoring; therefore, it
is important to study the physiological functions, tissue distribution and metabolic capacity of the CYP1 genes in
medaka fish. In this study, we reported on the CYP1 mRNAs
expression patterns as a result of exposure to two kind of oil
polluted waters, such as water accommodated fraction and
bioremediation of heavy fuel oil in Javanese medaka adults
and embryos.
2. MATERIALS AND METHODS
2.1 Animal and cultivation conditions

Javanese medaka (Oryzias javanicus) was cultured in
the aquarium facility at the Education and Research Center
for Marine Resources and Environment Laboratory, Faculty
of Fisheries, Kagoshima University. Before the experiment,
Javanese medaka fish were acclimatized to the experimental
conditions for one week, during which they were fed Artemia twice daily, and all fish were feeding well at treatment
initiation. Natural seawater (33±1 ppt) was used for all the
experiments. The water temperature was kept at 26±1oC.
Water pH value ranged from 7.4±0.5. The experimental systems were continuously aerated to ensure that the dissolved
oxygen levels were adequately maintained.
2.2 Effect of water-accommodated fraction (WAF) of heavy fuel
oil on adult medaka

Fish used in the experiments were randomly collected
from the holding tank without selection for sex. Heavy fuel
oil (bunker C) was used in the experiment. The water-accommodated fraction of heavy fuel oil was prepared by introducing the rate of 1 g oil to 1 L of sand-filtered seawater
in a 30-L glass beaker. Oil and seawater were stirred in the
glass beaker for 23 hours at 300 rpm, after which the beaker
was settled to separate oil and seawater. The seawater
phase, which contained the 100% of WAF of fuel oil, was
siphoned from the bottom of the beaker for the experiment.
Ten adult fish per group were exposed to the control (seawater only) or 100% WAF of heavy fuel oil for 24 h in a
4-L aquarium. Tissue samples (intestine, liver and gill)
were collected for total RNA extraction or were stored at 80oC until further analysis. Sixteen priority polyaromatic
hydrocarbons dibenzothiophene and polyaromatic hydrocarbons (PAHs) concentration were measured according to
the method described previously [68].

2.3 Effect of bioremediation of heavy fuel oil-polluted seawater
on Javanese medaka embryos

The experimental system for bioremediation of heavy
fuel oil-polluted seawater was designed using a PVC pipe
covered with a bulkhead at one side. A three-layer sediment was constructed at the bottom of the pipe (1 kg of big
glass beads, 1 kg of small glass beads and 1 kg of coral
sands). The experiment consists of three treatments. In the
control treatment (C), we added 1.5 L sand-filtered seawater and 0.51 g/L slow-release fertilizer into the pipe. In
the second treatment (P), we added 1.5 L sand-filtered seawater and 30 g heavy fuel oil into the pipe. In the third
treatment (PF), we added 1.5 L sand-filtered seawater, 0.51
g/L slow-release fertilizer and 30 g of heavy fuel oil. The
experimental systems were continuously aerated to ensure
that the dissolved oxygen levels were adequately maintained. The water inside the pipes was replaced everyday
and replaced waters were used for the exposure experiment. The water quality parameters were maintained at DO
(5±1 mg/L), pH (8.31±0.2) and temperature (26±1.5oC).
Slow-release fertilizer used in the experiment is Osmo
Coat from Hyponex Japan Corp., Ltd (Japan), and it contains PO43--P (14%), NO3--N (14%), NO4+-N (14%) and
K+ (14%). Thirty Javanese medaka embryos 10 days postfertilization were introduced to three petri dishes (10 embryos/ dish) containing 10 mL of water obtained from
each treatment and were exposed to the water for 48 h.
Embryos were sampled from the treatments for total RNA
extraction or were stored at -80oC until further analysis.
Sixteen priority polyaromatic hydrocarbons dibenzothiophene and polyaromatic hydrocarbons (PAHs) concentration were measured according to the method described
previously [68].
2.4 Reverse transcription, primer design and real-time PCR

Cytochrome P450, CYP1A, 1B1 and 1C1 in Javanese
medaka (Oryzias javanicus) was cloned previously in our
laboratory [66, 67]. Total RNA was isolated from the fish
tissues and embryos using QuickGene RNA Tissue Kit S
II (RT-2) (Fujifilm, Japan) according to the manufacturer
instruction. Reverse transcription of mRNA was performed
with PrimeScript™ 1st strand cDNA Synthesis Kit (Takara
Bio, Japan) following the supplier protocol. Gene-specific
primers for the CYP1 genes and β-actin, as an internal control
gene, were designed by the web-based software Primer3Plus
[2] with a product size between 50-150 bp, Tm ranging from
57-63oC and all the default parameters (Table 1). Real-time
PCR was performed using FastStart Essential DNA Green
Master Kit and a LightCycler® Nano system (Roche Applied
Science). For each sample, gene expression was analyzed in
triplicate with the following protocol: initial holding at
95oC for 10 min, 3-step amplification in 45 cycles (95oC
for 10 sec, 60oC for 10 sec, 72oC for 15 sec), holding stage
at 95oC for 30 sec, and melting at 60oC for 20 sec and, 95oC
for 20 sec. Melt curve analysis was performed at the end of
each PCR run to assure that the single product was amplified. The 2-Ct method [49] was used to compare the expression levels of the different CYP1 within a given organ
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TABLE 1 - Oligonucleotide primers used for real-time PCR analysis
Primer name
Java_CYP1A 1F
Java_CYP1A 2R
Java_CYP1B 1F
Java_CYP1B 2R
Java_CYP1C 1F
Java_CYP1C 2R
Java_actin 1F
Java_actin 2R

Location
1163-1182
1269-1288
1188-1207
1301-1320
1244-1263
1362-1381
346-365
447-466

Primer sequences (5'-3')
CATTCACAATCCCACACTGC
ATGGATCCTGCCACAGTTTC
GAGCTACACCATCCCCAAGA
CTTGTTCAGCTTCCCCTCTG
ACCAGTTCTCCGTCAACCAC
GCCGTTTACCTGTGGAGAAA
AGGGAGAAGATGACCCAGAT
CAGAGTCCATGACGATACCA

GenBank Accession number
KJ689303
KJ689304
KJ689305
JQ905607

and, using β-actin as a reference gene to calculate changes
in fold-induction in response to experimental conditions.
2.5 Statistical analysis

Statistical analysis differences between treatments,
and genes in each tissue were determined by one-way analysis of variance (ANOVA) followed by Tukey-Kramer’s
Multiple Comparison Test (p<0.05) using Super ANOVA
software (Abacus Concepts, Berkeley, CA).
3. RESULTS AND DISCUSSION
3.1 Expression of CYP1 genes by water-accommodated fraction (WAF) of heavy fuel oil on adult medaka

To evaluate the organ distribution of CYP1 genes induction, fish were exposed to water-accommodated fraction (WAF) of heavy fuel oil for 24 hours. This concentration of WAF had no obvious effect on behavior or mortality of adult fish. Total polyaromatic hydrocarbons concentration of 100% WAF of heavy fuel oil just after and 24 h
after preparation were 35.9 µg/L and 0.125 µg/L, respectively. PAHs concentrations had decreased sharply (287fold compared with the level at the beginning of preparation). In the control group, PAHs concentration of 100%
WAF of heavy fuel oil just after and 24 h after preparation
were 0.087 µg/L and 0.112 µg/L, respectively.
Javanese medaka CYP1A, CYP1B1 and CYP1C1
transcripts were all detected in the liver (Fig. 1). For
CYP1A, the highest and lowest levels of expression were
found in the gill and intestine, respectively (gill>liver>intestine; Fig. 1A). For CYP1B1, the highest expression
found in the gill, the expression in liver and intestine were
similarly lower than gill (Fig. 1B). The CYP1C1 transcript
was the most highly expressed in the liver and down-regulated in the gill and intestine (Fig. 1C).
The expression levels of the three CYP1 genes were
also compared within an organ (Fig. 2). The liver showed
a considerably higher expression of CYP1A than other
CYP1 genes (Fig. 2A). In the gill, CYP1A was the most
highly expressed and CYP1C1 was down-regulated (Fig.
2B), and in the intestine CYP1B1 was the highest expression, while the CYP1A and CYP1C1 expressions were
down-regulated (Fig. 2C).

FIGURE 1 - Relative basal expression of the cloned Javanese medaka
CYP1 transcripts exposed to 100% WAF of heavy fuel oil presented
as comparisons of a gene among organs. The mRNA levels were evaluated by real-time quantitative PCR and are expressed relative to βactin expression. Each histogram represents the mean fold change
relative to the control ± SD of triplicate experiments. Difference
within each bar graph was determined by one-way analysis of variance (ANOVA) followed by Tukey-Kramer’s Multiple Comparison
Test (mean ± SD, p<0.05). Different letters indicate a statistically significant difference.
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FIGURE 2 - Relative basal expression of the cloned Javanese medaka
CYP1 transcripts exposed to 100% WAF of heavy fuel oil presented
as comparisons of among genes within an organ. The mRNA levels
were evaluated by real-time quantitative PCR and are expressed relative to β-actin expression. Each histogram represents the mean fold
change relative to the control ± SD of triplicate experiments. Difference within each bar graph was determined by one-way analysis of
variance (ANOVA) followed by Tukey-Kramer’s Multiple Comparison Test (mean ± SD, p<0.05). Different letters indicate a statistically
significant difference.

In the current study, we evaluated the effects of WAF
of heavy fuel oil-inducible CYP1 mRNAs (CYP1A, 1B1
and 1C1) in Javanese medaka. The induced CYP1 expression patterns determined oil WAF-exposed medaka varied
in the organs examined, suggesting that the three genes
have tissue-specific regulation and possibly different functions. A previously study showed that the highest expression rate of the CYP1 genes from the fish transcripts in re-

sponse to 1% heavy fuel oil-contaminated feed were observed in the intestine organ [66, 67]. The induction of the
CYP1 genes in liver in the study may reflect functions associated with the role of the organ in processing body waste
products, i.e. detoxification of endogenous metabolites and
providing a defense mechanism against the pollutants entering from the external environment [56].
The induction of CYP enzymes in fish liver was first
seen as indicator of aquatic contamination in the 1970s [59,
77]. Since then, many studies have shown that CYP genes
in vertebrate liver are strongly induced by some organic
contaminants that represent risk for human and wildlife
[13, 77]. The results of this study are consistent with previous findings in zebrafish, killifish and mice, where basal
expressions of the CYP1 genes were high in the liver [22,
44, 77]. The highest expression of the CYP1A among the
three CYP1 genes was observed in the liver of Javanese
medaka may reflect functions associated with the role of
the organ in detoxification of endogenous metabolites.
Other research indicated that CYP1A play an important role
in eliminating endogenous AHR ligands [56]. The stronger
expression of CYP1A than of CYP1B1 and CYP1C1 in
medaka liver also agrees with the relative expression of
CYP1A and CYP1B1 observed in the human liver [22]. Expression of CYP1 genes has been investigated in zebrafish;
CYP1A appears to have higher expression in the liver compared to CYP1B1, 1C1, 1C2 and 1D1 [33, 44].
Mechanisms of crude oil toxicity are generally separated into two categories: coating of organisms by heavy,
viscous components and in the case of fish, by accumulation and metabolism of dissolved components. Oil may
also coat and absorb into fish gills, thus limiting the rate of
oxygen uptake. Oil can also be ingested, usually indirectly,
and this can be poisonous to fish and wildlife [76]. In the
current study, CYP1A was the most highly expressed in the
gills of Javanese medaka exposed to WAF of heavy fuel
oil. Heavy fuel oil contains a variety of compounds with
toxicity and an ability to induce CYP1A in fish. Polycyclic
aromatic hydrocarbons (PAH) are the main toxic component of oil. Many PAHs found in crude oil are potent
CYP1A inducers [7, 28]. The results indicated that CYP1A
induction is very sensitive and requires exposure to only
small amounts of the pollutant. In addition to PAHs, several other xenobiotics are also known to induce CYP1A expression [23]. The CYP1A protein is one of the mixed
function oxygenase (MFO) enzymes, which are part of the
heme super-family of monooxygenases involved in the metabolism and excretion of xenobiotics [15]. Exposure to
heavy fuel oil has also been shown to induce CYP1A enzymes and cause chronically toxic effects in aquatic organisms. The induction of CYP1A refers to the increased synthesis of CYP1A protein in response to exposure PAH and
similar compounds, and CYP1A enzymatic activity contributes to the oxygenation and excretion of PAH. Alkylated PAH may more readily interact with the arylhydrocarbon receptor (AhR). This interaction can lead to increased
CYP1A activity [10, 72], increased production of reactive
metabolites [71], and increased oxidative stress [8].
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To our knowledge, the results with CYP1B1 and
CYP1C1 are the first to show induction of these genes from
Javanese medaka gills by WAF of heavy fuel oil. The findings showed that WAF of heavy fuel oil caused an induction of CYP1B1 in medaka gill, but CYP1C1 gene expressed in the organ was down-regulated. CYP1B1 transcripts were induced in gills of PS zebrafish exposed to
βNF and PCB126 [44]. The CYP1C genes were only recently described and little is known about their functions.
CYP1Cs have been identified in fish, frogs and birds, but
not in mammals [30, 32, 77]. CYP1C1 and CYP1C2 were
the most highly expressed in the brain and kidney of the
stickleback, zebrafish and killifish [29, 44, 77]. In zebrafish,
a high CYP1C expression was also observed in the eye and
heart [44]. In stickleback, CYP1C2 showed no induction in
the gills [29]. Taken together, the results in fish suggest that
the CYP1Cs could have particular functions in the brain,
kidney, eye and heart of fish.
In the fish intestine it has been demonstrated that homeostasis and structural features may be disturbed by dietary factors [53, 62], dietary restriction [5, 52] and exposure to xenobiotics [27, 50]. The intestinal tract is a complex organ with functions related to digestion, absorption,
endocrine regulation of digestion and metabolism, water
and electrolyte balance and immunity [14]. Inhibition or
stimulation of proliferation could be the first sign of abnormality in the intestinal tract and is often used as an early
warning biomarker [38, 58].
The results of the study showed that, in the intestine,
CYP1B1 was the highest expression, while the CYP1A and
CYP1C1 expression were down-regulated in Javanese
medaka exposed to WAF of heavy fuel oil. CYP1B1 was
first cloned in plaice Pleuronectes platessa; it was found
expressed in gills and not inducible by βNF [48]. More recently, CYP1B1 and 1B2 were characterized in carp (Cyprinus carpio), where they are constitutively expressed and
induced by PAHs in the gills and, for CYP1B1, also in the
intestine and liver [25, 26]. These findings indicate an elevated complexity about the presence and regulation of
CYP1B in fish, highlighting the importance of additional
studies on this system and in the activation of several PAHs
to carcinogenic metabolites [63]. This finding is supported
by other studies on CYP1A gene induction in the intestine
organ [17, 34, 60]. The lack of CYP1A gene response in
Javanese medaka intestine might suggest a lower uptake of
WAF of heavy fuel oil by the tissue.
The result of the study showed that the CYP1C1 expression was down-regulated in Javanese medaka intestine
exposed to WAF of heavy fuel oil. The vertebrate CYP1C
family was first identified and described by Godard et al.
(2005) in the scup liver and kidney [30]. Studies on the expression of CYP1C1 and CYP1C2 in the intestine, gills,
liver and kidney of carp have showed the CYP1C induced
expression only in the gills and kidney, respectively [41,
45]. CYP1 family genes are either basally expressed or inducible by xenobiotics throughout the development in

many tissues in zebrafish and mice [44], and mice [21], and
the genes play roles in tissue patterning and humans. The
results suggest that in intestine, CYP1B1 is more sensitive
to WAF of heavy fuel oil induction than CYP1A and
CYP1C1. These data confirm that the CYP1B1 from Javanese medaka are involved largely in the fish intestine,
whereas CYP1A and CYP1C1 play only a minor role in the
organ.
3.2 Expression of CYP1 genes by bioremediation of heavy oilpolluted seawater on Javanese medaka embryos

This study examined the potential of bioremediation
technologies to clean-up oil-contaminated seawater and to
minimize the damage it causes. Bioremediation is one technique that may be useful for removing oil-contamination
under certain geographic and climatic conditions [3]. For
the purpose of this effort, bioremediation is defined to include the use of nutrients to enhance the activity of indigenous organisms and/or the addition of naturally occurring,
non-indigenous microorganisms [4]. Effective bioremediation requires nutrients to remain in contact with the oiled
material, and the concentrations should be sufficient to
support the maximal growth rate of the oil-degrading bacteria throughout the cleanup operation [75]. In the present
study, we added slow-release fertilizer to the C and PF
treatments to provide nutrients for oil-degrading bacteria.
In the treatment PF, we also added sediments at the bottom
of the bioremediation system to provide on-scene coordinators and other decision-makers with the latest information on evolving technologies that may be applicable for
use in responding to an oil-contaminated environment.
In the present study, we researched on the expression
of the CYP1 genes in embryos at 10 days post-fertilization
exposed to the water from the C, P or PE treatments for 48
hours. The result showed that Javanese medaka CYP1A
transcripts were detected in embryos of medaka in all treatments (Fig. 3A), while CYP1B1 and CYP1C1 expression
were down-regulated in the organ in all treatments (Fig.
3B-C). In all treatments, CYP1A tended to show a slight
increase, although this was not significant in either treatment (p>0.05) (Fig. 4A-C). The CYP1B1 and CYP1C1 expression were basically similar in Javanese medaka embryos
exposed to the water in all treatments. Total PAHs concentration in the C, P and PF treatment was 0.131±0.033 µg/L
(mean ± standard error), 1.05±1.208 µg/L and 0.426±
0.288 µg/L, respectively.
We studied the expression of CYP1 genes by bioremediation of heavy fuel oil-polluted seawater on Javanese medaka
embryos. The marked CYP1A mRNA expression in the Javanese medaka embryos exposed to bioremediation of heavy
fuel oil-contaminated seawater in the study may reflect functions associated with the role of the CYP in processing waste
products, i.e. detoxification of xenobiotic compounds. Many
compounds in heavy oil are environmentally benign, but significant fractions are toxigenic or mutagenic.
The physical and chemical characteristics of the oil are
also important determinants of bioremediation success. Bio-
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remediation is a relatively slow process, requiring weeks to
months to effect cleanup [75]. In the study, the PAHs concentrations had decreased by more than 50% in the PF
treatment compared to P treatment at 24 h after bioremediation period. In addition, heavy crude oils that contain large
amounts of resin and asphaltene compounds are less amenable to bioremediation than light- or medium-weight crude
oils that are rich in aliphatic components. Finally, the oil

FIGURE 4 - Bioremediation of heavy fuel oil-induced CYP1 genes
expression in Javanese medaka embryos. The mRNA levels were
evaluated by real-time quantitative PCR and are expressed relative
to β-actin expression. Each histogram represents the mean fold
change relative to the control ± SD of triplicate experiments. Differences between groups were determined by one-way analysis of variance (ANOVA) followed by Tukey-Kramer’s Multiple Comparison
Test. A statistical difference between groups at p<0.05 is indicated by
differences in the letters above the bars.
FIGURE 3 - Bioremediation of heavy fuel oil-induced CYP1 genes
expression in Javanese medaka embryos. The mRNA levels were
evaluated by real-time quantitative PCR and are expressed relative
to β-actin expression. Each histogram represents the mean fold
change relative to the control ± SD of triplicate experiments. Differences between groups were determined by one-way analysis of variance (ANOVA) followed by Tukey-Kramer’s Multiple Comparison
Test. A statistical difference between groups at p<0.05 is indicated by
differences in the letters above the bars.

surface area is extremely important because growth of oil
degraders occurs almost exclusively at the oil-water interface [4]. There has been little chemical characterization of
heavy fuel oil (HFO), and a limited number of studies have
assessed toxicity of heavy oil to fish. Previous research has
showed the rainbow trout embryos exposed to WAF of
heavy fuel oil at low concentrations that precede deformities, had reduced length, weight, heart rate and respiration
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frequency [65]. The specific PAH responsible for embryotoxicity have not been identified, but the medium molecular weight PAH appear to be the most toxic [37].
The induction of CYP1A, indicated by either staining
or measurement of catalytic activity, is a particularly sensitive biomarker of PAH exposure. It has been observed
that CYP1A induction precedes toxicity in the early life
stages of rainbow trout (Oncorhynchus mykiss); the proposed mechanisms of this toxicity include oxidative stress
and the production of toxic intermediates and/or metabolites [8, 12, 71]. The extent of toxicity depends on the balance between detoxification (oxygenation, conjugation and
excretion) and toxification (oxygenation and production of
reactive metabolites). Exposure of fish eggs to PAH or
mixtures of PAH can cause mortality, reduced survival and
growth, premature hatch, delayed development, genetic
damage and deformities [16]. Concentrations as low as 1
μl/L TPAH caused mortalities in pink salmon eggs [37].
The developmental delays in oil-exposed embryos extends
the period when the yolk sac vitelline membrane (protective barrier between the yolk and water) is not reinforced
with epidermal tissue, making oil-exposed embryos sensitive to mechanical damage for a prolonged period [18].
Endogenous functions of CYP1A and CYP1B1 are
poorly understood. CYP1A has been proposed to play a
role in controlling AHR activation via a negative feedback
loop by metabolizing endogenous AHR ligands [20].
CYP1A1 is also known to metabolize both xenobiotic
compounds, such as PAHs and PCBs, and can metabolize
endogenous compounds, such as estrogens [55]. CYP1A2
is known to metabolize caffeine [69] and aromatic amines
[55]. Both CYP1A1 and CYP1A2 can be classified by the
metabolism of the synthetic substrates 7-ethoxyresorufin
and 7-methoxyresorufin, respectively [39]. A previous
study indicated that CYP1B1 can catalyze the formation of
retinoic acid and suggested it plays a role in retinoic-acidmediated patterning during embryogenesis [19]. CYP1B1
has also proven crucial for normal development of the eye
in mammals [22], and in line with this, CYP1B1 is highly
expressed in the zebrafish eye [44]. It is also notable that
CYP1B1 occurs at higher levels in various cancers (breast,
colon, lung, skin, brain, testis, etc.) than in the corresponding healthy tissues in human [54].

medaka embryos. The basal expression patterns for zebrafish CYP1B1, CYP1C1 and CYP1C2 were similar to that
for CYP1B1 in mammals. The expression levels of the
three fish genes were relatively high in heart and relatively
low in ovary, like the expression of CYP1B1 in humans
[22]. The present study clearly suggests CYP1 genes involvement in another unexpected physiological function in
the Javanese medaka embryos. However, it seems likely
that the CYP1 genes have different roles in expression patterns by bioremediation of heavy fuel oil-polluted seawater. The results also showed that bioremediation of
heavy fuel oil does not have a significant effect on the reduction of the contaminant.
4. CONCLUSION
We reported on the CYP1 mRNAs expression patterns
as a result of exposure to two kind of oil polluted waters,
such as water accommodated fraction and bioremediation
of heavy fuel oil in Javanese medaka adults and embryos,
and presented that they are constitutively expressed in several fish organs and embryos. This demonstrated that the
expression patterns of these genes varied in different organs and embryos through different exposure routes of
heavy fuel oil, suggesting that induced medaka CYP1 transcript patterns may be useful biomarkers for heavy fuel oilcontaminated water.
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Conversely, the CYP1C genes were only recently described and little is known about their functions. The
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[44]. In the present study, we found that the expression patterns of the CYP1B1 and CYP1C1 in Javanese medaka are
down-regulated in all treatments. The similar expression
patterns suggest that there may be functional similarities
between the CYP1B1 and CYP1C1 genes in Javanese
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ABSTRACT
This study was conducted to study the effect of heat
cooking at 100 Co on methomyl, oxamyl and carbosulfan
residues of spiked tomato juice. Heating at 100 Co for
30 minutes led to reduction percentages of 72.63%, 88.66%
and 100%, respectively. However, the reduction percentages
of the studied carbamate residues were increased with increasing time of exposure. Heat cooking treatment was
found to be the most efficient treatments to reduce oxamyl
in spiked samples significantly after 30 min. Heat treatment
degraded this pesticide completely after 15 and 30 minutes,
respectively.
KEYWORDS:
Tomato juice, Heat treatment, Methomyl, Oxamyl, Carbosulfan.

1. INTRODUCTION
In 2010 Jordan produced 2310 tons of tomato processed products like; tomato paste, tomato soup and ketchup. The total consumed amount in local market of tomato
processed products including imported tomato juice was
6181 tons/year. Furthermore, the per capita consumption
of processed tomato products was about 1 kg/year [1]. Agricultural activities are closely associated with intensive
use of pesticides in Jordan and globally, to control plant
pests and to increase the yield of cultivated areas. In Jordan, North Africa and some countries in South America,
tomatoes have been treated intensively with pesticides to
control pests such as Tuta absoluta and white fly. Carbamate pesticides were found to be an effective group of pesticides to control plant pests.
Food and Agricultural Organization (FAO) database
showed that in 2010 around 5297.71 tons of carbamate pesticides were used in different regions in the world, respectively [2]. Methomyl and oxamyl classified by the World
Health Organization (WHO) as highly hazardous (class
IB), and carbosulfan classified as moderately hazardous
(class II) [3].
* Corresponding author

Carbamates are dermally absorbed and from the gastrointestinal tract. They are also readily absorbed by inhalation when vapors are formed. Once absorbed, the carbamates are distributed rapidly into internal tissues [4]. The
acute toxicities of the carbamate ranged from high to very
low by the following oral LD50 values to the rats; 32, 2.8,
and 218 mg/kg for methomyl, oxamyl, and carbosulfan, respectively [5].Carbamates have been observed to cause oxidative stress by the generation of free radicals in rat tissues; these free radicals play an important role in toxicity
of pesticides [6,7].
Carbamates are effective insecticides by their ability to
inhibit AChE in the nervous system, the enzyme responsible for breakdown and termination of the activity of ACh
by catalyses the hydrolysis of the neurotransmitter ACh to
choline and acetic acid [8]. When carbamate pesticides enter the nervous system it will compete with ACh for its active site, leads to the accumulation of ACh in the synapses.
[4, 8].
Lehotay et al. [9] showed that methomyl, methomyl-oxime, oxamyl and oxamyl- oxime had recoveries greater than
90% upon using QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method for extraction and using GCNPD (Gas Chromatography with Nitrogen Phosphorous Detector) for determination of these carbamate pesticides from
different food matrices. Soler et al. [10] showed that LC-MS
(Liquid Chromatography Equipped with Tandem Mass
Spectrometry) was an efficient technique to determine carbosulfan and its seven degradation products sensitively and
accurately at low detection limits of 10 µg /kg.
The effect of heat treatment on residue levels of methomyl in some commodities was investigated after 40 min. of
heat treatment at 100 Co (DuPont de Nemours, 1975). The
percentages of methomyl residues reduction were 74%,
92%, 93% and 72% for tomatoes, peas, cabbage and water,
respectively.
In the recent years, the word attention has focused on
the removal of pesticide residues by different treatments
like; cooking, ozonation, UV-radiation, washing and peeling. It is noticed that these treatments are of great benefits
to have safe and healthy food. The objective of this study
is to examine the effect of heat treatment above 100 Co on
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recovered amounts from spiked tomato juice with methomyl, oxamyl and carbosulfan insecticides at different concentration levels for different periods of time.
2. MATERIALS AND METHODS
2.1. Chemical reagents and standards

Anhydrous magnesium sulphate (MgSO4, assay 99%)
(Sigma-Aldrich, Saint Louis), Acetonitrile (CH3CN, HPLCgrade, assay 99.8%) (LAB-SCAN analytical sciences, Dublin), Acetic acid (CH3COOH, assay 99%) (J. T. Baker,
USA), Acetone (C3H6O, GC-grade, assay 99.8%) (LABSCAN analytical sciences, Dublin), Sodium chloride
(NaCl,assay 99.9%) (AVONCHEM, Cheshire), Primary
Secondary Amine (PSA) sorbent, with 40 – 60 µm particle size (Agela Technologies, Wilmington). Standards of
oxamyl (C7H13N3O3S), Carbosulfan (C20H32N2O3S) and
ditalimifos (C12H14NO4PS) pesticides standard materials
were obtained from (Dr. Ehrenstorfer- GmbH, Augsburg)
with certified purity of 97%. Methomyl pesticide
(C5H10N2O2S, assay 99.5%) was purchased from (SigmaAldrich, Saint Louis).
2.2. Tomato juice samples

Forty five tomato juice samples were collected from the
Jordanian local market and analyzed to make sure that they
were free of any residues. The size of each sample requested
for pesticides residues analysis was (0.5 L) as recommended
by Codex Alimentarius sampling guidelines [11].
2.3.Effect of tomato juice heat treatment on stability of methomyl, oxamyl and carbosulfan

To investigate the declining pattern in methomyl, oxamyl and carbosulfan pesticides residues in tomato juice,
the samples were treated as follows:
2.3.1. Heat treatment above 100 C o

Five tomato juice samples (1 L each) (free from carbamates residues) were spiked with five concentrations 0.1,
0.5, 1, 5 and 10 ppm for each of methomyl, oxamyl and
carbosulfan. Each sample was heated up to 100oC. After
100oC was reached five samples were taken at 3, 5, 10, 15,
and 30 minutes separately for each pesticide determination.
Each sample was extracted by QuEChERS method and
analyzed using GC-NPD to determine the amounts of
methomyl, oxamyl, and carbosulfan left after heat treatment above 100 Co for several minutes on reduction of
these pesticides.
2.4. Control samples

Five control tomato juice samples were spiked with
0.1, 0.5, 1, 5 and 10 ppm and kept under room conditions
for 30 min. to investigate the effect of natural light exposure and room temperature on methomyl, oxamyl and carbosulfan reduction percentages, samples were taken after
3, 5, 10, 15 and 30 min for each pesticide determination.

2.5. Extraction of pesticides

The method for extraction of pesticide residues from
food which is called QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) was used for extraction of methomyl, oxamyl, and carbosulfan residues from tomato juice. It
is based on the extraction by acetonitrile and partitioning
with anhydrous magnesium sulphate [12].
Homogenized tomato juice samples were extracted by
taking ten grams into 50 ml Teflon centrifuge tube followed
by addition of 10 ml of acetonitrile acidified with 1% acetic
acid. The mixture is then shaken by Vortex mixer for 1 min
at low speed and loaded with 4 g of anhydrous MgSO4 and
1 g of NaCl, then vortexes again for 1 min. Ditalimifos at
concentration of 0.5 ppm was then added to the mixture as
an internal standard. Finally, sample was vortexes for 30 s
and centrifuged at 3000 rpm for 5 min. Sample extract by the
end of this step was ready for clean-up.
2.6. Samples clean-up

For clean-up, 1 ml of the upper acetonitrile layer for
each sample was transferred into 10 ml centrifuge tube containing 25 mg Primary Secondary Amine (PSA) as sorbent
and 150 mg anhydrous MgSO4, then it was vortexes for 30
s. As a final step the centrifuge tube was centrifuged at 3000
rpm for 5 min then the extract transferred into 2 ml GC vial.
Since acetonitrile is not compatible with NPD detector, it
was replaced completely with acetone after flushing with
nitrogen gas. After that samples were analysed with GCNPD to determine the residues of methomyl, oxamyl, and
carbosulfan.
2.7. Detection Limits and Recovery percentages

To assess the efficiency of the extraction method, detection limits and recovery percentages were determined
for each pesticide included in this study.
To determine the minimum detection limit for methomyl, oxamyl and carbosulfan six independent blank tomato
juice samples were extracted and injected using GC/NPD.
The DL for methomyl, oxamyl, and carbosulfan were calculated according to the following equation [13]:
3
After determination of DL for each pesticide, a blank
sample was spiked with this concentration and determined
by GC-NPD.
On the other hand five free tomato juice samples of any
pesticide were spiked with different standard concentrations for each of methomyl, oxamyl and carbosulfan to determine its recovery according to the following equation:
Recovery percentage %
ppm pesticide detected
100
ppm pesticide added
2.8. Methomyl determination by GC-NPD

The chromatographic system consisted of a gas chromatography (Agilent Technologies 6890N, USA) with nitrogen phosphorous detector, split less injector and the HP-
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5 capillary column (30 m X 0.32 mm, 0.52µm). The carrier
gas was helium. The operating conditions were: injection
volume was 1 µl. The temperature program was: injector
temperature 250oC, and detector temperature 300 Co[14]. The
oven temperature program was modified to get the desired
response for methomyl as follows: initial temperature 60 Co
for 1 min; 5Co min-1 to 90Co for 1 min; 20Co min-1 to 150Co
for 1 min; 6 Co min-1 to 270 Co for 1 min. For data acquisition Chem. - Station software was used.

0.0032, 0.0039 and 0.0063 ppm and the retention time
0.0032, 0.0039 and 0.0063 for methomyl, oxamyl and carbosulfan, respectively, as shown in Table 1.
TABLE 1 - Detection limits (DL) and retention time (min) of metomyl, oxamyl and carbosulfan pesticides, using GC-NPD.
Pesticide
Methomyl
Oxamyl
Carbosulfan

2.9. Oxamyl and carbosulfan determination by GC-NPD

The same instrument used for determination of methomyl was used for determination of both oxamyl and carbosulfan but with different oven temperature program as follows: initial temperature was 70Co for 1 min; 12 Co min-1
to 280Co for 15 min [14]. For data acquisition Chem.-Station software was used.

Detection limits ±
SE (ppm)
0.0032 ± 0.0001
0.0039 ± 0.0001
0.0063± 0.0002

TABLE 2 - Recovery percentages of methomyl, oxamyl and carbosulfan pesticides from tomato juice samples spiked with different concentration levels.
Pesticide

2.10. Statistical analysis

The design of the experiment was Complete Randomised Design (CRD) with three replicates. Mean values and
standard error were calculated and analyzed. The obtained
data were subjected to statistical analysis using MSTAT-C
programme version 1.4, were Least Significant Difference
test (LSD) was used at 0.01 probability level. The obtained
results from this experiment were summarized in tables in
the results section.

Methomyl

Oxamyl

3. RESULTS
Carbosulfan

3.1. Detection limits (DL) and retention time (min)

Retention time
(min)
3.749
6.510
19.329

The results for the analysis of three blank tomato juice
samples showed that the minimum detection limits were

Spiked amount
(ppm)
0.1
0.5
1.0
5.0
10.0
0.1
0.5
1.0
5.0
10.0
0.1
0.5
1.0
5.0
10.0

Recovery %± SE
96.7 ± 0.9
97.2 ± 1.2
96.4 ± 1.0
96.9 ± 1.6
98.2 ± 0.4
92.8 ± 0.9
93.3 ± 1.2
93.6 ± 0.5
94.2 ± 1.5
94.3 ± 1.8
85.4 ± 0.4
86.0 ± 0.7
86.4 ± 0.6
86.7 ± 0.6
87.3 ± 0.7

TABLE 3 - Effects of heat treatment above 100oC on methomyl, oxamyl and carbosulfan reduction percentages at different spiked concentration levels in tomato juice, using GC-NPD.*

Pesticide

0.1

Spiked amount
(ppm)
1

0.5

3 min
38.947c**±0.83
38.205c±0.96
37.578c±0.36
Methomyl
49.485b±1.26
48.188b±0.32
45.098b±0.14
Oxamyl
72.093a±0.42
71.028a±0.13
69.601a±0.37
Carbosulfan
5 min
40.000c±0.65
40.084c±0.91
38.095c±0.36
Methomyl
b
b
52.577 ±1.32
51.599 ±0.52
48.607b±0.15
Oxamyl
84.884a±0.18
80.607a±0.23
79.578a±0.81
Carbosulfan
10 min
51.579c±0.28
52.401c±0.12
50.000c±0.38
Methomyl
69.072b±1.41
63.113b±0.68
61.300b±0.12
Oxamyl
95.349a±0.29
93.925a±0.21
90.376a±0.19
Carbosulfan
15 min
63.158c±0.20
62.839c±0.70
58.282c±0.68
Methomyl
72.165b±0.97
70.576b±0.38
68.834b±0.45
Oxamyl
100a±0.00
100a±0.00
99.296a±0.79
Carbosulfan
30 min
72.632c±0.38
71.608c±0.29
68.530c±0.29
Methomyl
b
b
88.660 ±0.66
84.009 ±0.11
80.495b±0.45
Oxamyl
* Values are means of three replicates ± SE.; **Means of reduction percentages within the same
superscript are not significantly different using LSD test at 0.01 probability level.
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34.209c±0.97
41.052b±1.53
53.978a±0.46

31.703c±0.94
40.415b±0.14
50.687a±0.32

35.967c±0.85
43.365b±0.30
61.865a±0.24

32.997c±0.51
39.913b±0.61
58.415a±0.27

48.198c±0.68
55.605b±0.16
87.219a±0.22

45.297c±0.82
53.988b±0.77
80.669a±0.21

55.793c±0.78
61.998b±0.24
98.794a±1.42

52.706c±0.64
58.778b±0.86
92.484a±0.11

65.092c±0.33
61.836c±0.28
b
76.299 ±0.26
70.060b±0.75
column for each time sharing the same letters in
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3.2. Recovery test

As shown in Table 2, the mean recoveries percentages
from blank tomato homogenized samples of methomyl, oxamyl and carbosulfan were ranged from 96.4% to 98.2%
for methomyl, 92.8% to 94.3% for oxamyl and 85.4% to
87.3% for carbosulfan. Values in the Table are means of
three replicates.
3.3. Comparison between reduction percentages of methomyl,
oxamyl and carbosulfan using heat
3.3.1. Heat treatment

Heat treatment above 100oC of spiked tomato juice
with methomyl, oxamyl and carbosulfan increased their
maximum reduction percentages for the spiked concentration level of 0.1 ppm from 38.95%, 49.59% and 72.09%
after 3 min to 72.63%, 88.66% and 100% after 30 min, respectively (Table 3).
The statistical analysis (Table 3) showed that there
were significant differences (P  0.01) between methomyl,
oxamyl and carbosulfan reduction percentages for all the
spiked concentration levels at 3, 5, 10, 15 and 30 min of
treatment.
4. DISCUSSION
4.1. Detection limits (DL) and retention time (min)

The present study showed that the detection limits for
methomyl, oxamyl and carbosulfan were 0.0032, 0.0039 and
0.0063 ppm and the retention time 0.0032, 0.0039 and
0.0063 (Table 1), respectively, using QuEChERS method
for extraction and GC-NPD for determination. Delgado et al.
[14] found that the detection limits of methomyl and carbofuran were 0.006 and 0.003 ppm, respectively, using same
method of extraction and determination of these carbamate
pesticides from powdered potatoes. In addition, similar results were reported by Berger et al. [15] who showed that
carbamates were directly and selectively detected using gas
chromatography equipped with NPD detector with detection
limits ranging from 0.003 to 0.06 ppm.

and carbosulfan amounts in tomato juice significantly,
since the increased reduction percentages of methomyl and
oxamyl were more than 50% for all of the spiked concentration levels after 15 min of treatment. Heat treatment of
spiked tomato juice with carbosulfan was more efficient,
because carbosulfan reduction percentage reached more
than 50% after 3 min of treatment. Methomyl recovered
amounts of spiked tomato juice at concentration of 5 and
10 ppm were not reduced below the European Union committee MRL of 0.2 ppm [17] after 30 min of heat treatment,
which means that high concentration levels need more exposure time than low concentration levels to be reduced below the maximum residue limit. Also, oxamyl at high concentration level of 10 ppm was not reduced below the
European Union committee MRL of 0.02 ppm [17], after
30 min of heat treatment. Carbosulfan recovered amounts
form tomato juice for the spiked concentration levels of
0.1, 0.5, 1 and 5 ppm, decreased significantly after 30 min
of treatment to reach below the EU-MRL established by
the European Union committee of 0.05 ppm [17]. According to the present results, it was clear that the exposure time
is an important factor in heat treatment for the reduction of
methomyl, oxamyl and carbosulfan residues contents.
The reduction in methomyl, oxamyl and carbosulfan
recovered amounts could be explained according to the
processes that normally occur during cooking, which involve; volatilization, hydrolysis, and thermal breakdown of
these compounds [18, 19]. The results of this study concur
with the results described in the paper of Aktar et al. [20]
concerning the persistence of methomyl on okra, after
washing and heat treatment. Methomyl percentage of loss
after washing with running water for 1 min followed by
heat treatment for 5 min was 81.5%. In a monitoring study
performed in India, carbosulfan residues were not found in
any of the collected samples. The main carbamate residues
found in eggplant samples was carbofuran, which is the
main carbosulfan metabolite, since it is more thermally stable than carbosulfan. Even though, boiling was found an
effective treatment. It reduced carbofuran by 50% [21].
4. CONCLUSIONS AND RECOMMENDATIONS

4.2. Recovery test

Methomyl, oxamyl and carbosulfan recoveries were
found in the range of 96.4% to 98.2% for methomyl, 92.8%
to 94.3% for oxamyl and 85.4% to 87.3% (Table 2) for carbosulfan using GC-NPD and QuEChERS method for extraction. In agreement with these results, Lehotay et al. [9]
found that the recoveries for methomyl and oxamyl were >
90% for different commodities. Moreover, Glauner [16]
achieved 98.9% and 103.3% recoveries for methomyl and
oxamyl, respectively, from tomato fruits samples in a study
performed to validate QuEChERS method for extraction of
313 compounds in different commodities.
4.3. Effect of heat treatment on tomato juice

Heat treatment of spiked tomato juice above 100 Co
was an effective treatment to reduce methomyl, oxamyl

The study of the effect of heat treatment at 100 Co on
spiked tomato juice results showed the following:
1) Heat treatment was relatively efficient in reducing
methomyl, oxamyl and carbosulfan spiked amounts.
2) Heat treatment was more efficient than UV-radiation [22] and less efficient than ozonation [23].
3) It is recommended to increase the public awareness
towards cooking for reduction of carbamate pesticides residues, further studies are needed to find the relationship between the exposure time of cooking and the parent pesticides metabolites and their health impacts.
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CATALYST-FREE GREEN SYNTHESIS
OF 2-ARYLBENZOTHIAZOLES UNDER AIR
Dezhi Qiu, Wenlai Xu*, Quan Wen and Qingle Zeng*
Institute of Green Catalysis and Synthesis, State Key Lab of Geohazard Prevention and Geoenvironment Protection,
College of Materials and Chemistry & Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China.

ABSTRACT
2-Arylbenzothiazoles are widely used in pharmaceutical
and chemical industry. Development of their eco-friendly
and economic synthetic methods are of importance. We develop a new catalyst-free green synthetic protocol of 2-arylbenzothiazoles, which are synthesized from 2-aminothiophenols and benzaldehydes in DMF under air without any
catalyst or addictive.
KEYWORDS: 2-arylbenzothiazole; 2-aminothiophenols; benzaldehydes; green chemistry; aerobic oxidation.

examples it can be seen that these approaches necessitate
catalysts and additives, most of which are both toxic and
expensive. Greener methods have indeed been reported;
heating of 2-aminothiophenols and aldehydes at much
higher temperature under microwaving [28] or under melt
reaction conditions [29] has produced 2-arylbenzothiazoles. 2-Arylbenzothiazoles are also synthesized at room
temperature via a manual mortar-pestle grinding method
[30], which is difficult to scale up. It is therefore essential
that novel green feasible approaches are urgently needed
As part of our continuous research on green synthesis
[31-36], we have investigated the catalyst-free reaction of
2-aminothiophenols and benzaldehydes in order to synthesize 2-arylbenzimidazoles.

1. INTRODUCTION
As a class of important heterocycles, 2-arylbenzothiazoles are widely used in pharmaceutical and chemical industry [1-2]. For example, in pharmaceutical industry, they
may be applied as anti-cancer [3-8], anti-inflammatory [9],
anti-tuberculosis [10], anticonvulsant [11], anti-worm [12],
antiviral [13, 14] drugs and so on. Regarding chemical industry, they are usually utilized as thiofides, vulcanization
accelerators in the curing of rubber [15], dyes [16], photochromic materials [17, 18] and so forth. Having in mind
their expanded use, it is therefore essential to find ways to
synthesize these compounds in an eco-friendly and economic way.
Nowadays there are several methods to prepare 2-arylbenzothiazoles, such as condensation of 2-aminothiophenols and aldehydes catalyzed by NaCN [19], o-benzenedisulfonimide [20], surfactants such as SDOSS, SDS or SDC
[21], Ca(ClO)2/Al2O3, MnO2/SiO2 [22] or Sc(OTf)3 [23],
condensation of 2-aminothiophenols and aldehydes in
ionic liquid [Pmim]+Br- heated by microwave [24], condensation of 2-aminothiophenols and benzyl alcohol catalyzed by CuCl, 2,2′-bipyridine and TEMPO [25], iron-catalyzed arylation of benzothiazoles with benzylic alcohols
with K2S2O8 as oxidant [26], or cyclization of o-bromophenylthiourea and o-bromophenylthioamide catalyzed by
palladium catalytic system [27]. From the aforementioned
* Corresponding author

2. MATERIALS AND METHODS
2.1 Materials

All chemicals were purchased from Sigma-Aldrich,
Alfa Aesar, Aladdin and Changzheng chemicals companies and used as received.
All glassware used was dried in electric oven at 120 oC.
All compounds were characterized by 1H NMR and 13C
NMR.
2.2 2.2 Methods

Typical experimental procedure: To a dry 20 mL test
tube equipped with a stir bar, 2-aminothiophenol (1.1
mmol), benzaldehyde (1 mmol) and DMF (4 mL) were
added. The mixture was stirred for three to five minutes at
room temperature and subsequently it was placed in oil
bath pot at 120 oC for 2.5 hours. After cooling to room temperature, the reaction mixture was quenched with water,
and extracted with ethyl acetate (30 mL) three times. The
organic layers were combined, washed with water to remove DMF, dried over anhydrous sodium sulfate, and filtrated. The filtrate was condensed under reduced pressure.
The residual was purified on silica gel column chromatography to afford the following 2-arylbenzothiazoles.
2-phenylbenzothiazole (3a) (90%)
White solid.Mp 110.6-111.2 oC (lit. [37]: 110-112 oC).1H
NMR (400 MHz, DMSO) δ 8.17 (d, J = 8.0 Hz, 1H), 8.14
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– 8.05 (m, 3H), 7.63 – 7.53 (m, 4H), 7.48 (t, J = 7.6 Hz,
1H). 13C NMR (101 MHz, CDCl3) δ 168.10 (s), 154.13 (s),
135.06 (s), 133.61 (s), 131.00 (s), 129.05 (s), 127.57 (s),
126.34 (s), 125.21 (s), 123.24 (s), 121.64 (s).
2-(1-naphthyl)benzothiazole (3b) (88%)
Brown solid. Mp 73.0-74.1oC (lit. [38]: 78-80 oC). 1H
NMR (400 MHz, Acetone) δ 9.18 – 9.11 (m, 1H), 8.17 (dt,
J = 16.5, 8.2 Hz, 3H), 8.11 – 8.03 (m, 2H), 7.74 – 7.59 (m,
4H), 7.59 – 7.50 (m, 1H). 13C NMR (101 MHz, CDCl3) δ
167.64 (s), 154.18 (s), 135.48 (s), 134.04 (s), 131.12 (s),
130.76 (d, J = 18.5 Hz), 129.44 (s), 128.45 (s), 127.68 (s),
126.56 (s), 126.32 (s), 125.91 (s), 125.34 (s), 125.03 (s),
123.59 (s), 121.44 (s).
2-(4-methoxyphenyl)benzothiazole (3c) (82%)
White solid. Mp 102.2-103.8oC (lit. [39]: 108-111 oC).
1
H NMR (400 MHz, Acetone) δ 8.13 – 8.09 (m, 2H), 8.07
(dd, J = 8.0, 0.6 Hz, 1H), 8.03 – 7.99 (m, 1H), 7.54 (ddd, J
= 8.3, 7.3, 1.3 Hz, 1H), 7.48 – 7.38 (m, 1H), 7.19 – 7.06 (m,
2H), 3.93 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 161.92
(s), 154.21 (s), 134.85 (s), 132.81 (s), 129.12 (s), 127.95
(s), 126.85 (s), 126.43 (s), 126.22 (s), 124.80 (s), 122.82
(s), 121.52 (s), 114.38 (s), 55.49 (s).
2-(4-methylphenyl)benzothiazole (3d) (78%)
Faint yellow solid. Mp 81.0-82.9 oC (lit. [37]: 86 oC).
1
H NMR (400 MHz, Acetone) δ 8.09 (dd, J = 8.0, 0.6 Hz,
1H), 8.06 – 8.00 (m, 3H), 7.55 (ddd, J = 8.3, 7.3, 1.2 Hz,
1H), 7.46 (td, J = 7.7, 1.2 Hz, 1H), 7.39 (d, J = 7.9 Hz, 2H),
2.43 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 168.26 (s),
154.16 (s), 141.45 (s), 134.94 (s), 130.94 (s), 129.73 (s),
127.49 (s), 126.26 (s), 125.01 (s), 123.05 (s), 121.59 (s),
21.56 (s).
2-(4-nitrilephenyl)benzothiazole (3e) (75%)
Faint yellow solid. Mp 165.1-167.0oC (lit. [40]: 165167 oC). 1H NMR (400 MHz, Acetone) δ 8.42 – 8.28 (m,
2H), 8.23 – 8.07 (m, 2H), 8.06 – 7.93 (m, 2H), 7.67 – 7.59
(m, 1H), 7.59 – 7.50 (m, 1H). 13C NMR (101 MHz, CDCl3)
δ 165.37 (s), 154.02 (s), 137.49 (s), 135.31 (s), 132.80 (s),
127.95 (s), 126.85 (s), 126.10 (s), 123.82 (s), 121.83 (s),
118.32 (s), 114.12 (s), 99.98 (s).

135.04 (s), 129.97 (s), 129.54 (d, J = 8.7 Hz), 126.44 (s),
125.27 (s), 123.19 (s), 121.64 (s), 116.30 (s), 116.08 (s).
2-(4-chlorophenyl)benzothiazole (3h) (83%)
White solid. Mp 107.8-108.7oC (lit. [37]: 115-117 oC).
1
H NMR (400 MHz, DMSO) δ 8.24 – 8.01 (m, 4H), 7.66
(d, J = 8.5 Hz, 2H), 7.61 – 7.44 (m, 2H). 13C NMR (101
MHz, CDCl3) δ 166.65 (s), 154.06 (s), 137.05 (s), 135.05
(s), 132.11 (s), 129.30 (s), 128.73 (s), 126.51 (s), 125.44
(s), 123.30 (s), 121.68 (s).
2-(4-bromophenyl)benzothiazole (3i) (84%)
Yellowish solid. Mp 127.9-128.8oC (lit. [37]: 129131 oC). 1H NMR (400 MHz, DMSO) δ 8.51 – 7.92 (m,
4H), 7.80 (d, J = 7.6 Hz, 1H), 7.67 – 7.28 (m, 3H). 13C
NMR (101 MHz, CDCl3) δ 166.72 (s), 154.06 (s), 135.03
(s), 132.54 (s), 132.25 (s), 128.92 (s), 126.53 (s), 125.45 (d,
J = 3.4 Hz), 123.32 (s), 121.69 (s).
2-(2-chlorine phenyl)benzothiazole (3j) (76%)
White solid. Mp 78.6-80.4 oC (lit. [37]: 83-84 oC).
1
H NMR (400 MHz, DMSO) δ 8.22 (d, J = 7.5 Hz, 2H),
8.14 (d, J = 8.1 Hz, 1H), 7.78 – 7.67 (m, 1H), 7.67 – 7.47 (m,
4H). 13C NMR (101 MHz, CDCl3) δ 164.21 (s), 152.50 (s),
136.12 (s), 132.72 (s), 132.28 (s), 131.77 (s), 131.17 (s),
130.83 (s), 127.14 (s), 126.32 (s), 125.47 (s), 123.48 (s),
121.42 (s).
2-(3-bromophenyl)benzothiazole (3k) (67%)
White solid. Mp 84.4-86.5oC (lit. [42]: 84-86 oC).
1
H NMR (400 MHz, DMSO) δ 8.26 (s, 1H), 8.21 – 7.91 (m,
3H), 7.80 (d, J = 7.6 Hz, 1H), 7.67 – 7.28 (m, 3H). 13C NMR
(101 MHz, CDCl3) δ 166.17 (s), 153.96 (s), 135.48 (s),
135.09 (s), 133.80 (s), 130.52 (s), 130.27 (s), 126.57 (s),
126.17 (s), 125.59 (s), 123.45 (s), 123.20 (s), 121.72 (s).
2-(3,4-dichlorophenyl)benzothiazole (3l) (88%)
White solid. Mp 115.7-116.8oC (lit. [43]: 115-116 oC).
1
H NMR (400 MHz, Acetone) δ 8.41 – 8.31 (m, 1H), 8.21
– 8.10 (m, 1H), 8.06 – 7.97 (m, 1H), 7.59 (dtd, J = 15.2,
7.3, 1.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 165.16 (s),
153.94 (s), 135.10 (s), 133.48 (d, J = 4.4 Hz), 131.01 (s),
129.06 (s), 126.61 (d, J = 17.7 Hz), 125.75 (s), 123.49 (s),
121.75 (s).

2-(4-nitrophenyl)benzothiazole (3f) (65%)
Yellow solid. Mp 226.3-228.1 oC (lit. [41]: 228o
230 C). 1H NMR (400 MHz, DMSO) δ 8.39 (q, J = 8.7 Hz,
4H), 8.25 (d, J = 7.9 Hz, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.59
(dt, J = 28.0, 7.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ
164.84 (s), 154.08 (s), 148.99 (s), 139.16 (s), 135.47 (s),
128.23 (s), 126.94 (s), 126.24 (s), 124.33 (s), 123.93 (s),
121.86 (s).

2-(2-pyridyl)benzothiazole (3m) (90%)
White solid. Mp 130.3-132.1 oC (lit. [44]: 130-132 oC).
1
H NMR (400 MHz, DMSO) δ 8.74 (d, J = 3.3 Hz, 1H), 8.34
(d, J = 7.6 Hz, 1H), 8.25 – 7.84 (m, 3H), 7.72 – 7.28 (m, 3H).
13
C NMR (101 MHz, CDCl3) δ 169.39 (s), 154.28 (s),
151.40 (s), 149.68 (s), 137.06 (s), 136.12 (s), 126.31 (s),
125.67 (s), 125.31 (s), 123.59 (s), 122.05 (s), 120.78 (s).

2-(4-fluorophenyl)benzothiazole (3g) (85%)
White solid. Mp 96.5-97.5 oC (lit. [37]: 98-100 oC). 1H
NMR (400 MHz, DMSO) δ 8.26 – 8.09 (m, 3H), 8.07 (d, J
= 8.0 Hz, 1H), 7.63 – 7.28 (m, 4H). 13C NMR (101 MHz,
CDCl3) δ 166.78 (s), 165.71 (s), 163.21 (s), 154.08 (s),

2-(2-quinolyl)benzothiazole (3n) (84%)
Faint yellow solid. Mp 199.3-201.2oC (lit. [43]: 119200 oC). 1H NMR (400 MHz, Acetone) δ 8.56 (q, J = 8.6
Hz, 2H), 8.17 (t, J = 9.3 Hz, 3H), 8.10 (d, J = 7.4 Hz, 1H),
7.90 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.73 (ddd, J = 8.1, 6.9,

2932

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

1.1 Hz, 1H), 7.58 (dtd, J = 15.1, 7.3, 1.2 Hz, 2H). 13C NMR
(101 MHz, CDCl3) δ 169.88 (s), 154.36 (s), 151.32 (s),
147.92 (s), 137.04 (s), 136.49 (s), 130.13 (s), 129.75 (s),
129.00 (s), 127.68 (d, J = 14.8 Hz), 126.30 (s), 125.89 (s),
123.79 (s), 122.05 (s), 118.35 (s).
2-(2-thienyl)benzothiazole (3o) (84%)
Faint yellow solid. Mp 93.7-94.3 oC (lit. [45]: 92o
94 C). 1H NMR (400 MHz, DMSO) δ 7.97 (ddd, J = 26.5,
14.6, 5.7 Hz, 4H), 7.49 (dt, J = 34.1, 7.3 Hz, 2H), 7.33 –
7.12 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 161.42 (s),
153.67 (s), 137.32 (s), 134.67 (s), 129.32 (s), 128.64 (s),
128.07 (s), 126.45 (s), 125.25 (s), 122.97 (s), 121.47 (s).
2-phenyl-5-chlorobenzothiazole (3p) (70%)
White solid. Mp 135.5-136.9 oC (lit. [46]: 134-136 oC).
1
H NMR (400 MHz, Acetone) δ 8.39 (d, J = 9.1 Hz, 2H),
8.33 – 8.16 (m, 2H), 7.80 (dd, J = 8.4, 1.4 Hz, 1H), 7.72 –
7.59 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 169.94 (s),
154.98 (s), 133.28 (d, J = 6.6 Hz), 132.32 (s), 131.37 (s),
129.11 (s), 127.62 (s), 125.66 (s), 123.04 (s), 122.33 (s).

TABLE 1 - Optimization of reaction conditions a
NH2

Entry

CHO solvent

SH
Solvent

N

heat

S

Temp. (oC)

Time (h)

Yield (%)

1

DMF

90

2.5

50

2

DMF

90

4

87

3

DMF

80

4

78

4

DMF

110

2.5

88

5

DMF

120

2.5

90

6

DMA

120

2.5

83

7

DMSO

120

2.5

87

─

120

2.5

77

DMF

120

2.5

trace

8
9

b

a
Reaction conditions: 2-aminothiophenol(1.1 mmol), benzaldehydes(1
mmol), heating under air. b under argon.

2-phenyl-5-trifluoromethylbenzothiazole (3q) (73%)
Yellow solid. Mp 124.5-126.4oC (lit. [46]: 131o
133 C). 1H NMR (400 MHz, Acetone) δ 8.15 (ddd, J = 8.6,
5.5, 2.7 Hz, 3H), 8.08 (d, J = 2.0 Hz, 1H), 7.67 – 7.56 (m,
3H), 7.50 (dd, J = 8.6, 2.1 Hz, 1H). 13C NMR (101 MHz,
CDCl3) δ 170.13 (s), 153.73 (s), 138.46 (s), 133.03 (s),
131.59 (s), 129.19 (s), 127.70 (s), 125.56 (s), 122.25 (s),
121.52 (d, J = 3.5 Hz), 120.40 (d, J = 4.2 Hz).

TABLE 2 - Reactions of benzaldehydes and 2-aminothiophenols a

NH2
+ ArCHO
R

SH

N

DMF
120 oC

Ar
S

R

Entry

R

2
Ar

Product

3
Time (h)

Yield(%)

1

H

Ph

3a

2.5

90

2

H

1-Naphth

3b

4

88

3

H

4-CH3OPh

3c

2.5

82

As a start, a mixture of 2-aminothiophenol (1.1 mmol)
and benzaldehyde (1mmol) were heated at 90 oC under air.
The reaction gave the desired product 2-arylbenzothiazole
(3a) in 50% yield for 2.5 h (Table 1, entry 1), and in 87%
yield for 4 h (Entry 2), but no better yield was obtained for
longer reaction time. The product 3a was confirmed by 1H
NMR and 13C NMR, and melting point agreed with the literature data.

4

H

4-CH3Ph

3d

2.5

78

5

H

4-CNPh

3e

2.5

75

6

H

4-NO2Ph

3f

5

65

7

H

4-FPh

3g

4

85

8

H

4-ClPh

3h

2.5

83

9

H

4-Br

3i

3

84

The effects of reaction temperature on the reaction
yield were subsequently studied. Results show that a temperature of 120 oC gave the highest yield (Entry 5 vs. 1-4).

10

H

2-ClPh

3j

2.5

76

11

H

3-BrPh

3k

2.5

67

12

H

3,4-Cl2Ph

3l

3

88

13

H

2-Pyridyl

3m

2.5

87

14

H

2-Quinolyl

3n

2.5

84

15

H

2-Thienyl

3o

2.5

84

16

4-Cl

Ph

3p

2.5

70

17

4-CF3

Ph

3q

2.5

73

3. RESULTS and DISCUSSION

Different solvents with boiling points higher than
120oC, such as DMA (in 83% yield, entry 6), DMSO (in
87%, entry 7) were tried. It was verified that they were not
better choices than DMF even though they also produced
satisfactory yields. It should also be noted that the solventfree reaction gave poorer yield (Entry 8 vs. 5).
Finally a comparison experiment under argon atmosphere was carried out. Contrary to reaction under air, it
gave nearly no target product (Entry 9). It verifies that air
acts as oxidant for the reaction (Entry 9).

1

a
Reaction conditions: 2-aminothiophenols(1.1 mmol), benzaldehydes(1
mmol), stir for minutes at room temperature before heating at 120 oC.

2933

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

With the optimized reaction conditions at hand, a variety of substrates were investigated to explore the scope and
limitation of the reaction (Table 2).
When no other functional group was present, 1-naphthaldehyde gave a similar yield to that of benzaldehyde
(Table 2, entries 2 vs. 1).
Benzaldehydes with both electron-donating groups
and electron-withdrawing groups afforded target products
(Entries 3 to 12). It should be noted benzaldehydes with
electron-donating groups, such as 4-methoxy, 4-methyl
gave higher yields than that of those with electron-withdrawing groups (Entries 3-4 vs. 5-6). 4-Nitrobenzaldehyde
which is characterized by a strong electron-withdrawing
group gave the lowest yield (Entry 6).
Halo groups are not pure electron-withdrawing groups,
and they are ortho-, para- directing groups in electrophilic
aromatic substitution reactions. Except for 3-bromobenzaldehyde which gave a moderate yield (Entry 11), other halo
substituted benzaldehydes afforded good yields (Entries 7
to 12).

It can therefore be assumed that heteroatoms in aromatic aldehyde do not influence the reaction, since all of
heteroaryl aldehydes gave pretty good yields (Entries 13 to
15).
Finally, when 2-aminothiophenols substituted with 4chloro and 4-trifluoromethyl groups reacted with benzaldehyde they gave 3p and 3q in moderate yields (70% and
73% respectively). This may be attributed to the electronwithdrawing 4-chloro and 4-trifluoromethyl groups, which
may slower the reaction rate by reducing nucleophilicity of
thiol and amino groups of 2-aminothiophenols.
A reaction mechanism is proposed below: Initially, an
aldimine condensation reaction undoubtedly takes place. 2Aminothiophenol reacted with benzaldehyde to give 2-(Nbenzylideneamino)benzenethiol. Subsequently a strong
nucleophilic sulfur atom attacks aldimine carbon in order
to give the cyclization intermediate 2-phenyl-2,3-dihydrobenzothiazole, which is turned into the final product 2-phenylbenzothiazole thanks to the aromatic stability of benzothiazole and to air facilitated oxidation.

O
NH2

Heat
-H2O

SH

Heat

N

N
SH

SH

H
N

Air

N

S

Heat

S

SCHEME 1 – A proposed mechanism
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ABSTRACT
Forest recreation areas play an important role in urban
sustainability. These areas should essentially provide viable and continuous urban recreation experiences for the
residents. Accordingly, recreational assessments of these
areas have to be performed, supplying the necessary data
to the public administrators to make right decisions. Statistical analysis techniques taking more inexpensive and readily available data should be employed in recreational value
assessments. In this study, modern statistical analysis
methods using time series type of data have been applied
for the value estimations of recreational areas in one of the
most crowded cities of the world, Istanbul. The exploited
time series consists of social, economic and ecological variables for the period between 1970 and 2008. As for the
statistical analysis methods, Augmented Dickey-Fuller
unit root test, Engle-Granger Two-Step Co-integration test
and analysis techniques have been employed. According to
the results of the studies to determine the recreational
value, it has been shown that the selected econometric analysis techniques using time series data can be successfully
employed provided that a number of issues such as stationarity and spurious regression must be resolved with the
help of additional and supplementary scientific studies.

Recreation areas within forests are among the most important non-wood products generated by forests. It is
known that inefficient market conditions apply in the nonwood forest products market generally due to reasons such
as externality, being public property, incomplete competition, deficiency of information and economic instability.
The economic values of the goods and/or services in inefficient markets cannot be identified easily. However, due
to reasons such as population increase, commercialization
trend and globalization, the need for the identification of
the non-wood products of forests and therefore of the economic value of these products has been constantly increasing [1]. Thus, many scientific studies were conducted on
the efficiency of recreational areas within forests and the
economic value of other non-wood forest products.
Various methods (travel cost, hedonic pricing, contingent valuation, choice experiments) taking as basis the current and/or potential visitor choices are utilized for calculating the economic value of recreational efficiency. In
these methods, the variable data are generally obtained via
expensive, exhausting and time-consuming surveys conducted on the visitors in the current and/or representative
markets. Yet, it is possible to access in an extremely easy
and cheap manner the time series data of the variables in
many recreational areas. However, the usability of the time
series in statistical analyses should be verified [2-5].

KEYWORDS: econometric analysis, time series, forest, recreation,
Istanbul, Turkey.

2. MATERIALS AND METHODS
2.1 Background

1. INTRODUCTION
The main objectives of this study are to identify the
estimate equalities of the number of visitors and net recreational revenue of the Belgrade Forest in Istanbul and to
accurately estimate the values of the future period outside
the relevant period relating to the number of visitors of the
study area upon utilizing non-stable time series.
* Corresponding author

Relationship analyses and regression analyses described
under the headings of regression analyses or forecast techniques were classified upon taking as the basis the independent number of variables, function type and the source of data.
In the classification made upon taking as the basis the source
of data, regression analyses were gathered under two groups;
a) Classical regression analysis - Regression analyses based
on universe or sample data, and b) Modern regression analysis - Regression analysis with time series. While the observation values of variables in a specific time and space are
used in classical regression analyses, the values of variables
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in the form of time series observed at certain intervals in the
long term (daily, weekly, monthly, annually) are used in
modern regression analyses [6-8].
Until the 1980s, the results of the regression analyses
conducted with time series were indisputably regarded as
correct. Yet, the accuracy of the results obtained from these
analyses depends on the stationarity of the time series.
When non-stationary time series are used in relationship
analyses it is observed that relationships which actually do
not exist appear to exist (spurious regression) [9-11].
Therefore, time series are utilized in relationship analyses
upon being made stationary. But, it is necessary to identify
the long term relationships between variables for long term
planning. Thus, modern relationship analyses (integration
and co-integration tests) were developed in order to reveal
the long term relationships of variables [9]. When analysing a time series statistically, the trend and cyclical, seasonal and irregular movements are removed and the potential future values of the series may be identified. Time series which are performed empirically in these analyses, are
regarded as stationary. Yet, a significant part of time series
is not stationary. Therefore, the trend analyses which are
applied without determining whether they are stationary or
not will be misleading. As a result, statistical techniques
which are suitable for non-stationary time series should be
used both in relationship analyses and trend analyses.
First of all, the Trip Generation Functions were developed for the purpose of solving the traffic problem in cities
followed by the Recreational Trip Generation Function
(RTGF) adapted to forest recreational areas. In RTGFs,
characteristics such as the number of visitors, recreational
revenue, duration of visit and number of visits are designated
as dependent variables, while characteristics such as population, population density, education level, gender and age of
visitors, cost of trip, ownership of a private car, level of income, duration of transportation, access to other recreational
areas and recreational attractions are identified as independent variables [10, 12]. It is known that the first scientific
study on RTGFs was conducted by Clawson in the 1950s. In
this method developed by Clawson and named as the travel
cost, it takes as the basis the following assumption: “the
number of visits of the visitors coming to a recreational area
from different settlement centres is dependent on the time
and money spent” [13, 14, 15]. Many methods relating to the
economic value of the recreation area (contingent valuation,
hedonic pricing, choice experiments, etc.) were developed in
the advanced phases of the process. Considering the scientific studies in which the travel cost method as well as the
other methods consequently developed were applied, it may
be observed that variable data are generally obtained from
the face-to-face surveys conducted with visitors [16]. However, it is indicated that obtaining data in this manner may
be a time consuming, exhaustive and expensive process.
Yet, researchers found a way to obtain the variable data relating to RTGF in a much shorter period of time, at a cheaper
cost and more conveniently and began to use time series in
their analyses.

2.2 Study Area

Our study area is the Belgrade forest recreation area in
Istanbul which is one of the favourite sites of Turkey for settlement and industrial and commercial activities (Fig. 1). Located in the northwestern part of Istanbul, Belgrade forest
has been providing various forest goods and services to the
people of Istanbul for many years [17-20]. In the study area,
where daily recreational activities are performed, the dominant tree species are Oak (Q. sp.), Oriental Beech (Fagus
orientalis L.), Common Hornbeam (Carpinus betulus L.)
and Sweet Chestnut (Castanea sativa L.); and the accompanying tree species are Linden Flower (Tilia spp.) and
Maple (Acer spp.) [21]. In the study area various recreational activities ranging from those requiring a low to high
degree of physical activity (picnicking, jogging, walking,
cycling, nature photography, nature observation and use of
natural products) are performed. Ninety-seven percent of the
study area visitors are inhabitants of the city of Istanbul [22].

FIGURE 1- Location of the study area.
2.3 Material

The basis of this study’s material is composed of the time
series for the period 1970-2008 for nine variables (Table 1).
TABLE 1 - Variables of study.
Variables
Number of visitors
Net recreational revenue
Monetary value of timber
Coefficient of suitability for recreation
Health status of recreational area
Gross national income
Population density
Rate of transportability
Active green area

Symbols
NV
NRR
MVT
CSR
HSRA
GNI
PD
RT
AGA

2.3.1 Number of visitors

This was obtained from official records of the Istanbul
Forest Regional Directorate [22, 23]. The measurement
unit of this variable is “person/year”.
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2.3.2 Net recreational revenue:

This was calculated upon deducting the total sum of
the expenses made for this activity from the total revenues
achieved by the recreational use of forests. The nominal
values calculated as of the end of the year were transformed
into real values (NRRR) upon taking 1970 as the year of
basis. The measurement unit of this variable was “Turkish
Liras/year”.

calculated in a similar manner with the “Coefficient of
Suitability for Recreation”.
2.3.6 Gross national income:

The per capita nominal gross national income values
in Istanbul were taken from the records of TSI and the real
values were calculated upon taking 1970 as the basis. The
measurement unit of this variable was “Turkish Liras/year”
[26].

2.3.3 Monetary value of timber:

This value (stumpage price) was calculated upon deducting the harvest, shipment and other costs after deducting the undertaken’s share from the warehouse selling price
of wood product types (log, mine timber, industrial wood
and fuel wood) via the “transformation value” method for
each tree type. The potential tree wealth product type
amounts (m3) relating to the years 1970-2008 for 106
stands in the recreational area were taken from the development plans [23]. The product type amounts (m3) of the
actual tree wealth was calculated upon considering the reductions in product types occurring in trees due to recreational activities [24]. Thus, also the mechanic damage occurring in the trees in the area due to recreational activities
was taken into account. Stumpage prices were calculated
as the total of the tariff fees of the product types calculated
separately for each tree type, while the tariff fee of the tree
wealth in the recreational area was obtained as the total
sum of the tariff fees of the planted tree wealth. The nominal stumpage price calculated was found upon taking as the
basis of the real values of 1970 and end-of-year US Dollar
sales value of the Central Bank of the Republic of Turkey
(MVTD), thus the foreign exchange was calculated [25].
The measurement units of the variable were “Turkish Liras/year” and “US Dollars/year”.
2.3.4 Coefficient of suitability for recreation:

This coefficient was calculated with the help of two
components: a)Forest recreation ergonomics-slope classes,
average visibility depth (meters), sightseeing opportunities
(%) and thermal comfort values based on physical activities [26, 27, 28], b)Aesthetic degrees of the recreational areas as of the internal and external visual impacts of stands.
The variable numeric values were identified upon using the
“expert analysis” methodology. First, evaluations were
made on the basis of stands and consequently the results
were separately integrated for each recreational area. Then,
the average suitability coefficients of recreational areas
within the forest were identified.
2.3.5 Health status of recreational area:

This concerns the health of trees (bugs, fungi and degree of mechanical damage), the health of the living cover
(crushing and degradation and rate of living creatures), the
status of the litter (its thickness, structure and decomposition properties) and the compaction degree of the top soil
layer [22, 23]. The numeric values of these variables were

2.3.7 Population density:

The city centre of Istanbul (district and town centres)
were considered for the population density. It is the population per km2 in the city centre of Istanbul and the time
series of this variable was taken from the records of Turkish Statistics Institution. The measurement unit of this variable was “person/ km2” [26].
2.3.8 Transportability rate:

This rate in the year i. was calculated upon using the
number of private cars, average number of household
members and the city population data [26]. As the number
of visitors arriving in the Belgrade forest recreation area by
bicycle or on foot is rather low, the scope of this factor
comprises only the visitors coming by their private vehicle.
2.3.9 Active green area:

This is the amount of active green field per capita in
Istanbul. The AGA time series was obtained from Turkish
Statistics Institution records and scientific studies. The
measurement unit of this variable was “m2/person” [26].
2.4 Methods

Correlation analyses (multiple regression and co-integration) were used in order to generate the “number of visitors” and “net recreational revenue” forecast models of
this study. Furthermore, trend analysis was applied in order
to forecast the value of the “number of visitors” variable
outside the relevant period. In these analyses the time series
of variables as data was used. The stationarity nature of
variable time series was identified with Augmented
Dickey-Fuller (ADF) unit root test.
In order to forecast “number of visitors” and “net recreational revenue”;
NV = f(GNI, PD, RT, AGA, HSRA, CSR, MVT)

(1)

NRR = f(GNI, PD, RT, AGA, HSRA, CSR, MVT) (2)
equalities were taken as the basis and a multiple linear
regression analysis was applied in order to generate these
equalities.
In order to investigate the correlation between the time
series “number of visitors” and another variable;
NVt = 0 + 1Xit + t
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model was taken as the basis (Xi: NRR, GNI, PD, RT,
AGA, HSRA, CSR, MVT; 0 and 1: coefficients; : error)
and the Two-stepped Engle-Granger co-integration test
was applied.

ational income” variable were not regarded as statistically
significant. However, the statistical analyses applied on
these two variables and the results of the referred analyses
have been explained under the following four headings:

The time series function of a variable (Yt) is shaped as
follows, depending on components such as long term trend
(T), seasonal fluctuation (S), cyclical fluctuation (C) and
irregular movements:

1) According to the ADF Unit Root test results, the time
series of 8 variables comprise unit roots (Tau ( ) statistics
absolute value>Mac Kinnon critical absolute value) (Table
2).
It can be seen in Table 2 that the hypothesis reading:
“H0: There is no unit root” is accepted for the significance
level of 5% for the “trend and stationary” model at the variable level of HSRA. Therefore, the correlogram of the variable HSRA and the Phillips-Perron stationarity test were
applied. These tests demonstrated that HSRA was stationary after the second difference. In conclusion, all study variables contain unit roots.

Yt = Tt +St + Ct + IMt

(4)

As the data relating to the 1970-2008 period of “number of visitors” variable are annual, seasonality and cyclical
fluctuations will not be taken into account in “Number of
visitors” trend analyses. Thus, the “number of visitors”
trend model was composed as follows:
NVt = Tt + IMt

(5)

And the traditional trend analysis (decomposition, exponential smoothing, Box-Jenkins) methods were applied.
A significance level of 5% was accepted in the statistical
analyses and the package programs SPSS 13.0 and Ewievs
7 were used.





2) Multivariate linear regression analyses were performed with the variable series which became stationary
upon taking the difference. Thus, the possibility of spurious
regression was eliminated. The results of this analysis performed with the stepwise technique are provided in Table 3.
Equation 1 and 2 are written as follows (Table 3):

3. RESULTS AND DISCUSSION
Significant statistical estimation models were established only for the variable for the “number of visitors” in
this study conducted for the purpose of developing models
which help to forecast the levels of the “number of visitors”
and “net recreational income” of the Belgrade Forest by
using non-stationary time series. Because of this, the models developed for the purpose of forecasting the “net recre-

NV= 3612.6-0.056PD+1679607 HSRA+

(6)

NRRR= 9742.8-2.339 MVTD-27.098GNIR+
1622.3RT+

(7)

The relationship between the dependent and independent variables in these two functions are not spurious or exaggerated (R2>DW). Yet, it is necessary for these two functions to provide multivariate linear regression analysis assumptions in order to be used in forecasts. When the in-

TABLE 2 - ADF unit root test results (Tau statistics).
Level
First degree difference
Variable /
Non-fixed
Non-fixed and no
Fixed term
Trend and fixed
Fixed term
Lag
and no trend
trend
0.062892
-1.739778
-2.161909
-6.618236**
-6.573713**
GNIR
L
(0)
(0)
(0)
(0)
(0)
3.638585
0.892730
-1.81344
-4.597288**
-6.003214**
PD
L
(0)
(0)
(0)
(0)
(0)
0.922067
-0.981989
-2.131751
-4.814002**
-4.916190**
RT
L
(0)
(0)
(0)
(0)
(0)
-2.409406*
-0.673298
-2.790641
-6.000000**
-6.925530**
AGA
L
(0)
(0)
(0)
(0)
(0)
NV
1.368068
-1.727630
-2.098296*
-3.655144**
-0.211563 (1)
L
(1)
(1)
(1)
(0)
MVTR
-0.923705
-1.253151
-2.938084
-5.491041**
-5.448232**
L
(1)
(1)
(1)
(0)
(0)
-0.670017
-1.486737
-1.921206
-6.945800**
-6.886105**
NRRR
L
(0)
(0)
(0)
(0)
(0)
CSR
-1.069747
0.482052
0.099256
-5.869587**
-6.000351**
L
(1)
(1)
(1)
(0)
(0)
HSRA
-1.614251
0.147143
-4.050589*
-8.938997**
-9.182382**
L
(1)
(1)
(0)
(0)
(0)
L (Lag.) Values were automatically selected according to the Schwarz Information Criterion.
*Significant by %5. ** Significant by 1%.
Critical



values for a significance level of 1% and 5%: -3.615588, -2.941145
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Trend and fixed
-6.466534**
(0)
-6.218605**
(0)
-4.842129**
(0)
-6.822580**
(0)
-3.576532*
(0)
-5.438367**
(0)
-6.856172**
(0)
-6.187016**
(0)
-9.097181**
(0)
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TABLE 3 - Multivariate linear regression analysis results (sample period 1990-2008).
Model

Summary

Regression
Model

R

R2

NV=(PD, HSRA)

0.72

0.51

NRRR=(MVTD, GNIR, RT)

0.88

Annova
Standard error
23174.3

0.77

85779.2

Durbin-Watson

F

Sig.

1.661

8.46

0.003

2.448

17.02

0.000

Coefficient
Unstandardized
Regression Model
Constant
DIFF(PD,1)
DIFF(HSRA,1)
Constant
DIFF(MVTD,1)
DIFF(GNIR,1)
DIFF(RT,1)



Standard error

3612.6
-0.056
1679607
9742.8
-2.339
-27.098
1622.3

8435.3
0.020
725807
20521.2
0.364
7.615
3990.5

Standard
Beta

-0.500
0.414
-0.801
-0.470
0.380

T

Sig.

5.078
-2.795
2.314
0.475
-6.423
-3.559
2.913

0.000
0.013
0.034
0.642
0.000
0.003
2.913

VIF

1.05
1.05
1.02
1.15
1.12

TABLE 4 - Results of the (co-integration) analysis of the relationship between variables.
Variable
GNIR
C
R-squared
S.E.of regression
Log likelihood
Durbin-Watson stat
PD
C
R-squared
S.E.of regression
Log likelihood
Durbin-Watson stat

Coefficient
39.10850
-127140.4
0.280809
261192.6
540.7596
0.123889
530.1376
-171313.6
0.893342
100585.6
-503.5439
0.281888

Std. error
10.289934
180307.0

RT1
C

23190.64
-268612.4

1767.975
65007.04

30.11453
43471.34

t-Statistic
3.800877
-0.705133
Akaike info criterion
Schwarz criterion
F-statistic
Prob (F-statistic)
17.60404
-3.940389
Akaike info criterion
Schwarz criterion
F-statistic
Prob (F-statistic)
13.11706
-4.132051

R-squared
0.823015
Akaike info criterion
S.E.of regression
129570.7
Schwarz criterion
Log likelihood
-513.4194
F-statistic
Durbin-Watson stat
0.560684
Prob (F-statistic)
AGA
-1901467
196451.2
-9.679082
C
4639835
196451.2
10.93163
R-squared
0.716876
Akaike info criterion
S.E.of regression
163880.5
Schwarz criterion
Log likelihood
-522.5809
F-statistic
Durbin-Watson stat
0.238047
Prob (F-statistic)
ADF critical value calculated for a confidence interval 5% for the ADF test: -3.29 (Engle and Yoo, 1987, p.157)

spections relating to these assumptions are applied on both
functions, it is understood that only the function of “Equation 7” may be used in short term forecasts (There are different variances between errors in Equation 1).
3) The level of stationarity of the variables NV, GNIR,
PD, RT, AGA is I(1). However, the level of stationarity of
the variable HSRA is I(2). Therefore, the long term relationship between the variables GNIR, PD, RT and AGA
which was integrated with the variable NV (according to
Equation 4) was identified with the Two-Step Co-integration test of Engle-Granger (Table 4).

Prob.
0.0005
0.4851
27.8338
27.9191
14.4466
0.00052
0.0000
0.0003
25.9253
26.0106
309.902
0.00000
0.0000
0.0002
26.4317
26.5170
172.0573
0.0000
0.0000
0.0000
26.9015
26.9868
93.6846
93.6846

According to Table 4, there is no statistically significant correlation between the time series of variable NV and
the time series of variables GNIR, PD and AGA (high tstatistic value, low Durbin Watson value). However there
is a statistically significant correlation between the time series of the variables NV-TR (high t-statistic value, not low
Durbin Watson value). Therefore, a forecast model may be
developed only for variables NV and RT (Table 4):
(8)
NV= -268612.4+23190.64RT+
In order for this model to be used in long term forecasts, it also needs to be stationary at the level of its errors
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(Table 5). This model which appears to be stationary at the
level of its errors (Table 5) will be a dynamic model which
helps to improve short term imbalances.
Therefore, the error correction model should be forecasted for the presence of a short term relationship. The relationship between the first difference of the variable NV
(DNV) and the first difference of the variable TR (DRT)
and 1 lagged value of residRT is provided in Table 6.

However, coefficients DRT and residRT(-1) are insignificant in this error correction model (0.5380, 0.8907>
0.05). Therefore, this model is not convenient as it is not
possible to calculate the number of periods after which a
balance will be achieved between the variables NV and TR.
In summary, VN forecast models could not be developed
as a result of co-integration analyses. By using Table 6, it
is possible to write the following error correction model;
DNV=19555.80+944.1327DRT0.006629RESIDRT(-1)+ 

(9)

TABLE 5 - Results of ADF unit root test performed at the level of errors.
Variable /
Lag

Level
Non-stationary
Fixed term
Trend and fixed
and no trend
residRT
-2.456113*
-2.422689
-2.7411348
L
(0)
(0)
(0)
* The outcome of No Trend and Not Fixed (-2,456113) is significant at the level of 5%.

TABLE 6 - Error correction model.
(Dependent variable: DNV; Sample:1970-2008; Observations included:38)
Variables
Coefficient
Standard error
DRT
944.1327
1518.067
RESIDRT(-1)
-0.006629
0.047898
C
19555.80
5777.458
R-squared
0.011294
S.E.of regression
34626.76
Log likelihood
-449.5477
Durbin-Watson stat
1.231603

t-Statistic
0.621931
-0.138405
3.384846
Akaike info criterion
Schwarz criterion
F-statistic
Prob (F-statistic)

FIGURE 2 - ACF and PACF graphics of variable “NV” (1970-2008).
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Prob.
0.5380
0.8907
0.0018
23.8183
23.9475
172.0573
0.8197
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.
FIGURE 3 - ACF of the ARIMA (110) model of variable “NV”.
TABLE 7- Results of the most suitable approaches for variable “NV” trend forecast.
Traditional trend analysis methods
Decomposition
Exponential smoothing
Box-Jenkins

Best “NV” forecast model
Quadratic trend function
Holt’s damped trend Exponential smoothing
Alpha=0.99 Gamma=0.43 Phi=0.87
ARIMA(110)

Total sum of error squares
222720876817
36584675855
39771192934

FIGURE 4 - Actual and forecast values of visitor number.

4) Trend analysis methods were applied in this study
for forecasting the values outside the relevant periods according to Equation 4. First of all, the functions relating to
the Decomposition method (linear, second degree and exponential) were tested and it was observed that the best result was obtained with the second degree function. Conse-

quently, the Simple Exponential Smoothing approaches,
namely the Linear Trend, Exponential Trend and DampedTrend were applied and it was determined that the best result was the Damped Trend Exponential Smoothing approach. Finally, the Box-Jenkins method developed for stationary time series was applied. First of all, the ACF and
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Partial Autocorrelation Function (PACF) of the series VN
which was made stationary was analysed and it was observed that as ACF came down to zero gradually, PACF
came down to zero rapidly, and so the process was AR (Autoregressive) (Fig. 2). As the significant autocorrelation coefficient in PACF reveals the degree of the AR model and
as there is only one significant autocorrelation here, the
model will be AR (1) or ARIMA(110). In fact, the experienced coefficients resulted in being insignificant in AR (1)
and other ARIMA models or the total sum of the error
squares of the model resulted in being high. This was also
verified by the Akaike and Schwartz Information Criteria.
Furthermore, it was observed that the errors of the model
were stationary (Fig. 3). As a result, it was decided that the
ARIMA (110) model in the VN trend forecast via the BoxJenkins method was to be used.
The most suitable trend analysis techniques for “Equation 5” among the traditional ones are presented in Table 7.
The NV values calculated according to the forecast
models in Table 7 and the graphics of the time series of the
actual NV values are presented in Figure 4.
The closest results to the actual NV values of the traditional trend analyses demonstrated Holt’s Damped Trend
Exponential Smoothing Approach (see Table 7, total sum
of minimum Error Squares).
4. CONCLUSIONS
In this study is developed models to assist in the forecast of the number of visitors of the recreational area of the
Belgrade Forest in Istanbul with variable time series.
The results of this study may be summarized as follows
in the light of the explanations and discussions provided
above:
The study variables (Table 1) comprise unit roots.
Eight of these variables become stationary in the first difference while one becomes stationary in the second difference (Table 2).
Therefore, the Equation 1 and Equation 2 functions
were developed upon using the time series which became
stationary in multivariate linear regression analyses. However, the statistical inspections relating to these functions
demonstrated that only Equation 2 could be used in short
term forecasts. In other words, NRR function could not be
used in long term forecasts (Table 3).
As a result of the co-integration tests, a statistically significant relationship was detected only between the time
series of variables NV and RT. However, the relevant statistical inspections demonstrated that the coefficients of the
error correction model developed with these two variables
was insignificant (Table 6).
The traditional trend analyses showed that the closest
forecast values to the actual NV values were obtained with
Holt’s Damped Trend Exponential Smoothing technique
(Table 7, Figure 4). Therefore, it was decided that the most

accurate non-seasonal values of the variable NV can be
forecasted with this technique (Table 7, Fig. 4).
The recreational area of the Belgrade Forest is among
the most preferred recreational spots for the inhabitants of
Istanbul due to its historic and natural wealth. The demand
for areas like this, which may be utilized in any season for
recreational purposes, although the duration may vary, is
constantly increasing every year (Fig. 4). It is indicated by
Uzun and Caglayan Kaptanoglu that according to the results obtained from the visitor surveys in 2013, the number
of visitors in the recreational area in the Belgrade Forest
has had an impact on the rise of the level of welfare of the
public and the transformation in the lifestyle of the inhabitants of the city [29]. Similar results were obtained also in
this study conducted with time series. In fact, it was revealed in this study that the factors of gross national income and transportability rate had an impact on the number
of visitors and the net recreational revenue level.
It was observed that the actual number of visitors to
the Recreational area of the Belgrade Forest, which displayed a growth trend in general between 1970 and 2008,
decreased in 1977 and 1983 (Figure 4). Destan described
the reason for these decreases in [21] as the political crisis
experienced across Turkey (1977) and the high inflation
rate (1983). It was also mentioned in the same study that
the number of visitors dropped by 60% in 2009 due an additional fee charged on the visitors in addition to the entry
fee and the nationwide warning against Crimean-Congo
hemorrhagic fever disease (the risk of Crimean-Congo tick
bite) [30], but the number of visitors began to rise again on
the following year (2010), reaching the 2008 levels. As
seen, these two events which impacted the number of visitors are extraordinary. Therefore, the number of visitors in
2009 forecasted with this study could not be accurate.
However, there are no significant differences between the
actual number of visitors reported in this study for 2011,
2012, 2013 and 2014 and the number of forecasted visitors.
As it can be seen, provided that no extraordinary event occurs (such as tick infestation and a radical change in the
pricing policy), the results of the VN forecast model which
has been developed are accurate. Actually, as extraordinary
events are not taken into account into the forecast model,
the forecast results of this study are normal.
In summary, what was revealed by the present study is
twofold: i- that is possible to develop the number of visitors
of the recreational area of the Belgrade Forest in Istanbul
with variable time series and this can be achieved easily at
a low cost, ii- to accurately forecast the number of visitors
outside the relevant period, despite some problems needing
to be overcome. It is inevitable for the findings to change
if the study area, variables and duration of observation are
changed. Yet, this study will assist those who would like to
conduct analyses with time series. In conclusion, contribution was made with this study to the scarce amount of literature on time series econometrics.
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ABSTRACT
The study presents multiple shoot regeneration of Ceratophyllum demersum L. from shoot tip meristem explants
culturing on liquid MS medium 0.05-0.40 mg/L Kinetin
(KIN). Thereafter, free radical scavenging activities with
2,2-diphenyl-1-picrylhydrazyl free radical (DPPH) of
aqueous and methanol extracts of C. demersum were also
investigated. The highest number of shoots per explants
(74.53) and the highest shoot length (4.93 cm) were obtained on MS medium containing 0.20 mg/L Kinetin. Extracts from C. demersum were effective in the following
order: water > methanol. DPPH scavenging activities of
treatments with maximum concentration (10 mg/ml) of water and methanol extracts were 68.91 and 51.22%, respectively. It was shown that there was high positive correlation
between DPPH scavenging activity and concentration for
both extracts. At the same time, IC50 values of water and
methanol extracts showed aqueous as most effective extract with 3.689 mg/ml.

KEYWORDS:
Antioxidant activity; Shoot tip; Shoot regeneration; Liquid culture

1. INTRODUCTION
Free radicals are molecules with unpaired electrons
with ability to react with each material in their around.
These free radicals cause damage to important molecules
such as protein and genetic material in the body due to unequal number of negatively charged electrons to the number of positively charged protons in the nucleus [1]. Moreover, these molecules may cause destruction of the cell
membrane by increasing its permeability and ultimately
lead to the death of the cells. In general, free radicals have
most negative influences on proteins, carbohydrates, nucleic acids and lipids [2-7].
* Corresponding author

Several defence mechanisms have developed to prevent consisting of such radicals and damages that may occur in the body [8-10]. Defence systems involved in the
body to eliminate damages consisted by reactive oxygen
species are called the antioxidant defence systems. Antioxidants, both directly and indirectly, are the defence systems
that protect cells against carcinogens, adverse effects of
drugs and toxic radical reactions [11-13].
Synthetic antioxidants such as butylatedhydroxyanisole (BHA), butylatedhydroxytoluene (BHT), propilgallat
(PGE) and tertiary-butylhydroquinone (TBHQ) are used in
food industry [14, 15]. Although, these antioxidants are
quite effective, stable and inexpensive, their potential side
effects are still considered [16].
Since ancient times, people have used many aromatic
plants as therapeutic purposes which open windows for researchers to work on natural antioxidants. In recent years,
the therapeutic effects of different plants extracts and active ingredients have been investigated. Various medicinal
plants such as Dermotocarpon intestiniforme, Ramalina
capitata, Parmelia pulla [17]; Acacia nilotica, Ficus religiosa, Aloe barbadensis [18]; Calotropis procera, Gmelina
arborea, Kigellia pinnata [19]; Cassia abbreviata, Waltheria indica, Gymnospora buxifolia [20]; Pseudevernia furfuracea [21]; Anogeissus leiocarpus, Corchorus olitorius,
Mallotus oppositifolia [22]; Ziziphora tenuior L. [23];
Gentiana kurrooroyle [24] had antioxidant properties.
Ceratophyllum demersum L., belonging to the family
Ceratophyllaceae [25], is one of the major aquatic medicinal
plants that has been used in the treatment of ulcer, diarrhoea,
dysentery, wounds, fever, burning sensation, haemorrhoids
or piles, intrinsic haemorrhages, hyperdipsia, epistaxis, haematemasis [26]. Additionally, it was reported that the aqueous, chloroform, ethanol and methanol extracts of C. demersum have antimicrobial effect against isolated strains of bacteria and fungi [27]. Furthermore, other important chemical
compounds such as tricin-7-O-β-D-glucoside, naringenin-7O-β-D-glucoside, esculetin, β-sitosterol, 7α-hydroxyl-β-sitosterol, 7α-methoxyl-β-sitosterol and palmitic acid has
also been isolated from C. demersum [28].
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The study was designed to evaluate scavenging abilities of methanol and aqueous extracts in different concentrations obtained from in vitro propagated C. demersum on
DPPH radicals. There is no report available on antioxidant
efficacy of in vitro grown C. demersum.
2. MATERIALS AND METHODS

centrations (2, 4, 6, 8 and 10 mg/ml) of extracts and gallic
acid as positive control (0.01-0.5 mM) were prepared;
20 µl of each sample or standard solution was mixed with
180 µl of DPPH (0.06 mM in methanol) solution in microtiter plates. The mixture was shaken and incubated for 1 h
in the dark. Absorbance of the solution was read at 517 nm
against the blank. The tests were conducted in triplicate for
each sample tested. The percentage of remaining DPPH
was calculated following the equation:

2.1. In vitro regeneration

C. demersum was purchased from local aquarium of
Karaman province of Turkey. 3-5 cm long twigs were
cleaned with water followed by surface sterilization using
5% hydrogen peroxide (H2O2) for 7 min and then rinsed
three times with sterile water. After sterilization, shoot tip
meristem explants were isolated under sterile conditions
and placed on Murashige and Skoog (1962) [29] medium
(MS) for 2 weeks to get explants without contamination.
After that, explants were placedin liquid MS medium containing 0.05, 0.10, 0.20 and 0.40 and mg/L Kinetin (KIN)
and 3% sucrose in Magenta GA7 vessels (Table 1). Also,
explants were cultured on MSO medium (hormone-free) as
control experiment. pH was adjusted to 5.6-5.8 using either
1 N NaOH or 1N HCl prior to autoclaving at 121oC and
118 kPa for 20 min. All cultures were placed in culture
room at 24°C and 16 h light photoperiod (1500 lux) using
white Light Emitting Diodes (LED) lights. The data were
recorded for shoot regeneration after 8 weeks of culture.
2.2. Preparation of various extracts

Entire samples (cap and stipe) of C. demersum were
used for extraction. Fine dried powdered samples were prepared using liquid nitrogen, mortar and pestle from 10 g of
whole samples. Various extracts were obtained in 250 ml
of different solvent systems such as water and methanol
using Soxhlet extraction apparatus for two days. Thereafter, solvents were evaporated using rotary evaporator under
vacuum to dryness and extract with 2, 4, 6, 8 and 10 mg/ml
concentration were prepared with 50% dimethyl sulfoxide
(DMSO). Extraction of methanol and water yielded 31.69
and 39.72% (w/w) of substances, respectively. The yields
were based on dry materials of plant sample.
2.3. DPPH radical scavenging activity

Free radical scavenging activities of different C. demersum extracts were determined according to antioxidant
2,2-diphenyl-1-picrylhydrazyl (DPPH) test. Different con-

Radical Scavenging Activity RSA %
DPPH absorbance DPPH and extract absorbance
100
DPPH absorbance
2.4. Statistical analyses

All experiments were carried out in triplicates. Differences among scavenging activities on DPPH radicals of
various extracts obtained from C. demersum and differences among the values about the plant production were
determined by Analysis of variance (ANOVA) test using
Statistical Package for Social Sciences (SPSS®, version
21.0). Relations among the variables were carried out by
bivariate correlation analysis through SPSS. IC50 values
were calculated with regression analysis by probit using
SPSS. Probit analysis of concentration-activity data was
also conducted to estimate the IC50 (Median Effective Concentration) values and associated 95% confidence limits
for each treatment. Differences among the values occurred
in the result of analyses were tested through Duncan’s multiple range test and Tukey test.
3. RESULTS AND DISCUSSION
3.1. In vitro shoot regeneration of C. demersum

The experiment presents the efficient multiple shoot regeneration from shoot tip meristem explant of the aquatic medicinal plant, C. demersum cultured on liquid MS medium
containing 0.05-0.40 mg/L KIN after 8 weeks of culture
(Table 1). In all culture media, shoot regeneration initiated
within two week of culture followed by multiple shoot regeneration without callus formation after eight weeks of
culture (Fig. 1 a- e). Similarly, multiple shoot regeneration
from shoot tip explant using KIN has been re- ported in
other aquatic plants like Bacopa monnieri [30], Rotala rotundifolia [31] and Hyrophila polysperma [32].

TABLE 1 - Effect of different concentrations of KIN in liquid MS medium on multiple shoot regeneration from shoot tip explants of C. demersum after 8 weeks of culture
Growth regulator
Shoot regeneration
Mean number of
(KIN -mg/L)
frequency (%)
shoots per explants
0.05
100.00 a
3.20 c
0.10
100.00 a
3.50 c
0.20
73.33 b
74.53 a
0.40
46.67 c
51.61 b
MSO
100.00 a
1.50 c
Means followed by different small letters within columns are significantly different (p <0.05)
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Shoot length
(cm)
3.57 c
4.70 ab
4.93 a
2.99 c
4.28 b
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FIGURE 1 - After 8 weeks of culture, in vitro shoot regeneration from shoot tip meristem explant of C. demersum cultured on liquid MS
medium containing (a) 0.05 mg/L KIN (b) 0.10 mg/L KIN (c,d) 0.20 mg/L Kin and (e) 0.40 mg/L KIN

Analysis of variance results were found statistically
significant between plant growth regulators and shoot regeneration frequency (p <0.05). Shoot regeneration frequency ranged from 43.67-100.00% in all culture media
(Table 1). Similarly, Manik et al. [33] reported 78-92% response of shoot tip explant of Mentha piperata on MS with
0.75-2.0 mg/L KIN. Shahzad et al [34] reported 15-55%
shoot regeneration frequency from nodal segment explants
of Veronica anagallis-aquatica on MS medium having
0.1-5.0 mg/L KIN. Maximum shoot regeneration frequency (100%) was scored on MS medium with 0.05 mg/L
and 0.10 mg/L KIN (Table 1). Minimum shoot regeneration frequency (43.67%) was observed on MS medium
with 0.40 mg/L KIN. The results showed that increase of
KIN concentration, resulted in decreased shoot regeneration frequency (Table 1). The finding is contrarily to Pandiyan
and Selvaraj [30], who obtained maximum of 100% shoot regeneration frequency on MS medium containing lower concentrations of KIN (0.5 mg/L and 1.0 mg/L) using shoot tip
explants of B. monnieri. Mean number of shoots per explants were found statistically significant (p < 0.05) and
ranged 3.20-74.53. Whereas, mean number of shoots on
MSO medium (hormone-free) was recorded as 1.50 (Table
1).The highestnumber of shoots per explants (74.53) was
obtained from MS medium supplemented with 0.20 mg/L
KIN, followed by 0.40 mg/L KIN with 51.61 shoots per

explants in line with Karatas et al. [35], who got maximum
number of 2.53 shoots per explants of H. polysperma on
0.20 mg/L KIN. Contrarily, Pandiyan and Selvaraj [30]
achieved maximum number of shoots per explant (8.6 ±
0.6) on MS medium containing 2.0 mg/L KIN. As shown
in Table 1, shoot length was ranged from 2.99-4.93 cm in
all culture medium with maximum shoot length (4.93 cm)
was recorded on 0.20 mg/L KIN. A further increase or decrease of this KIN concentration in the culture medium had
an inhibitory effect on the shoot length. On the other hand,
minimum shoot length (2.99 cm) was recorded on 0.40
mg/L KIN (Table 1). Çiftçioğlu [31] got maximum shoot
length (6.67 cm) on liquid MS medium with 0.05 mg/L
KIN. Khalekuzzaman et al. [36] obtained maximum shoot
length (3.1 ± 0.4 cm) from shoot tip explant of Adhato davasica on MS medium containing 2.0 mg/L KIN.
3.2. DPPH radical scavenging activity

The treatment of scavenging activities on DPPH radicals is a method frequently referenced to determine antioxidant capacities of the plants. Scavenging rate of DPPH
known as a very effective synthetic antioxidant by plant
gives an idea about the antioxidant capacity of that plant.
Therefore, many researchers carried out about free radical
scavenging treatments of different plants [37-47]. However, to acquire some plants that have high antioxidant ac-
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tivity is difficult under all conditions. Therefore, researchers tried to determine antioxidant capacities (free radical
scavenging) of in vitro regenerated plants such as Sanicula
graveolens [47], Stevia rebaudiana and Citrus sinensis
[48], Saccharum officinarum [49], Eruca sativa [50] and Z.
tenuior [23].
Free radicals can damage proteins and genetic materials in human cells. Furthermore, they can cause injury of
the cell membrane by enhancing permeability which eventually leads to cell death [1]. DPPH, a free radical accept
negative or positive charge to become a stable molecule
[51]. Scavenging effects of extracts from C. demersum on

DPPH radicals was found to increase with increased concentrations. Maximum concentrations (10 mg/ml) of water
and methanol extracts showed the highest DPPH scavenging activity with 68.91 and 51.22%, respectively (Fig. 2).
The analysis of variance showed the significant effects
(p< 0.05) of extracts with different concentration for scavenging activities on DPPH radicals (Table 2 and 3). Treatment with water extract of C. demersum led to a higher
scavenging activity compared to methanol extract (Fig. 2).
However, there was no difference among 2 mg/ml of water
extract and concentration of 8 mg/ml of methanol extract
(Fig. 2). Additionally, comparison of each extract used in

80
a

70
b
60

c

Activity (%)

d
50

2 mg/ml

f

f

4 mg/ml

g

40

6 mg/ml
h

30
20

e

8 mg/ml
10 mg/ml

i

10
0
Methanol

Water
Extract

FIGURE 2 - Scavenging ability of extracts in different concentrations from C. demersum on DPPH radicals. Each value is expressed as mean
± standard deviation (n = 3). Values followed by different letters on the columns differ significantly at p< 0.05

TABLE 2 - The results of ANOVA belonging to dose for cumulative DPPH scavenging activity

Water
Gallic acid

Mean difference
(a-b)
-20.3862 c
-30.5266 c

Standard
error
4.65586
4.45764

.000
.000

Methanol
Gallic acid

20.3862 c
-10.1404

4.65586
4.45764

.000
.070

(a) Treatment

(b) Treatment

Methanol a
Water a

Sig. (p)

4.45764
.000
Methanol
30.5266 c
Water
10.1404
4.45764
.070
a
Extract; b Standard solution; c The mean difference is significant at the 0.05 level (p< 0.05); Dependent variable: Percentage activity
of DPPH scavenging

Gallic acid b

2949

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

TABLE 3 - Correlations between different doses and DPPH scavenging activities of two extracts of C. demersum

a

Treatment

Pearson correlation coefficient a

Methanol extract

0.995

Water extract

0.988

Correlation is significant at the 0.01 level (p< 0.01)

TABLE 4 - IC50 values (mg/ml) of extracts and standard for scavenging on DPPH radicals
Treatment

IC50 (Limits)

Slope ± Standard error

Methanol a

10.301 (8.924-12.522) C c

1.421 ± 0.146

Water a

3.689 (2.891-4.403) B

0.868 ± 0.133

0.029 (0.023-0.037) A

0.617 ± 0.055

Gallic acid b
a

b

c

C. demersum extract; Standard solution; Values followed by different capital letters in the same column differ
significantly at p< 0.05

the experiment with other extract and gallic acid (standard
solution) was given in Table 2 by computing p value. Consequently, it is established that there is no significant difference between the water extract and gallic acid (p< 0.05)
Results further revealed that maximum scavenging activities were recorded at concentrations of 10 mg/ml for
both methanol and water extracts (Fig. 2). As shown in Table 3, there were very high positive correlations between
concentration and DPPH scavenging activity. For concentration-scavenging activity correlation, water extract had
lower correlation coefficient (0.988), while higher coefficient belonged to methanol extract (0.995).
The most effective one among two extract was the water extract according to IC50 values. Water extract had the
lowest IC50 value with 3.689 mg/ml. IC50 values of methanol extract was 10.301 mg/ml (Table 4). IC50 value of gallic
acid was computed as 0.029 mg/ml with statistically (p <
0.05) significant difference between this value and the values belong to extracts (Table 4).
4. CONCLUSION
The present investigation demonstrates that efficient
and rapid shoot regeneration of C. demersum on liquid MS
medium containing different concentrations of KIN. 0.20
mg/L KIN was found to be more sufficient for shoots per
explants and shoot length. Methanol and water extracts obtained from C. demersum possessed good antioxidant activity along with strong DPPH radical-scavenging activities. The antioxidant activity of C. demersum also makes
this plant suitable potential source of natural antioxidative
compounds.
The authors have declared no conflict of interest.

2950

REFERENCES
[1]

Fang, Y.Z., Yang, S. and Guoyao, W.G. (2002) Free radicals,
antioxidants, and nutrition. Nutrition 18, 872-879.

[2]

Ames, B.N., Shigenaga, M.K. and Hagen, T.M. (1993) Oxidants, antioxidants, and the degenerative diseases of aging. Proceedings of the National Academy of Sciences 90, 7915-7922.

[3]

Cheesman, K.H. and Slater, T.F. (1993) An introduction to
free radical biochemistry. British Medical Bulletin 49, 481493.

[4]

Frei, B. (1994) Reactive oxgen species and antioxidant vitamins: Mechanisms of action. The American Journal of Medicine 97, 5-13.

[5]

Young, I.S. and Woodside, J.V. (2001) Antioxidants in health
and disease. Journal of Clinical Pathology 54, 176-186.

[6]

Wassmann, S., Wassmann, K. and Nickenig, G. (2004) Modulation of oxidant and antioxidant enzyme expression and
function in vascular cells. Hypertension 44, 381-386.

[7]

Niki, E., Yoshida, Y., Saito, Y. and Noguchi, N. (2005) Lipid
peroxidation: Mechanisms, inhibition, and biological effects.
Biochemical and Biophysical Research Communications338,
668-676.

[8]

Foster, H.D. (2007) A role for the antioxidant defense system
in preventing the transmission of HIV. Medical Hypotheses
69, 1277-1280.

[9]

Gupta, P., Bansal, M.P. and Koul, A. (2013) Lycopene modulates initiation of N-nitrosodiethylamine induced hepato carcino genesis: Studies on chromosomal abnormalities, membrane fluidity and antioxidant defense system. Chemico-Biological Interactions 206, 364-374.

[10] Wu, J.Q., Kosten, T.R. and Zhang, X.Y. (2013) Free radicals,
antioxidant defense systems, and schizophrenia. Progress in
Neuro-Psychopharmacology and Biological Psychiatry 46,
200-206.
[11] Acharya, J.D. and Ghaskadbi, S.S. (2013) Protective effect of
pterostilbene against free radical mediated oxidative damage.
BMC Complementary and Alternative Medicine 13, 238.

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

[12] Tekiner-Gulbas, B., Westwell, A.D. and Suzen, S. (2013) Oxidative stress in carcinogenesis: New synthetic compounds
with dual effects upon free radicals and cancer. Current Medicinal Chemistry 20, 4451-4459.
[13] Xiang, Q., Liu, Q., Xu, L., Qiao, Y., Wang, Y. and Liu, X.
(2013) Carnosic acid protects biomolecules from free radicalmediated oxidative damage in vitro. Food Science and Biotechnology 22, 1-8.
[14] Fki, I., Allouche, N. and Sayadi, S. (2005) The use of polyphenolic extract, purified hydroxytyrosol and 3,4-dihydroxyphenyl acetic acid from olive mill wastewater for the stabilization of refined oils: A potential alternative to synthetic antioxidants. Food Chemistry 93, 197-204.
[15] Lorenzo, J.M., González-Rodríguez, R.M., Sánchez,
M., Amado, I.R. and Franco, D. (2013) Effects of natural
(grape seed and chestnut extract) and synthetic antioxidants
(buthylatedhydroxytoluene, BHT) on the physical, chemical,
microbiological and sensory characteristics of dry cured sausage "chorizo". Food Research International 54, 611-620.
[16] Cadwallader, K.R., Baek, H.H. and Cai, M. (1997) Spices flavor chemistry and antioxidant properties. In: Risch, S.J.,
Ho, C.T. (Eds.), ACS Symp. Ser. 660, American Chemical Society, Washington DC, pp. 66-79.
[17] Geyikoglu, F., Turkez, H. and Aslan, A. (2007) The protective
roles of some lichen species on colloidal bismuth subcitrategeno toxicity. Toxicology and Industrial Health 23, 487492.
[18] Sultana, B., Anwar, F. and Ashraf, M. (2009) Effect of extraction solvent/technique on the antioxidant activity of selected
medicinal plant extracts. Molecules 14, 2167-2180.
[19] Patel, V.R., Patel, P.R. and Kajal, S.S. (2010) Antioxidant activity of some selected medicinal plants in western region of
India. Advances in Biological Research 4, 23-26.
[20] Shai, L.J., Masoko, P., Mokgotho, M.P., Magano, S.R.,
Mogale, A.M., Boaduo, N. and Eloff, J.N. (2010) Yeast alphaglucosidase inhibitory and antioxidant activities of six medicinal plants collected in Phalaborwa, South Africa. South
African Journal of Botany 76, 465-470.
[21] Turkez, H., Geyikoglu, F., Aslan, A., Karagoz, Y., Turkez, O.
and Anar, M. (2010) Antimutagenic effects of lichen Pseudovernia furfuracea (L.) Zoph.Extracts against the mutagenicity of aflatoxin B1in vitro. Toxicology and Industrial Health
26, 625-631.
[22] Barku, V.Y.A., Opoku-Boahen, Y., Owusu-Ansah, E., Dayie,
N.T.K.D. and Enock, F. (2013) In-vitro assessment of antioxidant and antimicrobial activities of methanol extracts of six
wound healing medicinal plants. Journal of Natural Sciences
Research 3, 74-80.
[23] Dakah, A., Zaid, S., Suleiman, M., Abbas, S. and Wink M.
(2014) In vitro propagation of the medicinal plant Ziziphora
tenuior L. and evaluation of its antioxidant activity. Saudi
Journal of Biological Sciences 21, 317-323.
[24] Baba, S. and Malik, S.A. (2014) Evaluation of antioxidant and
antibacterial activity of methanolic extracts of Gentiana kurrooroyle. Saudi Journal of Biological Sciences 21, 493-498.
[25] Arber, A. (2010) Water plants. A study of aquatic angiosperms. Cambridge University Press, New York, U.S, p. 88.
[26] Taranhalli, A.D., Kadam, A.M., Karale, S.S. and Warke, Y.B.
(2011) Evaluation of antidiarrhoeal and wound healing potentials of Ceratophyllum demersum Linn. whole plant in rats.
Latin American Journal of Pharmacy30, 297-303.
[27] Fareed, M.F.,Haroon, A.M. and Rabeh, S.A. (2008) Antimicrobial activity of some Macrophytes from Lake Manzalah
(Egypt). Pakistan Journal of Biological Sciences11, 2454-2463.

2951

[28] Xiao-Li, L., Ying, Q., Xian-Min, Z., Bo-Lin, M. and MingHua, Q. (2007) Chemical constituents from Ceratophyllum demersum (Ceratophyllaceae). Acta Bot Yunnanica 29, 263-264.
[29] Murashige, T. and Skoog, F. (1962) A revised medium for
rapid growth and bioassays with tobacco tissue cultures. Physiologia Plantarum15, 473-497.
[30] Pandiyan, P. and Selvaraj, T. (2012) In vitro multiplication of
Bacopa monnieri (L.) Pennell from shoot tip and nodal explants. Journal of Agricultural Technology 8, 1099-1108.
[31] Ciftcioglu, M. (2013) In vitro propagation of Rotala [Rotala
rotundifolia (Buch-Ham. ex Roxb) Koehne] plants. M.S. thesis, Karamanoglu Mehmetbey University, Karaman, Turkey.
[32] Cinar, A. (2013) In vitro propagation of Hygrophila polysperma. M.S. thesis, Karamanoglu Mehmetbey University,
Karaman, Turkey.
[33] Manik, S.R., Yatoo, G.M., Ahmad, Z. and Nathar, V.N. (2012)
Direct organogenesis of Mentha piperata L. from shoot tip,
nodal and sucker explants. Journal of Agricultural Technology
8, 663-669.
[34] Shahzad, A., Parveen, S. and Fatema, M. (2011) Development
of a regeneration system via nodal segment culture in Veronica
anagallis-aquaticaL.-An amphibious medicinal plant. Journal
of Plant Interactions 6, 61-68.
[36] Karatas, M., Aasim, M., Çınar, A. and Dogan, M. (2013) Adventitious shoot regeneration from leaf explant of dwarf hygro
(Hygrophila polysperma (Roxb.) T. Anderson).The Scientific
World Journal vol 2013, Article ID 680425, 7 pages.
[35] Khalekuzzaman, M., Rahman, M.S., Rashid, M.H. and Hossain, M.S. (2008) High frequency in vitro propagation of
Adhato davasica Nees through shoot tip and nodal explants
culture Journal of Bio-Sciences16, 35-39.
[37] Puttaraju, N.G., Venkateshaiah, S.U., Dharmesh, S.M., Urs,
S.M.N. and Somasundaram, R. (2006) Antioxidant activity of
indigenous edible mushrooms. Journal of Agricultural and
Food Chemistry 54, 9764-9772.
[38] Wong, S.P., Leong, L.P. and Koh, J.H.W. (2006) Antioxidant
activities of aqueous extracts of selected plants. Food Chemistry 99, 775-783.
[39] Barros, L., Baptista, P. and Ferreira, I.C.F.R. (2007) Effect of
Lactarius piperatus fruiting body maturity stage on antioxidant activity measured by several biochemical assays. Food
and Chemical Toxicology 45, 1731-1737.
[40] Barros, L., Falcao, S., Baptista, P., Freire, C., Vilas-Boas, M.
and Ferreira, I.C.F.R. (2008) Antioxidant activity of Agaricus
sp. mushrooms by chemical, biochemical and electrochemical
assays. Food Chemistry 111, 61-66.
[41] Elmastas, M., Isildak, O.,Turkekul, I. and Temur, N. (2007)
Determination of antioxidant activity and antioxidant compounds in wild edible mushrooms. Journal of Food Composition and Analysis 20, 337-345.
[42] Ferreira, I.C.F.R., Baptista, P., Vilas-Boas, M. and Barros, L.
(2007) Free-radical scavenging capacity and reducing power
of wild edible mushrooms from northeast Portugal: Individual
cap and stipe activity. Food Chemistry 100, 1511-1516.
[43] Oyetayo, V.O. (2009) Free radical scavenging and antimicrobial properties of extracts of wild mushrooms. Brazilian Journal of Microbiology 40, 380-386.
[44] Oyetayo, V.O., Dong, C.H. and Yao, Y.J. (2009) Antioxidant
and antimicrobial properties of aqueous extract from Dictyophora indusiata. The Open Mycology Journal 3, 20-26.
[45] Yeh, J.Y., Hsieh, L.H., Wu, K.T. and Tsai, C.F. (2011) Antioxidant properties and antioxidant compounds of various extracts from the edible basidio mycete Grifola frondosa
(Maitake). Molecules 16, 3197-3211.

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

[46] Christhudas, I.V.S.N.,Kumar, P.P.,Sunil, C.,Vajravijayan,
S.,Sundaram, R.L.,Skil, S.J. and Agastian, P. (2013) In vitro
studies on alpha-glucosidase inhibition, antioxidant and free
radical scavenging activities of Hedyotis biflora L. Food
Chemistry 138, 1689-1695.
[47] Pal, J., Ganguly, S., Tahsin, K.S. and Acharya, K. (2010) In
vitro free radical scavenging activity of wild edible mushroom,
Pleurotus squarrosulus (Mont.) Singer. Indian Journal of Experimental Biology 48, 1210-1218.
[48] Cheel, J., Hirschmann, G.S., Jordan, M., Theoduloz, C.,
Rodrı´guez, J.A., Gerth, A. and Wilken, D. (2007) Free radical
scavenging activity and secondary metabolites from in vitro
cultures of Sanicula graveolens. Zeitschrift Fur
Naturforschung C-A Journal Of Biosciences 62, 555-562.
[49] Ahmad, N., Fazal, H., Abbasi, B.H., Rahman, I., Anwar, S.,
Khan, M.A., Basir, A., Inayat, H., Zameer, R., Khalil S.A. and
Khan, K.Y. (2011) DPPH-scavenging antioxidant potential in
regenerated tissues of Stevia rebaudiana, Citrus sinensisand
Saccharum officinarum. Journal of Medicinal Plants Research
5, 3293-3297.
[50] Zamir, R., Khalil, S.A., Shah, S.T., Ahmad, N. and Saima, N.
(2012) Antioxidant activity influenced by in vivo and in vitro
mutagenesis in sugarcane (Saccharum officinarumL.). African
Journal of Biotechnology 11, 11686-11692.
[51] Soares, J.R., Dins, T.C.P., Cunha, A.P. and Ameida, L.M.
(1997) Antioxidant activity of some extracts of Thymuszygis.
Free Radical Research 26, 469-478.

Received: February 17, 2015
Accepted: April 28, 2015

CORRESPONDING AUTHOR
Mehmet Karatas
Department of Biotechnology
Faculty of Science
Necmettin Erbakan University
Konya
TURKEY
E-mail: mkaratas@kmu.edu.tr
FEB/ Vol 24/ No 9a/ 2015 – pages 2946 - 2952

2952

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

IN VITRO MONOSPECIES, MULTISPECIES
AND NECROTROPHIC BIOFILM PRODUCTION OF
Legionella pneumophila IN WATER SUPPLY SYSTEMS
Ozgur Ceylan1* and Bulent Turasay2
1

Apiculture Program, Ula Ali Kocman Vocational School, Mugla Sıtkı Kocman University, 48147 Ula, Mugla, Turkey
2
Water Microbiology Department, Public Health Laboratory of Mugla, 48000, Mentese, Mugla, Turkey

ABSTRACT
Biofilms provide a shelter for microorganism to survive in unsuitable environments. Legionella pneumophila
can produce monospecies biofilms in vitro, but usually exist in multispecies biofilms in nature. In this study, biofilm
production capabilities of L. pneumophila strains isolated
from water supply systems, the main resource of legionnaire’s disease, was investigated. They were detect-ted to
form biofilms in sterile tap water and BYE medium. In addition, it was shown that L. pneumophila had the ability of
biofilm production using dead bacteria cells as food. Multispecies biofilm production and attachment to preformed
biofilms were studied with six other bacterial species. L.
pneumophila was found to have positive biofilm interactions for multispecies biofilm production with Klebsiella
pneumoniae, Enterococcus faecalis, Pseudomonas putida
and Pseudomonas flourescens, and for attachment to preformed biofilms with K. pneumoniae, E. faecalis and P.aeruginosa. The results suggest that L. pneumophila could
produce biofilms and join to biofilms of other bacteria,
even in the conditions that it is not able to grow.
KEYWORDS:
Legionella pneumophila; Biofilm; Biofilm production; Necrotrophic
biofilm; Pseudomonas aeruginosa; Klebsiella pneumoniae

1. INTRODUCTION
Biofilm can be simply defined as a community of microorganism attached to a surface [1]. Biofilm-formed microorganisms are in an extracellular polymeric (EPS) matrix that produced by themselves. Therefore, they become
more resistant to environmental factors [2], and to antibiotics [3]. Biofilms may be formed as a population of single
species, and may be formed from different microbial species [4]. They are called monospecies and multispecies biofilms, respectively.
* Corresponding author

Biofilms formed in the water supply pipes, ensure many
pathogenic microorganisms to survive for a long time, and
even interfere with detection of these microorganisms by
culture methods [5]. Legionella pneumophila, one of these
pathogens, can grow in the biofilms of water supply systems
[6]. Colonization of potable water systems by L. pneumophila is the first step in the transmission of legionnaire’s disease to humans. There are two important phenomena providing survival of L. pneumophila in potable waters: biofilms
[7] and parasitism in protozoa [8, 9].
L. pneumophila is widespread in aquatic environments
[10], even in extreme conditions [11]. Biofilms take an important place in their life cycle by providing an escape from
unfavorable conditions [12]. It was shown that L.pneumophila could form monospecies biofilms [13, 14], and attach to preformed multispecies biofilms [15]. Biofilm production capacity of L. pneumophila was found higher than
other Legionella species [16], and biofilm derived L. pneumophila was detected to be more virulent than planktonic
forms [17, 18]. Additionally, Temmerman et al. [19] revealed that L. pneumophila is able to reproduce using dead
bacteria cells as nutrient. It provides an opportunity for
rapid multiplication after disinfection of water supply
pipes.
Legionnaire’s disease is travel associated, and most of
the reported sources of the disease are tourist facilities.
Thus, in this study, the biofilm production features of
L.pneumophila strains isolated from various buildings in
Muğla, a developed city in terms of tourism, was investigated. In vitro monospecies and multispecies biofilms of L.
pneumophila were studied in BCYE, sterile tap water and
necrotrophic medium.
2. MATERIALS AND METHODS
2.1 Bacterial strains and media

L. pneumophila strains employed in this study were
isolated from water systems of various buildings in Muğla,
Turkey. Isolation was performed by culture with membrane filtration and acid treatment [20], and then inocula-
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tion to BCYE and MWY media [21]. Eleven isolated
strains were assigned with numbers from L1 to L11. Four
of strains (L2, L5, L6, L10) were identified as serogroup 1
and the rest (L1, L3, L4, L7, L8, L9, L11) as SG 2-14, with
latex agglutination test (Oxoid) [22].
Pseudomonas aeruginosa (ATCC 10145), P.fluorescens (MU87), P.putida (MU171), Klebsiella pneumoniae (ATCC 13883), Enterobacter aerogenes (RSKK),
Enterococcus faecalis (ATCC 19433) was employed in
multispecies biofilm studies.
Buffered yeast extract broth (BYE), tryptic soy broth
(TSB), sterile tap water (STW), and sterile tap water containing dead bacteria cells (Necrotrophic) were used as biofilm
media. Tap water was sterilized by filtration with 0.2 nm filter.
2.2 Monospecies biofilm formation

Microtiter plate biofilm assay [23] and method of
Mampel et al. [24] was modified and performed in glass
test tubes (100x160mm). Microorganisms were diluted to
give 0.2 OD at 600 nm. 2 ml of the bacteria suspension was
dispersed into each test tube, and incubated at 37°C for biofilm production. Tubes containing no bacteria were used as
negative control.
Necrotrophic biofilm production was studied in sterile tap water containing 109cfu/mL heat killed cells of P.
fluorescens, P. putida, K. pneumoniae, E. aerogenes and
E. faecalis.
2.3 Multispecies biofilm formation

Biofilm production of L. pneumophila jointly with
other bacteria was studied in TSB as described in monospecies biofilm production. Differently, 1 mL L. pneumophila,
and 1 mL other bacteria was dispersed to each tube.
Attachment of L. pneumophila to preformed 24h biofilms of other bacteria was studied in TSB. Planktonic cells
and media were removed from 24h incubated tubes, and
2mL of L. pneumophila was dispersed. Own suspension of
the bacteria forming the 24h biofilm or sterile TSB were

dispersed to tubes as positive control. Tubes containing
TSB but no microorganism were employed as negative
control.
2.4 Measurement of biofilm

After incubation, planktonic cells and media were removed, and attached cells were fixed at 80°C, 10 minutes.
All tubes were stained with 2ml of 0.3% crystal violet (CV)
during 15 minutes, and rinsed with sterile distilled water
three times. Tubes were left to dry upright at room temperature. Stained CV was dissolved in ethanol for 15 minutes
and transferred to 12x92 mm PS tubes for measuring optical
density (OD) in 570 nm.
Biofilm production capabilities of bacteria were evaluated as described by Stepanovic et al. [25]. Three standard
deviations above of mean OD of the negative controls were
defined as cut-off OD (ODC). Biofilm production capabilities were scored as follows:
ODS < ODC
No biofilm production, (-) score
Weak biofilm, (+) score
ODC ≤ ODS < 2xODC
2xODC ≤ ODS < 4xODC
Moderate biofilm, (++) score
Strong biofilm, (+++) score
4xODC ≤ ODS
Sample OD: ODS, Cut-off OD: ODC

3. RESULTS
3.1 Monospecies biofilms of L. pneumophila

Biofilm production capabilities of 11 L.pneumophila
strains at 37°C 72h, in filter sterilized tap water and BYE
broth were shown in Table 1. Best biofilm producers were
detected as L7, L8 and L11 in STW, and L8, L10 and L7
in BYE. Biofilm production was observed in STW for all
strains except L1. On the other hand, it was found that five
strains could produce weak (+) biofilm, while the other six
produce moderate biofilm (++) in BYE. Biofilm production rates in BYE were approximately two fold higher than
in STW for most of the strains.

TABLE 4 - Biofilm production capabilities of L.pneumophila strains at 37°C, 72h.
Strains
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11

Sterile Tap Water
OD570nm
0.40±0.04
0.53±0.06
0.53±0.03
0.57±0.07
0.56±0.09
0.49±0.08
0.61±0.06
0.61±0.04
0.54±0.09
0.58±0.03
0.60±0.03

OD/Cut off
0.96
1.26
1.26
1.34
1.32
1.15
1.45
1.44
1.27
1.36
1.41

Score
+
+
+
+
+
+
+
+
+
+
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BYE Broth
OD570nm
0.84±0.10
0.91±0.06
1.07±0.04
1.10±0.06
1.05±0.05
0.97±0.04
1.11±0.04
1.35±0.07
0.95±0.06
1.27±0.08
0.92±0.04

OD/Cut off
1.72
1.85
2.19
2.24
2.15
1.98
2.26
2.77
1.94
2.60
1.88

Score
+
+
++
++
++
+
++
++
+
++
+
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3.2 Necrotrophic biofilms of L. pneumophila

Six strains determined to produce maximum biofilm
was studied in five different necrotrophic media. Compared to negative controls, necrotrophic biofilm production
was detected in almost all of the trials, except L3 in P.
putida dead cells (Table 2). Only L8 was produced moderate (++) score biofilm in E. aerogenes dead cells, while the
remaining was weak (+). “P” values were calculated according to biofilm values in STW and shown in Table 2.
Biofilm production capabilities of L. pneumophila
strains are ranked as L7, L8, L10, L5, L4 and L3 (Fig. 1).
Necrotrophic biofilm values are slightly higher than STW
biofilms, but quite lower than BYE biofilms.
3.3 Multispecies biofilm production of L. pneumophila

L. pneumophila was found to produce multispecies biofilms jointly with P. fluorescens, P. putida, K. pneumoniae,
E. faecalis significantly higher than monospecies biofilms
(Fig. 2). However, multispecies biofilm production with P.
aeruginosa was lower than monospecies biofilms.

Multispecies biofilms of L. pneumophila with P. fluorescens and E. faecalis, were found to have moderate (++)
biofilm production score, and the rest were found weak (+).
3.4 Attachment of L. pneumophila to preformed biofilms

L. pneumophila suspensions were added to tubes containing preformed biofilms of other bacteria and the results
were compared with control studies that sterile TSB or suspension of biofilm production bacteria were used instead
of L. pneumophila.
L. pneumophila was found to attach and produce significantly biofilms on P. aeruginosa, E. faecalis and K. pneumophila biofilms, compared to the control results (Fig. 3).
Maximum biofilm production was shown on K. pneumoniae
biofilms, approximately 70% higher than control values. Increase was found not remarkable for E. aerogenes and P.
fluorescens. Addition of L. pneumophila on P. putida biofilms caused a decrease of biofilm values.
Two control studies showed similar results, except
for P. fluorescens. Addition of TSB was found higher than

TABLE 2 - Biofilm production capabilities of L.pneumophila strains in necrotrophic media (OD/Cutoff)
Necrotrophic Media (STW + Dead Bacteria Cells 109 cfu mL-1)
E.faecalis
E.aerogenes
K.pneumoniae
L3
1.23 (+)
1.37 (+)
1.30 (+)
L4
1.11 (+)
1.32 (+)
1.30 (+)
L5
1.42 (+)
1.29 (+)
1.42 (+)
L7
1.48 (+)*
1.60 (+)
1.47 (+)
L8
1.17 (+)
2.03 (++)**
1.60 (+)
L10
1.45 (+)**
1.35 (+)
1.59 (+)*
*P<0.05; **P<0.01
Strains

P.putida
0.99 (-)
1.12 (+)
1.53 (+)*
1.63 (+)*
1.19 (+)
1.49 (+)*

P.fluorescens
1.10 (+)
1.20 (+)
1.42 (+)*
1.25 (+)
1.45 (+)**
1.40 (+)*

FIGURE 1 – Comparison of necrotrophic biofilms of L. pneumophila with biofilms in STW and BYE.

2955

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

FIGURE 2 – Comparison of monospecies and multispecies biofilms produced by L. pneumophila with other bacteria.

FIGURE 3 – Biofilm production of L. pneumophila on biofilms of other bacteria.

addition of P. fluorescens on 24h biofilms of P. fluorescens.

grow easily. According to biofilm results of our study,
L.pneumophila can produce weak biofilms in STW. OD results was found at 570nm between 0.404 - 0.614, and biofilm values between (OD/cutoff) 0.96 – 1.45.

4. DISCUSSION
L. pneumophila has fastidious growth characteristics,
and cannot multiply in usual media that other bacteria can

Six of our L. pneumophila strains showed moderate
(++) biofilm production in BYE, while the other five was
weak (+). The maximum OD/cutoff value was 1.45 in STW
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TABLE 3 - Comparison of multispecies biofilm interactions of L.pneumophila with other bacteria
Jointly biofilm production with L.pneumophila
P.aeruginosa
―
P.putida
+
P.fluorescens
+
E.aerogenes
N
E.faecalis
+
K.pneumoniae
+
(“+”: Positive interaction, “―”: Negative interaction, “N”: No interaction)

and the minimum in BYE was 1. 72. These results enhance
the importance of biofilm production in STW.
Mampel et al. [24] had found 3.0 OD at 600 nm, and
Tai et al. [14] between 0.2 - 0.8 OD at 550 nm, with similar
methods in BYE. However, former had used clinical and
environmental isolates, while latter had used potable water
systems isolates, as in our study. The three-fold difference
between biofilm results was probably depends on the isolates rather than methods.
Because the majority of the microorganisms die after
disinfection in potable water systems, an environment occurs for microorganisms which get rid of disinfection,
where there is no competition, and plenty of organic waste.
It was reported that L pneumophila could reach high concentrations in water supply systems after high temperature
disinfection [26, 27]. Temmerman et al. [19] detected that
in a necrotrophic media contains 106 cfu/ml L. pneumophila and 109 ml-1 P. putida dead cells, concentration of L.
pneumophila increased to 1.1 x 107 cfu/ml after 96h incubation. The result means that L. pneumophila could use of
dead cells to multiply.
In our study, biofilm production capability of L. pneumophila was investigated in necrotrophic media similar
with Temmerman et al. [19] had used. Seven of total 30
results were found higher than negative results as P<0.05,
and three as P<0.01. It means, L. pneumophila could produce necrotrophic biofilms significant as statistically in 1/3
of experiments. To our knowledge, this is the first study
reporting the necrotrophic biofilm production of L. pneumophila.
Microorganisms have complex relationships with each
other either in nature or in water supply systems biofilms.
Likewise, L. pneumophila is related to other bacteria as
well as protozoa in biofilms. Murga et al. [28] showed that
L. pneumophila could attach and survive fifteen days in
biofilms produced by P. aeruginosa, K. pneumoniae and
Flavobacterium sp. Whereas, Stewart et al. [15] reported
that L. pneumophila could not attach to P. aeruginosa biofilms, while could survive in P. putida, K. pneumoniae and
Flavobacterium biofilms. It was also reported that Quorum
sensing molecules of P. aeruginosa prevented the growth
and biofilm production of L. pneumophila [29].
Our results have showed that L. pneumophila had positive biofilm interaction with E. faecalis, K. pneumoniae,
P. fluorescens and P. putida. The biofilm produced to-

Attachment of L.pneumophila to 24h biofilms
+
―
N
N
+
+

gether with mentioned species were found higher than negative controls as significant statistically. All multispecies
biofilm interactions were shown in Table 3.
L. pneumophila and P. aeruginosa have negative (-)
biofilm interaction between them in consistent with literature. However, when L. pneumophila added to preformed
P. aeruginosa biofilms, a remarkable increase was observed in comparison with negative controls. The results
suggest that L. pneumophila could attach P. aeruginosa
biofilms in contrast to the literature.
According to our results, L. pneumophila could attach
and grow at most in K. pneumoniae biofilms among the
bacteria in this study. K. pneumoniae and E. faecalis have
positive interactions with L. pneumophila in terms of either
biofilm production or attachment to preformed biofilm. On
the other hand, E. aerogenes was observed to have no biofilm interaction with L. pneumophila.
It was found that L. pneumophila could produce biofilms jointly with P.putida and P.fluorescens, but could not
colonize to their preformed biofilms. Our results suggest
that interaction between two different species during biofilm production, could be opposite during attachment to
preformed biofilms (Table 3).
5. CONCLUSION
In brief, L.pneumophila was shown to be able to produce biofilm in vitro in STW, BYE and necrotrophic media
and jointly with other bacterial species K.penumoniae,
E.faecalis, P.putida and P.fluorescens, and to be able to attach and grow in preformed biofilms of K.pneumoniae,
P.aeruginosa and E.faecalis. Results indicate that L.pneumophila has the capacity of biofilm production and attachment to biofilms, even in the environments that could not
grow. So that the control measures to prevent colonization
of L.pneumophila in water supply systems, must include
the treatments to eradicate biofilms, and must be repeated
to inhibit necrotrophic growth and biofilms.
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ABSTRACT
Enzyme complex contained four CMCases activity
from Aspergillus tamari Redpep4 was purified with ammonium sulphate precipitation and gel filtration chromotography. A. tamari Redpep4 produced maximum CMCase
when wheat bran was used as carbon source. Four bands
on PAGE have CMCase activity according to zymogram
activity test. The optimum temperature and pH of CMCase
was 60 °C and pH 4.0, respectively. The enzymes can sustain 57% of its activity at 60 °C for 7 h. Obtained cellulase
complex had high substrate specifity toward CMC. Additionally, effects of some metal ions and surfactants on
CMCase were determined. BaCl2 activated it, whereas
some of other salt ions inhibited. Kinetic studies showed
that Km and Vmax value of CMCase were 2.27 mg /mL and
6.61 EU/mL, respectively.
We suggest that the obtained enzyme has adequate
properties for industrial process with high thermal stability,
optimum temperature and low Km.
KEYWORDS: CMCase; purification; characterization; metal salts;
surfactants; kinetic study

ABBREVIATIONS
Carboxymethyl cellulase, CMCase; carboxymethylcellulose, CMC; 3,5-dinitrosalicylic acid, DNS; MichaelisMenten constant, Km; polyacrylamide gel electrophoresis,
PAGE; sodium dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE; Wheat Bran, WB; H3PO4-Swollen Cellulose, H3PO4-SC
1. INTRODUCTION
Cellulose is the most abundant polysaccharide on nature
and composed of glucose units linked with ß-1,4-glycosidic
* Corresponding author

bonds. Bioconversion of cellulose containing cellulosic
wastes (Wheat bran, sawdust, etc.) attracts a great deal of
attention due to the fact that these are inexpensive carbon
sources for cellulase production. Cellulases are inducible enzymes synthesized by various microorganisms during their
growth on cellulosic materials. Effective cellulose hydrolysis requires three major hydrolytic enzymes activity; endoβ-(1,4)-D-glucanase (endoglucanase; EG, carboxymethylcellulase; CMCase), which randomly cleave internal ß-glycosidic bonds in amorphous region of cellulose chain; exo(1,4)-D-glucanase cellobiohydrolases; CBH, avicelase),
which catalyze the cleavage ß-1,4-glycosidic bond from the
end of the cellulose chain, producing cellobiose and glucose;
and ß-glucosidases cellobiase), which hydrolyze cellobiose
and other oligosaccharides into glucose [1-3].
Although different microorganisms can produce cellulolytic enzymes, Trichoderma reesei and A. niger are
mostly used for production of industrial cellulases. Aspergillus species have been widely investigated because these
species can produce higher level of thermostable enzymes
and ß-glucosidase when compared to T. reesei. The reaction conditions and the production costs of these enzymes
have significantly influence at their usage in different industrial applications. Therefore, there are many works to
obtaining new microorganisms which has great efficiency
to produce characterized cellulolytic enzyme and to finding
novel enzyme variants with high temperature optimum and
longtime durability which are desirable characteristics for
commercial applications of enzymes [4-7].
Major industrial applications of cellulases are in textile
industry, food and feed and paper industry. In addition, cellulases have a crucial potential in the bioethanol production
[8, 9].
In this paper, purification and characterization of
CMCase from local isolate A. tamari Redpep4 was described. Effects of different carbon sources on CMCase production were compared. Additionally, optimum properties,
kinetic parameters of the enzyme complex and effects of
some ions and surfactants were investigated.
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2. MATERIALS AND METHODS
2.1 Identification of microorganisms

The microorganism used as CMCase producer in this
study was isolated from near soil of hot spring water, Karahayıt, Denizli and identified with 18S rRNA gene sequences
analysis.
In our study, DNA isolation was made by classical phenol chloroform method. Purity and concentration measurements were made by nonodrop spectrophotometer (Thermo).
PCR reactions were carried out at 95°C 5 min, 35 cycle of
94°C 1 min, 55°C 1 min, 72°C 1 min, and 72°C 7 min. 5X
Firepol Master Mix was used in reactions with ITS primers
(ITS1 and ITS4). Electrophoresis was made in agarose jel
(1.2%). For sequencing, samples were sent to Macrogen Europe. Sequence data was processed with Blastn. Sequence
alignment and neighbour joining tree constraction was made
by using MEGA6.06 software. For aligning sequences ClustalW was used which was in MEGA software. The strain was
maintained on potato dextrose agar slant at 35 °C.
2.2 Production of CMCase with various carbon sources

Enzyme production from A. tamari Redpep4 was performed according to Mandel and Weber [10]. To determine
efficient carbon source for CMCase production, A. tamari
was grown in Mandel Weber medium with various carbon
sources. For that purpose, rose pulp, CMC, avicel, cellulose,
wheat bran, H3PO4 swollen cellulose, CMC + wheat bran,
CMC + H3PO4 swollen cellulose, CMC+ H3PO4 swollen cellulose + wheat bran were used as carbon sources, individually. Initial pHs of mediums were adjusted pH 4.0 and sterilization was made by autoclaving at 121 °C for 15 min. After
inoculation with A. tamari Redpep4, the mediums were incubated in an orbital shaker at 120 rpm, 35 °C. The sample
was taken from mediums starting with second day of fermentation and CMCase activity was measured. Optimum
enzyme production day was determined.
2.3 Enzyme activity

CMCase activity was determined by estimation of the
reducing sugar liberating from 1% w/v CMC at 60 °C for
30 min with DNS method [11].
One unit of the CMCase activity was defined as 1 μmol
of glucose equivalent released per minute under the assay
conditions. The CMCase activity was determined by using
glucose calibration curve.

cipitate of the enzyme. For this, precipitation was performed
with increment steps up from 0% to 100% ammonium sulphate saturation. The enzyme solution was loaded onto gel
filtration chromotography (Sephadex G-100). The elution
was performed with 50 mM citrate buffer (pH 4.0) at a flow
rate of 1 mL/min. Dialysis throughout the study was used for
removing salt from the enzyme solution toward 50 mM citrate buffer (pH 4.0) for 48 h. Fractions having CMCase activities were collected, and then used at further study.
2.6 Electrophoretic analysis

Native PAGE and SDS-PAGE were performed on polyacrylamide slab gel (10% acrylamide of separating gel,
5% acrylamide of stacking gel) as described by Laemmli
[13] for analyzing enzyme purity.
Electrophoresis was performed at room temperature
for 2 h with a 150 Volt. The gels were stained for protein
band by the Coomassie-staining method. Thermo Scientific PageRulerTM plus prestained protein ladder was used
as standard marker (250 kDa, 130 kDa, 100 kDa, 70 kDa,
55 kDa, 35 kDa, 25 kDa, 15 kDa, 10 kDa).
Active staining of CMCase was done with congo red
dye. Native PAGE was performed with 1% (w/v) CMC
contained gel. Polyacrylamide gel (contained 1% (w/v)
CMC) was waited in 50 mM citrate buffer (pH 4.0) for 30
min. It was stained with 0.1% (w/v) Congo red solution for
15 min, and then distained for 15 min in 1.0 M NaCl solution at room temperature. The protein bands with CMCase
activity were located as clear zones on the gel.
2.7 Optimum pH and temperature

The activity was measured with 1% w/v CMC solutions prepared in various pHs of (50 mM pH 3.0-5.0 citrate
buffer and 50 mM phosphate buffer pH 6.0-9.0) of buffers
at 60 °C for 30 min. The amount of reducing sugar was
determined by DNS method.
The activity was measured with 1% w/v CMC in 50 mM
citrate buffer (pH 4.0) at various temperatures from 4 °C to
90 °C for 30 min. Then, the amount of reducing sugar was
determined by DNS method.
2.8 Thermal Stability

The purified enzyme was incubated at 60°C, pH 4.0
(50 mM citrate buffer) for different times (0.16; 0.5; 0.75; 1;
2; 3; 4; 5; 6; 7 h). Then, the residual activity of enzyme was
measured as above mentioned standard assay conditions.
2.9 Kinetic parameters

2.4 Protein determination

Protein concentration was determined by Lowry method
using BSA as standard [12].
2.5 Purification of CMCase

After 96 h incubation, the culture was centrifuged at
8,000xg for 30 min. The supernatant was used for fractional
ammonium sulphate precipitation. First, appropriate amount
of ammonium sulphate was determined for efficiently pre-

The kinetic parameters (Km and Vmax) of enzyme were
determined using different concentrations of CMC (1.04.2 mg/mL) in activity assay. Values of Km and Vmax were
calculated by using Lineweaver-Burk plot.
2.10 Substrate specifity

To evaluate substrate specify of purified enzyme, the
hydrolytic activity of the CMCase against 2% CMC, avicel,
cellulose, wheat bran, grass, cotton, filter paper, soluble
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starch, starch, rose pulp in 50 mM citrate buffer (pH 4.0)
were determined at 60 °C for 30 min.

3. RESULTS AND DISCUSSION
3.1 Identification of microorganisms

2.11 Effect of metal ions and surfactants on the CMCase activity

Different metal ions (MgSO4, Na2SO4, CuSO4, ZnSO4,
MnSO4, CaCl2, CuCl2, BaCl2, CoCl2, MgCl2, Na2CO3,
NaCl, FeCl3, FeSO4, LiCl and KCl) were added in the reaction mixture and then, incubated at 60 °C for 30 min and
the CMCase activity was determined by DNS method. The
used concentrations of metal ions were given in Table 1.
Different surfactants (SDS, tween 80, tween 40, triton
X-100) were added in the reaction mixture and then, incubated at 60 °C for 30 min and the CMCase activity was
determined by DNS method. The used concentrations of
surfactant were given in Table 1.
TABLE 1 - The range of concentrations of metal salts and surfactants.
Metal salts

The range of concentrations (Mx10-3)

MgCl2
MgSO4
NaCl
Na2SO4
Na2CO3
FeCl3
FeSO4
Cul2
CuSO4
LiCl
CaCl2
CoCl2
BaCl2
KCl
MnSO4
ZnSO4

3.5-31.6
7-84
3.5-52.6
21.1-42
7-84
1.7-17.4
1.7- 17.4
1.7-7
0.9-5.3
3.5-70.2
35.1-175.4
1.7-42
1.7-31.6
3.5-52.6
3.5-52.6
3.5-21.1

The isolated fungi was idendified by molecular characterization technique. In this technique, genomic DNA of
fungi was isolated and then, internal transcribed spacer
(ITS) was amplified with ITS1 and ITS4 primers. Phylogenetic analysis was done.
Consequently, Fig. 1 shows the pylogenetic tree of
8 type strain. The strain which used in this study was a
member of the genus Aspergillus and identified as Aspergillus tamari strain Redpep4.
3.2 CMCase production with various carbon sources

CMCase production from A. tamari Redpep4 was performed as described by Mandels and Weber [10] with various carbon sources (rose pulp, CMC, avicel, cellulose,
Wheat Bran, H3PO4 swollen cellulose, CMC + Wheat
Bran, CMC + H3PO4 swollen cellulose, CMC+ H3PO4
swollen cellulose + Wheat Bran ) at 120 rpm, 35 °C .
Since used carbon source is effective on cost of enzyme production, there is interest to find cheap and easily
available substrate [14]. In this study, to make the CMCase
production economically viable, effect of different carbon
sources on CMCase production from A. tamari Redpep4
were compared.
When 1% w/v wheat bran was used as a carbon sources,
it was determined that the CMCase activity was maximum
(Fig. 2). This decreases the cost of the enzymes production,
remarkably. Additionally, CMCase activity was determined
from culture supernatant and the optimum incubation time
was determined as 96 h (Fig. 2). When CMC and wheat bran
were used in combination, the activity of CMCases were
higher than only CMC used as a carbon sources.

FIGURE 1 - The phylogenetic tree of A. tamari Redpep4.
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FIGURE 2 - The effects of different carbon sources on CMCase production.

TABLE 2 - Summary of the purification of endo-β-1,4-glucanase from A. tamari Redpep4.
Steps
Supernatant
Ammonium sulfate (60-90 %)
Gel filtration chromatography

Total protein
(mg)
55.4
8.5
3.13

Total activity
(EU)
209.4
57.82
1.705

It was reported that wheat bran the most efficient carbon source for cellulase production from A. flavus [15], T.
viride [16]. Although George et al. [21] used cellulose paper powder for CMCase production in their study; they indicated that wheat bran and corncob were also suitable carbon sources.
3.3 Purification of CMCase

After 96 h incubation, the culture was centrifuged. The
obtained culture supernatant was used further purification
steps. The purification was performed with ammonium sulphate precipitation (60-90% saturation) and gel filtration
chromatography (Sephadex G-100). The results of the purification were given in Table 2. The results indicate that
the enzymes were purified 4-fold with 0.8% yield from culture supernatant. The specific activity of the purified
CMCases was 15.2 EU/mg.
Previously, Naika et al. [18] purified CMCase from A.
aculeatus by DEAE Sephadex chromatography and observed 4-fold purification with 25% yield. Tao et al. [19]
purified CMCase from A.glaucus XC9 21.5 fold with
22.3% yield by Sepharose Fast Flow and Sephadex G-100.

Specific activity
(EU/mg)
3.78
6.82
15.22

Yield
(%)
100
27.6
0.8

Purification
fold
1
1.8
4.02

CMCase was purified from T. harziaum by gel filtration
(Sephadex G-200 and G-50) with 7.15 fold [14]. By using
same purification steps with us, CMCase purified from T.
viride [16] and A. niger VTCC-F021 [1] 2.33 fold with
2.11% yield and 2.09-fold with 18.4% yield, respectively.
After the purification, the obtained preparation was analyzed with SDS PAGE and native PAGE. It has been seen
on eight bands on SDS PAGE and four bands on native
PAGE (Fig. 3(A) and 3(B)). Then, the native PAGE gel
contained 1% w/v CMC was separated to two pieces. One
of the pieces was stained with Coomassie Blue R-250, the
other was stained with 0.1% congo red. The result demonstrated that all bands on PAGE having activity toward
CMC (Fig. 3(C)).
In previous studies, the cellulase complex contained three
CMCases from Rhizopus stolonifer var. reflexus were purified
with 34.96-fold and a specific activity of 121.31 EU /mg [20].
3.4 Optimum pH and temperature

The purified enzyme complex exhibited high activity
in the pH 3.0-5.0. The optimum pH of CMCases from A.
tamari Redpep4 was determined as 4.0 (Fig. 4(A)). There-
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fore, the obtained enzymes can be used as acidic CMCase.
Acidic cellulases have applications in commercial detergents as additives to improve properties of cotton fabric, in
the nonionic surfactant-assisted acidic deinking of old
newspapers (ONP) and old magazines (OMG) for improving pulp freeness and repulping efficiency [17].

FIGURE 3 - SDS-PAGE (A), PAGE (B) and CMCase zymogram (C).
M: Marker The standards were 250 kDa, 130 kDa, 100 kDa, 70 kDa,
55 kDa, 35 kDa, 25 kDa, 15 kDa and 10 kDa.

The activity of the enzymes was determined at different temperatures from 4 °C to 90 °C at pH 4.0. The optimum temperature was determined as 60 °C. Additionally,
obtained enzyme sustained 95%, 50% and 34% of its activity after incubation 70 °C, 80 °C and 90 °C for 30 min,
respectively (Fig. 4(B)). Enzymes can be divided to three
groups as, mesophilic (40 °C- 60 °C), thermophilic (50 °C80 °C) and hyperthermophilic (>80 °C) according to their
optimum temperature. These results indicated that the purified cellulase complex could be thermopiles [19].

FIGURE 4 - The optimum pH (A) and temperature (B) of CMCase.

T. reesei, an efficient cellulase producer, is mostly
used in industrial applications. It was indicated that the
optimum temperature of CMCase obtained from T. reesei
was 52 °C [19].

TABLE 3 - Some properties of CMCase from previous studies.
Microorganisms
A. niger UTCC-F021
P. pinophilum
T. harzianum
Thermomonospora
A. aculeatus
A. glaucus XC9
C. sp.YJ5
A. terreus
C. thermocellum
A. niger B03
A. awamori VTCC-F099
C. paradoxa CH32
A. niger
M. circinelloides
A. tamari Redpep4

Km
8.58 mg/mL
4.8 mg/mL
23 mg/mL
21.01 mg/mL
5.83 mg/mL
8.3 g/L
2.27 mg/mL

Vmax
20.121EU/mg
72.5 EU/mg
294 μM/min
0.31 mg/mL
333.33 EU/mg
1.1 µM/min
6.61 EU/mL

Optimum pH
5.0
5.0
4.5
5.0
5.0
4.0
7.0
4.0
7.0
3.5
5.0
5.0
4.0
5.0
4.0

-; not reported
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Optimum temperature
55 oC
50 oC
50 oC
50 oC
40 °C
50 °C
60 °C
60 °C
70 °C
65 °C
50 °C
37 oC
45 °C
55 °C
60 °C

References
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The optimum temperature of some fungi from previous
study is given in Table 3. Cellulase complex obtained in this
study has higher optimum temperature than in most of the
previous studies. This property provides that the enzyme can
be used effectively in industrial applications, which require
long time and high temperature. Besides, the purified cellulase complex has same optimum temperature with CMCase
purified from Cellulomonas Sp. YJ5 [21] and A. terreus [22]
and has lower optimum temperature from Clostridium thermocellum [23] and A. niger B03 [24].
3.5 Thermal stability

The thermal stability of the enzymes was determined
by measuring residual enzymes activity after incubation of
these at 60 °C, pH 4.0 for different duration (0.16; 0.5;
0.75; 1; 2; 3; 4; 5; 6; 7 h). The purified enzyme complex
was maintained about 97.5 %, 94.5%, 91%, 88%, 79%,
73%, 68%, 65%, 61.5% and 57% of the original activity at
60 °C after 10 min, 30 min, 45 min, 1 h, 2 h, 3 h, 4h, 5 h, 6
h, and 7 h incubation at pH 4.0, respectively (Fig. 5).

CMCase from C. sp. YJ5 retained 70% of activity after
30 min incubation at 60 °C [21], whereas CMCases from
A. aculeatus [19] and A. glaucus [18] retained 60% of their
activity after 1 h incubation at 60 °C. When the purified
cellulase complex is compared with previous studies, it has
been seen that the enzyme has high thermal stability. From
these results, it can be deduced that the enzyme has thermal
stability, remarkably.
3.6 Kinetic parameters

The maximum velocity (Vmax) and Km values of enzymes
were determined using Lineweaver-Burk diagram (Fig. 6), toward CMC, as 6.61 EU/mL and 2.27 mg/mL, respectively.
The Km value of cellulase complex was lower than that
obtained for CMCase from A. niger UTCC-F021 [1], T.
harzianum ETS 323 [8], Penicillium pinophilum MS 20
[2], A. awamori VTCC-F099 [25], A. niger 03 [24]; however, it was higher than the values obtained for cellulases
from Chalara paradoxa CH32 [26] (Table 3).

FIGURE 5 - Thermal stability of CMCase (at 60 °C, pH 4.0).

FIGURE 6 - Lineweaver- Burk Diagrame showing 1/Vmax and 1/Km of CMCase against CMC at 60 °C.
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FIGURE 7 - Substrate specificity of CMase from A. tamari Redpep4.

3.7 Subsrate specifity

The substrate specifity of the enzymes was determined
by using 2% w/v concentration of different substrates in the
activity assay. While the enzymes showed activity toward
CMC, wheat bran, cellulose, rose pulp, grass, starch and soluble starch, no activity toward avicel, filter paper, cotton. It
has been seen from the obtained results that cellulase complex was quietly specific for CMC (Table 4 and Fig. 7).

NaCl, LiCl, KCl have no effects on the activity, whereas
MgSO4, Na2SO4, CuSO4, MnSO4, MgCl2, CuCl2, CaCl2,
CoCl2, Na2CO3 showed inhibitory effect. While the surfactants which are tween 80, tween 40 and triton X-100 didn’t
influence enzyme activity, SDS inhibited it (Fig. 8).
TABLE 5 - Effect of metal salts and surfactants on CMCase from A.
tamari Redpep4.
Chemicals

TABLE 4 - Effect of different carbon sources on CMCase production
from A. tamari Redpep4.
Substrates
CMC
Wheat bran
Cellulose
Rose pulp
Grass
Soluble starch
Starch
Filter paper
Cotton
Avicel

EU/mL
12.63
6.090
0.463
0.445
0.452
0.853
0.517
0
0
0

3.8 Effect of metal salts and surfactants on the CMCase activity

Different metal salts and surfactants were used for determining their effects on CMCase hydrolytic activity. Results are summarized in Table 5. Among used metal salts,
BaCl2 only activated the enzymes. FeSO4, ZnSO4, FeCl3,

Inhibition/Activation

salt ions
MgSO4
54
inhibition
Na2SO4
65
inhibition
FeSO4
ne
CuSO4
16
inhibition
MnSO4
5
inhibition
ZnSO4
90
ne
MgCl2
51
inhibition
ne
FeCl3
CuCl2
10
inhibition
CaCl2
42
inhibition
BaCl2
127
activationb
CoCl2
25
inhibition
NaCl
ne
LiCl
ne
KCl
ne
30
inhibition
Na2CO3
surfactants
SDS
0
inhibition
Tween 80
ne
Tween 40
ne
Triton X-100
ne
a
; up to 7,02x10-3M, b; up to 28,07x10-3 g/mL, ne; no effect

Relative activity
(%)
100
48.22
3.66
3.52
3.58
6.75
4.09
0
0
0

Similar findings for CMC, avicel, filter paper and cotton were reported for CMCase from C. paradoxa CH32
[26]. CMCase from Rhizopus oryzae [27], P. pinophilum
MS 20 [2], A. niger DSM 826 [28], A. aculeatus [18]
showed highest activity for CMC. Additionally, obtained
enzyme showed 4.09% of relative activity toward soluble
starch. Likewise, CMCase from A. niger DSM 826 has substrate specifity toward it [28].

Relative activity
(%)

It was reported that Cu2+, Mg2+ inhibited the activity of
CMCase from T. harzianum [29], Bacillus halodurans CAS
1 [3]. It can be said that because the cellulase complex may
contain thiol groups in the catalytic site, Mg2+ inhibits it (4050% inhibition) [8]. Similarly, BaCl2 activated activity of
CMCase from Rhizopus oryzae [27] and T. atroviride 676
[30]. A similar effect of Mg2+, Mn2+, and Ca2+ was observed
on purified CMCase from T. harzianum ETS 323 [8].
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FIGURE 8 - Effects of metal salts and surfactants on CMCase complex.
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Na+ ions inhibited CMCase from P. pinophilum MS 20 [2].
Additionally, it was reported that CMCase from B. pumilis
was stable with the presence of triton X-100 and tween 80
[32].
If an enzyme inhibition occurs by metallic group, it can
be suggested that active site of enzyme consisting of at
least one sulfhydryl group whose oxidation by cation destabilizes the conformation folding of enzyme or lead to
formation of disulfide bond at irregular position of protein
[22].
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4. CONCLUSION
In conclusion, the production, purification and characterization of cellulase complex from local isolate A. tamari
Redpep4 were performed. Wheat bran was the most effective carbon source for CMCase production and thus, cost
of enzyme production decreased significantly. During the
purification procedure, the CMCase had been purified 4fold with 0.8% yield. Specific activity of obtained enzymes
was 15.22 EU/mg. It has been seen four bands on PAGE
and all these bands has CMCase activity. It can be said that
the obtained enzyme has complex structure contained at
least four CMCases. This complex has high specific activity toward CMC and thermal stability at 60°C. Additionally, it preserved 95% of its activity at 70°C for 30 min.
From the results, we deduce influentially that obtained
enzyme provide demands of all industrial process with high
thermal stability, optimum temperature and low Km.
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ABSTRACT
This study investigates whether the addition of chemical reagents derived from alumina refinery residue, a solid
waste byproduct generated when extracting alumina from
bauxite, can reduce the leachability of metals and metalloids from iron-arsenic speiss, a lead smelting solid waste
byproduct. Due to its high concentrations in iron-arsenic
speiss, a primary focus of this study was on arsenic, although other metals such as lead and antimony were also
investigated. The research particularly sought to investigate whether alumina refinery residue could reduce leachable arsenic to Australian disposal limits for a low level
contaminated waste solid; leachability was determined by
using the Toxicity Characteristic Leaching Procedure as
the extracting mechanism.
Findings indicate that some forms of modified alumina
refinery residues reduce the leachability of arsenic by greater
than 99.9% (for example from 235 mg/L to 0.17 mg/L) allowing the treated speiss to be legally disposed to landfill, but
when combined with oxidation and acidification these percentages dropped to an average of 87%, with reductions in
leachable arsenic from 235 mg/L to an average of 30 mg/L.

KEYWORDS: Iron-arsenic speiss, leachability, arsenic, heavy
metals, alumina refinery residue

1. INTRODUCTION
This paper explores the relationship between heavy
metals and metalloids in iron-arsenic speiss, a primary lead
smelting byproduct, and alumina refinery residue. The
basic steps in the pyro-metallurgical production of lead (Pb)
are sintering, smelting, drossing and refining [1]. A feedstock of lead concentrate (usually derived from crude ores
composed of sulphides, arsenopyrites [FeAsS] or oxides like
scorodite [FeAsO4.2H2O]), along with other raw materials
including iron (Fe), zinc (Zn), silica (Si) and fly ash (or flue
dust), is sintered using a device which agglomerates fine
* Corresponding author

mineral particles into a porous mass by incipient fusion
caused through heat produced by combustion of the mineral mass. This porous mass is then fed, along with coke
into a blast furnace where carbon in the coke acts as a fuel
to smelt the lead concentrate.
As a result of smelting, molten lead flows to the bottom of the blast furnace where it forms four layers: 1) the
lightest material composed of As and antimony (Sb) is
called “speiss”; 2) copper sulfide (CuxSy, typically as either
chalcocite [Cu2S] or covellite [CuS]), and other sulfidic
materials is called “matte”; 3) blast furnace slag, composed
primarily of silicates; and 4) rough lead bullion, which
makes up approximately 98% by weight of the total initial
feedstock. Drossing occurs when the rough lead bullion is
agitated and cooled in a drossing kettle in which the lighter
“dross”, composed mostly of iron oxide, floats to the surface and solidifies above the molten lead. The lead is then
refined in a five-stage process to remove impurities, such
as gold (Au), silver (Ag), bismuth (Bi) and Zn, to produce
a refined lead with a purity of approximately 99.9%. Both
speiss and matte are typically on-sold to a copper smelter
for recovery of copper (Cu) and other metals where these
are present in commercially viable concentrations; the slag
is stored for subsequent recovery of Fe, Zn and Si.
The production of lead approximating these four steps
dates back several thousand years to the Early Bronze Age.
For example, Thornton et al. explain that samples of two
main types of speiss have been discovered at the prehistoric
site of Tepe Hissar in north-eastern Iran: a “ferrous speiss”
composed mainly of arsenical iron and iron arsenides; and
a “base-metal speiss” composed mainly of Cu, nickel (Ni),
Fe, Ag, and so-called antimonides often containing sulfur
(S) [2]. Paulin and Orel [3] and Potts [4] have similarly
discussed the discovery of speiss at site from the Late
Bronze Age and Chalcolithic periods, and Craddock et al.
discussed what at the time was hailed a major archaeometallurgical discovery at a site in Las Arinellas, Spain,
namely that Romans were extracting Ag from speiss more
than 2,000 years ago [5]. While the chemical and physical
properties of these early speiss examples may differ in
composition from the speiss generated by modern lead
smelters, the fundamental processes which produced it are
essentially the same.
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The generation of speiss in modern smelters is allied
to the amount of Fe and As used in the blast furnace charge,
but most speiss is essentially iron arsenide, commonly referred to as “iron-arsenic speiss” (i.e., equivalent to the ancient “ferrous speiss” cited above [2]), being composed
chiefly of Fe and As (which are present as a contaminants
in the original ore concentrate or may enter the system from
fly ash), with some Cu, S and residual Pb, but often also
with appreciable amounts of Au and Ag. Iron-arsenic
speiss is a hazardous solid waste; when stored or disposed,
the main environmental problem associated with iron-arsenic speiss is the high level of leachable adulterating metals,
primarily As, but also Pb and Sb. Few recent studies have
focused on the remediation of leachable metals from
speiss, although Peterson and Twidwell did examine the
removal of As from speiss using carbon monoxide [6]. [For
the purposes of this study, contaminants in speiss like As
and Pb will be collectively referred to as “metals”, despite
As and Sb being semi-metals or “metalloids”.]
Alumina refinery residue (ARR), also a waste byproduct but in this case from alumina refining, has been used in
many industrial and environmental applications, including
the reduction of heavy metals and phosphate in wastewater
[7, 8], binding contaminants in industrial solids and soils
[9], improving agricultural yields [10], destroying objectionable odours and reducing pollutants in fugitive emissions [11], preventing the build-up of industrial scale [12],
and strengthening concrete [13]. ARR has also been investigated in the context of catalysts and geopolymerization
[14, 15], and its overall integration into a sustainable future
of beneficial waste reuse has been considered [16, 17].
Research indicates that ARR has other special properties, including doing something that other chemical additives generally cannot. Standard encapsulation and immobilization agents, such as lime, fly ash, bentonite and cement, immobilize metals with ionic bonds which reduce
the leachability of heavy metals, but these chemical bonds
weaken over time (meaning metals can become bioavailable again with changes to environmental conditions, particularly pH and oxidation). However, while ARR also sequesters metals in non-bioavailable forms, it has the added
advantage that the chemical bonds formed between ARR
and metal contaminants actually strengthen with the passage of time [18, 19]. This phenomenon means that leachability of metals decreases rather than increases with time,
thereby making ARR unique in environmental science.
Moreover, while the use of ARR to bind metals in many
standard industrial solids and contaminated soil types has
been examined, its application to more “exotic” forms of
solid waste is still ongoing.
As a consequence of ARR having a pH of ±12.5 and
being strongly alkaline and sodic, the reagents derived
from it must be modified by: A) processing ARR using one
of a variety of methods designed to transform it from a
caustic (and hazardous) material to a benign substance with
fundamentally different chemical and physical properties
to ARR; and B) adding other benign chemical or biological

agents to enhance or further modify the original hazardous
ARR. Hence, these reagents may collectively be referred
to as “modified alumina refinery residue” or MARR. The
MARR referred to in this paper is a byproduct of the refining process where alumina [Al2O3] is extracted from bauxite using the Bayer Process. In this study, the modification
process involved adding calcium- and magnesium-based
salts to ARR in order to reduce total sodium (Na) concentrations and total alkalinity and hence causticity.
MARR is composed of a variety of chemical compounds relevant to this study, including hematite (Fe2O3),
beohmite (ƴ-AlOOH), gibbsite (Al[OH]3), sodalite
(Na4Al3Si3O12Cl), and anatase (TiO2) [17]. Minor, but
equally important, compounds in MARR include aragonite (CaCo3), brucite (Mg[OH]2), diaspore (ß-Al2O3.H2O),
ferrihydrite (Fe5O7[OH].4H2O), gypsum (CaSO4.2H2O),
hydrocalumite (Ca 2 Al[OH] 7 .3H 2 O), hydrotalcite
(Mg6Al2CO3[OH]16.4H2O), and para-aluminohydrocalcite
(CaAl2[CO3]2[OH]4.3H2O). Together these compounds produce significant outcomes when MARR is added to industrial solids. For example, the complex of many differently
charged particles in MARR causes short-term adsorption
and long-term isomorphic substitution reactions with metals. These reactions result from the positively charged
iron-, aluminium-, magnesium- and titanium-based molecules and negatively charged hydroxides and oxyhydroxides which collectively not only initially adsorb metals but
subsequently lead to the long-term “sequestering” phenomenon observed with most inorganic species [20].
As noted above, this characteristic of ARR and MARR
differs from the simple ionic adsorption reactions which
result from simple changes in pH that occur with immobilizing chemicals such as calcium hydroxide (Ca[OH]2) and
sodium hydroxide (NaOH). Results from simulated aging
of metal-laden MARR under oxic, anoxic and anoxic-reducing conditions, for example, have suggested that metals
removed by MARR are increasingly occluded from the environment with time [18]. The precipitation of insoluble
sulfides or low solubility carbonates, hydroxycarbonates or
hydroxysulfates and solid state diffusion processes explain
the observed decreases of leachable metals through sequestration. Burke et al. examined the long-term leachability of
metals in ARR after the 2010 spill in Hungary and showed
that chromium was tightly bound, arsenic was moderately
bound, but vanadium was loosely bound to ARR [21], and
Clark et al. noted that the behaviour of metals in MARR,
including their leachability, in an oxidizing environment
may differ substantially from their behaviour in anoxic or
anoxic-reducing environments [18].
While indicating that metals are tightly bound in
MARR after 180 days, the leachability trends observed by
Clark et al. differ from those trends presented in Figure 1,
which show that when a MARR-derived chemical reagent
was used to treat tannery waste solids, the leachability of
Cr in four different treatment applications was reduced
sharply between months one and two but continued to
steadily decline between months two and eight, with a
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±90% reduction in leachability by month eight across all
treatments [22].

FIGURE 1 - Leachability of chromium in four MARR treatment areas under oxic conditions over an eight-month period.

The role of both ARR and MARR in sequestering metals in industrial solids, sludges and soils has been the subject of considerable research. For example, using the Toxicity Characteristic Leaching Procedure (TCLP), Liang et
al. found the addition of 10% ARR to sewage sludge reduced the leachability of Cd by 100%, Pb by 82%, and Zn
by 92% [23]. The primary author of the present study reported that a MARR-derived chemical reagent reduced
leachable As from 1.0 mg/L to 0.001 mg/L, leachable Cr
from 0.25 mg/L to 0.02 mg/L, leachable Cu from 1.6 mg/L
to 0.62 mg/L, and leachable Pb from 0.10 mg/L to 0.006
mg/L in contaminated mine solids over a twelve-month period [24], and a separate long-term study of solids indicated
that MARR-derived reagents reduced Pb leachability from
0.25 mg/L in year one to <0.01 mg/L, i.e., below the detection limit, by year two and maintained this concentration of
<0.01 mg/L through to year 14, thereby confirming that
MARR has a long-term sequestering effect on metals in industrial solids [19].
To our knowledge, no peer-reviewed research has
been conducted on the leachability of metals from ironarsenic speiss. In order to better understand the potential
role of MARR in reducing leachability of metals in ironarsenic speiss, the present study therefore asked the following research questions: 1) When MARR and MARR-derived
chemical reagents are directly added to iron-arsenic speiss,
do they reduce the leachability of metals, specifically As, to
concentrations below Australian limits for disposal to landfill as a low-level contaminated waste; and 2) Is the leachability of metals similarly reduced to concentrations below
limits of disposal when MARR-derived reagents are coupled
with oxidation and acidification of iron-arsenic speiss?

2. MATERIALS AND METHODS
Two 15 kg samples of iron-arsenic speiss were obtained
from a smelter site in Australia. The smelter had originally
intended to on-sell the speiss to another refining and metal
recovery operation in Asia but this opportunity had not
proven commercially viable, and therefore the spiess had
been placed in open storage at the site for many years, accumulating at a rate of several tonnes per month. The two
spiess samples were a visually consistent friable, dry porous material with a mid-grey colouration and slightly metallic feel. Thornton et al. have conducted detailed analyses
of ancient speiss, including scanning electron microscopy
of the material [2]. While these images may not precisely
represent the same fayalite crystallized structure of the
iron-arsenic speiss used in this experiment, they are representative enough to indicate that speiss has a lamellae of
inter-growing crystals and fine acicular and euhedral crystallites.
To prepare the speiss for treatment in this experiment,
the two samples were crushed and screened to <4.0 mm and
homogenised to form one sample. During this phase it was
found the spiess also consisted of relative large pieces of
metal alloy (up to 10 mm, probably mostly lead and iron),
which were screened and discarded from further use. The
sample was then analysed for pH, total As, total AsIII, total
AsV, total Fe, total Sb, total Pb, leachable As, leachable Fe,
leachable Pb, and leachable antimony (Sb), which yielded
the following results: pH = 12.4; total As = 110,500 mg/kg
(11% by volume); total AsIII = 31,570 mg/kg (3.1% by volume); total AsV = 78,930 mg/kg (7.9% by volume); total Fe
= 495,000 mg/kg (49.5% by volume); total Pb = 22,000 mg/
kg (2.2% by volume); total Sb = 29,000 mg/kg (2.9% by volume); leachable As = 235 mg/L; leachable Fe = 646 mg/L;
leachable Pb = 829 mg/L; and leachable Sb = 3.3 mg/L. The
total As concentrations in this speiss sample were not dissimilar to those reported by Anderson and Twidwell [25].
The treatment targets, as determined by the environmental regulatory authority to allow this material to be disposed to unregulated landfill in Australia as a low-level
contaminated waste were: leachable As < 5.0 mg/L; leachable Pb < 5.0 mg/L; and leachable Sb < 1.0 mg/L; there
were no limits for either pH or leachable Fe in these guidelines.
The following eight treatment protocols were developed for this experiment: to answer research question 1),
Treatment #1: To a 1.0 kg sample add 500 g of MARR as
a 50% slurry; mix thoroughly by hand with a glass rod; let
stand for 24 hours; determine pH; perform a TCLP extraction on the treated sample for leachable As, Fe, Pb and Sb;
Treatment #2: To a 1.0 kg sample add 1.0 kg of MARR
as a 50% slurry and follow the same protocol as Treatment
#1; Treatment #3: To a 1.0 kg sample add 2.0 kg of
MARR as a 50% slurry and follow the same protocol as
Treatment #1; Treatment #4: To a 1.0 kg sample add 500
g of ElectroBind reagent as a 50% slurry and follow the
same protocol as Treatment #1, except TCLP for leachable
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As and Pb only; Treatment #5: To a 1.0 kg sample add 1.0
kg of ElectroBind reagent as a 50% slurry and follow the
same protocol as Treatment #4; Treatment #6: To a 1.0 kg
sample add 2.0 kg of ElectroBind reagent as a 50% slurry
and follow the same protocol as Treatment #4; and to answer research question 2), Treatment #7: Add 500 mL of
deionized water to 20 mL of hydrogen peroxide (H2O2 at
30% strength); add liquid to 1.0 kg sample; mix thoroughly
by hand for ten minutes; let stand for one hour; add 400 g
of ElectroBind reagent and mix well; decant supernatant
liquor (SNL); determine pH and total As of SNL; determine pH and TCLP for As in treated solids; and Treatment
#8: Add 1.0 L of deionized water to 1.0 L of sulfuric acid
(H2SO4 at 30% strength); add liquid to 1.0 kg sample; mix
thoroughly for five minutes; let stand overnight; decant
SNL; determine pH and total As of SNL; mix sludge with
500 g of ElectroBind reagent; let stand overnight; determine pH and TCLP for As in treated solids.
In this experiment, leachability of metals was determined by TCLP as developed by the U.S. Environmental
Protection Agency [26] using inductively coupled plasma
mass spectrometry (ICP-MS); analyses were conducted
within ten days of the initial treatments. After Treatments
#4, #5 and #6, concentrations of all other leachable metals
highlighted in the disposal criteria guidelines were also analysed and reported. ElectroBind reagent is derived from
MARR; in this case, ElectroBind reagent was 50% (by volume) MARR, 25% magnesium oxide (MgO), and 25% Ordinary Portland Cement (OPC) for Treatments #4, #5 and
#6, and was 50% (by volume) MARR and 50% MgO for
Treatments #7 and #8.
3. RESULTS AND DISCUSSION
Table 1 presents the findings of Treatments #1, #2 and
#3. From this data it can be seen that the 50%, 100% and

200% addition rates of MARR to iron-arsenic speiss solids
did not result in achieving the As or Pb TCLP disposal criteria for landfilling in Australia, although Sb did achieve
the target, decreasing from 3.3 mg/L to 0.77 mg/L in Treatment #1, decreasing to 0.92 mg/L in Treatment #2, and decreasing to 0.88 in Treatment #3. Arsenic leachability decreased from 235 mg/L to 20 mg/L in Treatment #1, to 13
mg/L in Treatment #2, and to 24 mg/L in Treatment #3,
and Pb leachability was reduced from 829 mg/L to 58 mg/L
in Treatment #1, to 30 mg/L in Treatment #2, and to 33
mg/L in Treatment #3.
While the leachability of As (91% reduction for Treatment #1, 94% for Treatment #2, and 90% for Treatment
#3) and Pb (93% reduction for Treatment #1, 96% for
Treatment #2, and 96% for Treatment #3) was significantly
reduced by each treatment, the treatment targets were not
achieved. Therefore, research question 1) was answered in
the negative for Treatments #1, #2 and #3.
It should be noted that leachability of Fe went up 100%
for Treatment #1, 100% for Treatment #2, and 420% for
Treatment #3; this finding was expected given that MARR
contains approximately 40% iron oxide, as noted above. In
each treatment, pH was significantly reduced from 12.4 to
6.9, 6.3 and 6.0 respectively; given the starting pH of
MARR in this study was approximately 9.0, it is unclear
what mechanisms caused the decline in pH for these three
treatments, as a more likely outcome should have been a
pH of ±10.0. It is also unclear why pH would drop logarithmically from 6.9, 6.3 and 6.0 as more MARR was
added to a solid with a pH of 12.4.
However, data in Table 1 also show that Treatments #4,
#5 and #6 did result in achieving the TCLP disposal criteria.
The leachability of As decreased from 235 mg/L to 0.24 mg/L
in Treatment #1, to 0.21 mg/L in Treatment #2, and to
0.17 mg/L in Treatment #3 (a 99.9% reduction in each
case), and Pb leachability was reduced from 829 mg/L to
<0.63 mg/L in all three treatments (a 99.9% reduction).

TABLE 1 - Results for pH and TCLP for Treatments #1 through #6.

Treatment
pH
As (mg/L)
Fe (mg/L)
Pb (mg/L)
Sb (mg/L)
Be (mg/L)
Co (mg/L)
Cr (mg/L)
Cu (mg/L)
CN (mg/L)
Mn (mg/L)
Ni (mg/L)
Zn (mg/L)

#1

#2

#3

#4

#5

#6

Disposal Criteria for
Landfill

6.9
20
1,317
58
0.77
—
—
—
—
—
—
—
—

6.3
13
1,275
30
0.92
—
—
—
—
—
—
—
—

6.0
24
3,383
33
0.88
—
—
—
—
—
—
—
—

13.0
0.24
—
<0.63
0.02
<0.01
0.05
<0.05
<1.0
<0.01
<1.0
<1.0
<0.25

12.6
0.21
—
<0.63
—
<0.01
0.05
<0.05
<1.0
<0.01
<1.0
<1.0
<0.25

12.5
0.17
—
<0.63
—
<0.01
0.06
<0.05
<1.0
<0.01
<1.0
<1.0
<0.25

—
5.0
—
5.0
1.0
1.0
—
5.0
10
10
50
2.0
250
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Leachable Sb was also reduced from 3.3 mg/L to 0.02
mg/L in Treatment #4, but was not recorded for Treatments
#5 or #6. [Of note also is that pH remained relatively unchanged in each of Treatments #4, #5 and #6, the reasons
for which are clear, as MARR has a pH of 9.0, MgO has a
pH of 10.3, and OPC has a pH of 12.5.] Therefore, notwithstanding the fact that no data exist for Sb in Treatments #5
or #6, research question 1) was answered in the affirmative
for Treatments #4, #5 and #6.

ments #7 and #8 did not meet the disposal criteria for landfills in Australia, if these methods were to be considered
viable for treating iron-arsenic speiss in future research
programs, the additional step of having to treat As-concentrated supernatant liquor makes them less appealing than
the direct addition methods of Treatments #1 through #6.

In order to confirm that no other metals (and cyanide
[CN]) in the disposal criteria were above leachable limits,
the following metals with their leachability limits were analysed for Treatments #4, #5 and #6 are presented in Table
1: beryllium (Be), cobalt (Co), chromium (Cr), copper
(Cu), CN, manganese (Mn), nickel (Ni) and zinc (Zn). As
shown in Table 2, all leachable minor metals and CN were
below the disposal criteria for landfill in Australia. Note,
all metals and CN except Co were below the limit of detection using ICP-MS; there is no disposal criterion for leachable Co.

In this experiment, even at a 2:1 ratio of MARR to
speiss, the direct addition of MARR alone to iron-arsenic
speiss did not sufficiently reduce the leachability of As or Pb
to reach the required limits for disposal, despite reducing As
by an average of 92% and Pb by an average of 95% across
Treatments #1, #2 and #3; it did, however, achieve the required limits for Sb. This was partly due to the high starting
concentrations of leachable As and Pb but was also likely
due to the inability of MARR in isolation to sequester metals
by >98% for As and >99.5% for Pb, which were the reduction percentages required for iron-arsenic speiss to be disposed as a low-level contaminated waste in Australia. Similarly, the use of both oxidation and acidification as As-liberating techniques in conjunction with ElectroBind reagent in
Treatments #7 and #8 to remove and subsequently to sequester residual As in treated speiss also proved inadequate
to reduce leachable As to the required concentrations.

TABLE 2 - Results for pH and As TCLP for Treatments #7 and #8.
Parameter
Treatment #7
SNL
Solid
Treatment #8
SNL
Solid
Disposal Criteria for Landfill

pH

As (mg/L)

11.9
11.4

1,939
12.9

8.9
6.4
—

1,448
46
5.0

The data in Table 2 address research question 2). This
data show that soluble As has been equally concentrated
into the SNL of both solids by H2O2 and H2SO4, and the
resultant treated iron-arsenic speiss solids in Treatment #7
and Treatment #8 have reduced their total concentrations
of As. In Treatment #7, As concentrations declined from
235 mg/L to 12.9 mg/L (a 94% reduction) and in Treatment
#8, As concentrations declined from 235 mg/L to 46 mg/L
(an 81% reduction). While the chemical reactions involved
in these oxidizing and acidification processes are not the
focus of this paper, it is clear that H2O2 and H2SO4 liberated
significant amounts of As into solution from iron-arsenic
speiss. Significantly, the leachabilty of As in the treated
solids was still relatively high and does not meet the disposal criteria for landfill in Australia as a low-level contaminated waste. Therefore, research question 2) was answered in the negative for Treatments #7 and #8.
The pH findings of Treatment #7 are less confusing.
For example, H2O2 used in this experiment had a pH of 2.5,
and that coupled with mixing neutral pH deionized water
and ElectroBind into a speiss pH of 12.4 would predictably
produce a solid and liquid pH of 11.4 and 11.9 respectively,
as was the case in Treatment #7. The pH findings for Treatment #8 were similarly predicable, with a H2SO4 pH of 1.9
at a concentration of 5.0 moles of acid per litre causing the
lower solid pH of 6.4 and the SNL pH of 8.9. While Treat-

4. CONCLUSION

However, it was shown by this experiment in Treatments #4, #5 and #6 that when MARR is mixed with MgO
and OPC, the direct addition of neo-generational ElectroBind reagent to iron-arsenic speiss can achieve the
leachability targets of <5.0 mg/L for As and Pb and of <1.0
mg/L for Sb. Analysis also confirmed that no other reportable metals, including CN, were leachable above disposal
limits as a result of these treatments.
Further analyses into multiple extraction procedures rather than the one-off TCLP test, along with tests of metal
leachability over time, would answer questions about the
longer term stability of treated iron-arsenic speiss using
MARR-related technologies beyond the 20-year simulation
of leaching provided by the TCLP test. Further research into
titratation curves, for example, would also answer the unexplained pH measures reported for several treatments in this
study, and attempts to optimise addition rates and blend
types of chemical reagents (such as using ferrous sulfate
[FeSO4.7H2O] with its pH of 2.5 rather than the higher pH
MgO used here might better adjust pH downward where required) would go some of the way to developing a more
comprehensive understanding of the role MARR might play
in a sustainable and economically viable program to sequester arsenic and other metals in iron-arsenic speiss.
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ABSTRACT
The study was carried out in Narta and Orikumi Lagoon (Vlora Bay), to evaluate the environmental status and
to extent the pollution level by different contamination
sources in these areas. Physico-chemical parameters (pH,
dissolved oxygen, TSS, TDS, temperature, salinity etc),
nutrients (N-NO3-, N-NO2-, N-NH4+ and P-PO43-) and
heavy metal (Hg, Cu, Pb, Zn, Cr and Cd) content in water
samples collected in Narta and Orikumi Lagoon were used
for the assessment of the environmental situation of the lagoons. Samples were collected in ten sampling sites, five
in each lagoon. A water sample collected in Vlora Bay was
used as a comparative sample.
Total dissolved metal concentrations were analyzed by
graphite furnace AAS (Pb, Cd, Cr, Cu), flame system AAS
(Zn) and CV-AAS (Hg) known as a very sensitive analytical methods. The trend of heavy metals content in water of
the lagoons resulted as following: Zn>Cu>Cr>(Cd and/or
Pb)>Hg. Nutrients (N-NO3-, N-NO2-, N-NH4+ and P-PO43-)
content was determined by spectrophotometric methods.
The data matrix of analytical parameters was statistically treated with Descriptive Statistics and multivariate
analysis by using MINITAB 17 software package. Based
on the Cluster Analysis, the sampling stations were classified into 3 main clusters. Based on the results of physicochemical parameters, nutrients and heavy metals content in
studied areas, it is shown that Narta and Orikumi Lagoon
are characterized by generally oligotrophic conditions and
are suitable for fish growth.
KEYWORDS:
Orikumi Lagoon Narta Lagoon, environmental situation, pollution,
physico-chemical parameters, nutrients, heavy metals.

1. INTRODUCTION
Albanian costal lagoons are of multiple ecological and
economic values and uses, as provide fish and wildlife habitats, support complex food web, absorb water to reduce
* Corresponding author

flooding and damage from storms, provide erosion control,
improve the quality of water [1]. Lagoons are shallow
coastal bodies of water separated from the sea by a series of
barrier islands which lie parallel to the shore-line. Inlets, either natural or man-made, cut through barrier islands and
permit tidal currents to transport water into and out of the
lagoons. Because lagoons are characteristically shallow,
they are strongly influenced by precipitation and evaporation, which results in fluctuating water temperature and salinity. Lagoons can also be fragile ecosystems susceptible to
pollution effects from municipal, industrial and agricultural
runoff [2]. They have limited water circulation to compensate for changes in water quality and are susceptible to anthropogenic pollution [3]. The anthropological influences
(i.e., urban, industrial and agricultural activities) as well as
the natural processes (i.e., changes in precipitation amounts,
erosion and weathering of crustal materials) degrade surface
water quality and impair its use for drinking, industrial, agricultural, recreational and other purposes [4].
The nutrient input to the coastal areas has been dramatically increasing in the last decades due to intensification
of human activities and urbanization along coastal regions
[5, 6]. This has led to eutrophication and deterioration of
water quality in many coastal zones of the world [5- 9]. In
recent years, significant attention has been also paid to the
problems of environmental contamination by a wide variety of chemical pollutants including heavy metals [10].
Some of the most important heavy metals from the point of
view of water pollution are Zn, Cu, Pb, Cd, Hg and Cr [11].
Heavy metals are of critical ecological significance since
they are highly toxic, non-degradable and therefore have
the tendency of bioaccumulation [12]. The toxic effect of
metals depends on their characteristics. Some metals, present in trace quantity, are important for aquatic life. The
same metals, however, can cause severe toxicological effects on human health and the aquatic ecosystem, when exceed a certain limit [13] and when complexes are formed
with organic compounds [14].
The present study is an attempt to assess the environment situation and the influence of anthropogenic activities
in Narta and Orikumi Lagoon with specific reference to the
concentrations of trace metals, nutrients and physicochemical parameters in water.
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and Orikumi Lagoon and to evaluate the possible polluting
sources. Sample collection, transport and conservation were
done according to recommended Standard Methods [17].

2. MATERIALS AND METHODS
2.1 Study Area

Narta Lagoon is located in the northwestern part of
Vlora district, Adriatic Sea, with geographical coordinates:
40° 32’ N latitude, 19° 28’ E longitude. Narta is one of the
largest lagoons in Albania with an area of 2670 ha. The maximum depth is 0.9 m with an average of 0.7 m. Water exchange with the sea takes place through a channel with reduced water input (1-5 m3/sec) during the tide [15]. Because
of the reduced water exchange, small depth as well as intense
evaporation, the water surface area of the lagoon is reduced
by up to 30% during the dry season of the year [1].
Orikumi Lagoon is located in the southwestern part of
Vlora district with coordinates 40°19’N latitude, 19° 25’ E
longitude and an area of 1500 ha [1]. This lagoon has a
maximum depth of 3 m and is connected to the sea solely
by a 50m-long channel [16]. Because of the mixing of lagoon water with fresh water (from a source of fresh water
in southwestern side of lagoon) salinity of water in various
sites varies from 15 to 27 ‰. Figure 1 shows the map of
the studied area and the positions of the sampling sites.

2.3 Water samples treatment and chemical analysis

Water samples were collected in 1.5 liter PET bottles
and were transported during the same day to the laboratory
by refrigerated containers under the temperature of 4oC.
The physico-chemical parameters of water samples were
determined immediately in the laboratory. The water temperature, pH and red/ox potential were measured by using
a pH meter (Model pHS-3BW). The conductivity (Cond)
and total dissolved solids (TDS) were measured with a conduct meter (Model DDSJ 308A). Total suspended solids
(TSS) were determined by pouring one liter volume of water through a pre-weighed filter of 0.42 m pore size. The
filter was weighted again after drying at 105oC for 2 hours
till the constant weight. Winkler method was used for the
determination of the concentration of dissolved oxygen
(DO) content. Nutrients content (N-NO3-, N-NO2-, NNH4+, P-PO43-) was determined according to the APHA
[17] standard procedures by using the UV 2401 PC spectrophotometer for nitrogen compounds and PYEUNICAM
SP-9 spectrophotometer for phosphate determination.

FIGURE 1 - Network of sampling sites in Narta & Orikumi Lagoon
and Vlora Bay

The concentrations of heavy metals were measured by
atomic absorption spectrometry (AAS) by using the Varian
10+ atomic absorber spectrometer equipped with flame
system (Zn) and NovAA400 atomic absorber spectrometer
equipped with graphite furnace system (Cd, Cr, Cu and
Pb). The measurements of Hg were performed with cold
vapor atomic absorption spectrometry by using a homemade CVAAS system [25, 26]. Because of the low content
of heavy metals in sea and lagoon water (μg/L) their direct
determination by this method is impossible and a pre-concentration and separation step of heavy metal is done before their AAS analysis. UV radiation (100 W UV lamp)
was used for 30 min to digest the water samples. A low
contamination Chelex-100 ion exchange technique was
used for the pre-concentration and separation of heavy metals from sea water matrix [18]. Each digestion batch included at least two control samples and one blank test sample. Standard addition method was used for examination of
the quality control of the analysis. The daily instrument
performance tests were carried out before calibration.

2.2 Sampling sites and methodology

2.4 Statistics

Water samples were collected during February 2013
according to a network of ten sampling sites positioned in
Narta and Orikumi Lagoon as following: four samples
within the lagoons and one sample in the channel that connect each lagoon with the sea (Figure 1). Water samples
were collected in 50 cm deep and 150 m from the shore. A
water sample collected in Vlora Bay, 500 m from the shore,
was also analyzed and used as a comparative sample.

The descriptive statistics were applied to the concentration data set to interpret results and to explain variations
in the data. The Pearson product-moment correlation coefficient was used to determine the significance of the relationship or association of two variables that may indicate
that the variables do indeed affect each other. Finally, the
data were processed by cluster analysis (CA) by using the
MINTAB 17 software package. CA may detect the group
of samples with similar patterns of parameters concentration. The numbers of the groups and the most important
factors related to the classification are discussed.

Sampling sites were chosen in order to obtain a better
assessment of the general environmental situation of Narta
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3. RESULTS AND DISCUSSIONS
The results of physico-chemical parameters in water
samples analyzed are shown in Figures 2 and 3.
2.1 pH

pH of aquatic ecosystems depends on the chemical and
biological activity of water. Changes in pH can be indicating the presence of industrial pollutants, photosynthesis or
the respiration of algae that are feeding with the contaminants. Most ecosystems are sensitive to the changes in pH
and the monitoring of pH has been incorporated into the
environmental laws of most industrialized countries [21].
As we can see from Figure 2/a, pH values fluctuated between 7.72 -8.16 at station N3 and at station N5 and O1 (in
the channels that connect the lagoons with the sea) respectively. Lower pH values resulted in the water samples collected within the lagoons compared to the reference sample
due to the limited water circulation and the urban wastes.
2.2 Temperature

The temperature of seawater is affected by several factors including weather conditions, removal of shading
stream bank vegetation and storm water. As it would be
expected, the temperature of surface water of Narta and Orikumi Lagoon fluctuated between a low range values 8.39.2oC with a mean value of 8.9 oC that is normal for the
period of sampling process (during February).
2.3 DO (dissolved oxygen)

In general, the oxygen is available as dissolved state at
water bodies [22]. The fluctuations in the dissolved oxygen

levels in water can be caused by aquatic vegetation and anthropogenic status of the water. It is well known that the
temperature and salinity affect the dissolution of oxygen in
water [23]. DO in water originates from the air dissolution
and the process of photosynthesis that occurs during daylight. At high temperature, which is usually observed in dry
season, the solubility of oxygen decreases while at lower
temperature (wet season) it increases [24-26].
As it can be seen from the Figure 2c, the quantity of
DO in waters of Narta and Orikumi Lagoon ranged from
6.42-9.8 mg/L, with a mean value of 8.17 mg/L. The DO
content in water samples collected within the lagoons resulted lower (especially in Narta Lagoon) compared to the
DO content in the samples collected the channels that connect these lagoons to the sea or the reference sample collected in other sides of Vlora bay (Orikum).
2.4 Red/ox Potential

Redox potential is the activity or strength of red/ox processes in solution. As it can be seen the values of this parameter fluctuated between a minimum of -62.5 mV at station
N5 and a maximum of -37.2 mV at station O4 (see Fig 2/d).
Negative values of the redox potential in all stations indicate
the reducing properties of lagoons water [21].
2.5 Conductivity, Salinity, TDS and TSS

The sampling sites present the same view regarding
these parameters (Figure 3). All these parameters resulted
at lower values in Orikumi lagoon especially in station O4
situated in the southwestern part (near Marmiroi church) of
the lagoon and very close to a spring of fresh water from

FIGURE 2 - The results of physico-chemical parameters in Narta and Orikumi Lagoon a) pH, b) temperature, c) redox potential, d) dissolved
oxygen level
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FIGURE 3 - The results of a) salinity b) Conductivity c) TSS and d) TDS in Narta and Orikumi Lagoon

the bottom of the lagoon. The mixing of the lagoon’s water
with the fresh water in this station causes the reduction of
salinity, electrical conductivity and other physico-chemical
parameters. Conductivity was found at the levels between
22.6 mS/cm in station O4 to 76.3 mS/cm in station N1 with
a mean value of 47.46 mS/cm. Conductivity in water is affected by the presence of inorganic dissolved solids such
as chloride, nitrate, sulfate, and phosphate anions (ions that
carry a negative charge) or sodium, magnesium, calcium,
iron, and aluminum cations (ions that carry a positive
charge). As the concentration of salts in the water increases, electrical conductivity rises— the greater the salinity, the higher the conductivity [27].
Salinity is the measurement of ionic composition of
water and it varies depending on mixing of relatively
fresher inland waters with saltier marine waters [28]. In
water samples of Narta and Orikumi Lagoon, salinity values fluctuated in a range between 15.1-45.4 ‰ with a mean
value of 30.05‰. The salinity was found to be lower in
station O4 (near Marmiroi Church) due to the mixing of
fresh water with saline water.
Total solids (TS) refers to any matter either suspended
or dissolved in water. High concentrations of TSS have
several negative effects, such as decreasing the amount of
light that can penetrate the water, thereby slowing photosynthetic processes which in turn can lower the production
of dissolved oxygen; high absorption of heat from sunlight,
thus increasing the temperature which can result to lower
oxygen level [22].
TSS content in Lagoons water fluctuated between a
minimum value of 21.6 mg/L at station O4 and maximum

value of 165.3 mg/L at station N2. TDS concentration resulted in lower level in station O4 (12.16 g/L) and in higher
level in N3 (41.8 g/L).
2.6 Nutrients content in water

The results of nutrients content in water of Narta and
Orikumi Lagoon are shown in the diagrams of Figure 4.
Nitrate (N-NO3-) concentrations in all samples collected from the two lagoons varied from 0.016 to 0.084
mg/l with a mean value of 0.035 mg/L. Higher level of nitrates was found in Orikumi Lagoon especially in station
O3 and O1, this might be due to the discharges of sewage
water, agricultural and livestock wastes or organic loads.
High content of nitrates in seawater is not a concerning as
they are the main nutrient for the aquatic biota and its intensive development causes rapid reduction of nitrates.
Nitrites (N-NO2-) in the sea water are found as intermediate compounds obtained from microbial reduction of
nitrates or ammonium oxidation. Their level varied from
0.004 to 0.024 mg/l with a mean value of 0.012 mg/L.
Higher content of nitrite was found in station O2 and O4 of
Orikumi Lagoon and lower levels were found in the samples collected in the sampling sites N5 and O1 positioned
in the channels that connect each lagoon to the sea. Another
possible source of nitrites might be phytoplankton and
wastewater discharges.
Ammonium (N-NH4+) high level is a reliable indicator
of sewage discharges and livestock liquid wastes. Also the
reducing conditions of lagoon water do not favor ammonium oxidation to nitrate. In the water samples collected
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FIGURE 4 - The results of a) nitrate b) nitrite c) ammonium d) phosphate in Narta and Orikumi Lagoon

FIGURE 5 - The distribution of heavy metals concentration in all sampling sites of Narta & Orikumi Lagoon

in Narta and Orikumi Lagoon, the ammonium content was
found in the levels between 0.016-0.112 mg/L. High level
was found in the stations O4 and O5 of Orikumi Lagoon
followed by station N3 of Narta Lagoon.
Almost all of the phosphorus (P) present in water is in
the form of phosphate (PO43-) and it is an essential plant
nutrient as it is often in limited supply and stimulates plant
(algae) growth and its role for increasing the aquatic
productivity is well recognized. High levels of both phosphate and nitrate can lead to eutrophication, which increases algae growth and ultimately reduces dissolved oxygen levels in the water [29]. Phosphates in both lagoons

were found in low levels; from 0.004 to 0.045 mg/L with a
mean value of 0.010 mg/L (Table 1).
As it is shown in the graphics in Figure 4, the content of
nutrients in other areas of Vlora Bay (reference sample collected near Orikum) was as following: nitrates 0.018 mg/L;
nitrites 0.005 mg/L; ammonium 0.024, phosphates 0.004 mg/
L. In the present investigation the nutrients content in the
water samples collected in both Narta and Orikumi Lagoon
were found at higher levels compared to the reference sample due to limited water circulation. The sources of nutrients could be the urban wastes discharged from the surrounding areas and agricultural and livestock wastes.
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Higher content of nutrients generally were found in Orikumi Lagoon.
2.6 Heavy metal in water samples

Determination of heavy metals concentration in saline
water is a problem from the analytical point of view because of the low heavy metals content; often lower than
detection limits of analysis methods. High salinity of water
is another major obstacle for chemical analysis of trace
metals due to matrix interferences. Descriptive statistics
was applied to the results obtained about the heavy metals

content in water samples analyzed. Minimal, maximal, median and mean values are given in Table 1 and are illustrated in Figure 5.
The trend of heavy metals distribution in each lagoon
was: Narta Lagoon: Hg<Pb<Cd<Cr<Cu<Zn and Orikumi
Lagoon: Hg<Cd<Pb<Cr<Cu<Zn.
In general higher heavy metals content resulted in
Narta Lagoon. Zn was found in higher content in station
N3, while Pb and Cr were found in higher content in stations N1 and N4 respectively (Figure 6). Cd was found in
higher content in station N5 and Hg in station N1. Cu was

FIGURE 6 - The diagrams of heavy metals content in Narta and Orikumi Lagoon
TABLE 1 - Statistical data of physico-chemical parameters, nutrients and heavy metals in Narta and Orikumi Lagoon
Variable

Mean

St.Dev.

Variance

CV%

Min

Median

Max

Skewness

pH

7.965

0.161

0.026

2

7.72

7.98

8.16

-0.286

-1.399

E (mV)

-53.54

9.151

83.75

17

-62.5

-57.6

-37.2

0.659

-1.131

Temp.(0 C)

8.85

0.295

0.087

3

8.3

8.9

9.2

-0.679

-0.487

Cond. (mS/cm)

47.46

21.97

482.58

46

22.6

40.45

76.3

0.223

-2.112

TDS (g/L)

26.03

12.18

148.41

47

12.16

22.81

41.8

0.193

-2.049

Salin. (‰)

30.05

13.37

178.65

44

15.1

29.45

45.4

0.018

-2.448

TSS

83.27

53.44

2855.9

64

21.6

74.05

165.3

0.265

-1.81

DO1

8.172

1.249

1.561

15

6.42

8.4

9.8

-0.158

-1.799

NO3--N1

0.035

0.023

0.001

66

0.016

0.029

0.084

1.521

1.274

NO2-N1

0.012

0.008

5.86E-050

67

0.004

0.0095

0.024

0.69

-1.153

NH4- N 1

0.045

0.034

0.001

76

0.016

0.0335

0.112

1.319

0.633

PO43--P1

0.01

0.012

0.00016

120

0.004

0.006

0.045

2.978

9.111

Cd2

0.276

0.344

0.118

125

0.069

0.149

1.194

2.538

6.799

Cu2

4.243

1.7

2.89

40

1.04

4.084

7.574

0.127

1.748

Cr2

1.078

151

0.014

0.217

3.152

1.952

3.192
-0.028

0.687

1.038

2

0.182

0.105

0.011

58

0.062

0.143

0.376

1.092

Zn2

69.87

39.2

1536.9

56

29.4

60.3

162

1.551

2.86

Hg2

0.145

0.069

0.005

48

0.069

0.128

0.273

0.763

-0.516

Pb

1

1

Kurtosis

(mg/L), 2 (µg/L),

2980

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

found in higher content in station O5 (situated near naval
base of Pasha Liman). The heavy metals content in water
samples of Narta and Orikumi Lagoon were found at very
low levels. Based on total content of heavy metals in
waterof Orikumi Lagoon, all the stations studied were
classified in class I and II (clean water) of Seawater Quality Standard of China GB 3097-1997 [30] regarding Cu,
Cr, Cd and Pb. Regarding Hg content, stations N1 and N4
belongs to Class III-IV (slightly polluted- medium polluted water). The main contribution of Hg in Narta Lagoon
might have been the discharges in the past of ex-chlor alkali plant to the sea water near the lagoon and the atmospheric deposition of metallic mercury from the territory of
the plant. Stations N3, N5 of Narta Lagoon and O1, O2, O3
and O4 of Orikumi Lagoon resulted slightly polluted regarding Zn content. The main source
of Zn might be the atmospheric sources of dust generated
by the erosion of land surfaces (wind transported dusts),
but also by direct emission from anthropogenic activities
(industry, agriculture, transportation) [31].
2.7 Statistical processing of the experimental data

For better understanding the level and the variation of
the parameters under investigation, the descriptive statistic
was used for data statistically treatment. The results are
shown in Table 1.
The parameters under investigation are separated in
three groups. The first group of the parameters (pH, E,
Temp. and DO) are very stable and show a low variation
of the data (CV%<25%). The second group of the parameters (Cond, TDS, Sal, TSS, nitrite, nitrate, Cu, Pb, Zn and

Hg) are relatively stable and show a middle variation of the
data (25%<CV%<75%), by meaning that this group of parameters show a moderate impact from different factors.
The third group of the parameters (NH4- N, PO43--P, Cd
and Cr) shows a high variation of the data (CV%>75%), by
meaning that this group of parameters shows a strong impact from the anthropogenic factors. It is found that only
two parameters (PO43--P and Cd) are characterized by high
values of positive skweness and curtosis that indicate their
data are positive skwened and are influenced by complicated factors [32]. For a better interpretation of the data the
correlation and multivariate analysis of the experimental
data was used.
2.8 Correlation and multivariate analysis of the experimental
data

The bivariate correlations coefficients between the seawater parameters in Narta and Orikumi Lagoons were computed to indicate the strength and direction of the statistical
relationship between the pairs of the parameters in seawater. In this investigation, the Pearson correlation coefficient r was computed, because the concentration of most of
parameters in seawater samples were more or less normally
distributed and were characterized by low or moderate variation (CV%<75%, see Table 1). The parameters with low
variation (CV<15%) were excluded from the calculation,
because they are stable and do not predict any positive or
negative correlation with the rest of parameters. The results
are shown in Table 2.
The strongest positive correlations (r>0.8, P<0.05)
exist between the pairs of the parameters: TDS-Cond., SalCond, Sal-TDS, TSS-Cond., TSS-Sal, TSS-TDS, in the

1.000

TDS

0.9811

1.000

Sal.

0.9691

0.9511

1.000

1

1

0.9731

1.000

-0.606

-0.627

-0.6683

-0.6353

1.000

-0.525

-0.521

-0.620

-0.6423

0.013

1.000

-0.574

-0.554

-0.574

-0.572

0.049

0.579

1.000

0.952

0.959

0.405

0.270

0.286

0.159

-0.012

0.076

-0.331

1.000

Cd

0.263

0.300

0.371

0.306

-0.357

-0.435

-0.273

-0.309

1.000

Cr

0.241

0.225

0.143

0.116

-0.314

0.328

0.355

0.121

-0.309

1.000

Cu

0.240

0.214

0.451

0.380

-0.391

-0.428

-0.154

-0.152

0.121

0.120

1.000

Pb

1

3

3

3

3

Zn
Hg
P<0.001;

0.769

0.692

0.690

-0.347

-0.539

0.660

-0.152

0.299

-0.150

1

0.195

0.169

0.216

-0.009

-0.441

-0.023

-0.331

0.660

-0.325

0.067

-0.048

1

2

2

3

3

-0.492

-0.163

-0.566

0.633

-0.331

-0.014

-0.535

0.6463

-0.109

0.667

2,

2981

Hg

Zn

-0.249

0.088

0.838
0.817
0.723
P<0.01; 3 P<0.05

0.705

Pb

Cu

Cr

Cd

PO43- -P

NH4+-N

NO2—N

NO3—N

TSS

Sal.

Cond.

TSS
NO3—
N
NO2—
N
NH4+N
PO43- P

1,

TDS

Cond.

TABLE 2 - The results of the Pearson linear correlations coefficients (r)
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FIGURE 7 - The dendrogram of Cluster Analysis of Observations (Sinilarity Level 80%)

Final Partition: Cluster 1: O1-O4 and O5; Cluster 2: N1, N2 and N4; Cluster 3: N3 and N5

water samples of the lagoons, by meaning that these parameters vary in the same positive sense. These parameters
resulted to be stable and to have a similar view, regarding
the results obtained (see Table 1 and Figure 2). The conductivity is often referred to the water quality parameters
like salinity and TDS. The TDS and the salinity are associated with the presence of the dissolved inorganic ions such
as Mg++, Ca++, K+, Na+, Cl- SO42- HCO3-and CO32- [21].
This might be the reason of the high correlation between
TDS and the salinity parameters. Strong and significant
correlations (P<0.05) exist between the group of the parameters (TSS, TDS, Salinity and conductivity) and Hg as
shown in Table 2. The main contribution of Hg are the discharges in the past of ex-chlor alkali plant to the sea water
near the lagoon and the content of metallic mercury in the
water and sediments of the Narta Lagoon positioned very
close to the dumps of the ex-chlor alkali plant [33, 34].
Moderate correlations (0.6<r < 0.8, P<0.05) were observed for the pairs of parameters Pb-Cond, Pb-Sal, PbTSS, Pb-TDS, Hg-TSS and Hg-Pb. Pb, Hg and other metals are typical element with anthropogenic origin from traffic emission, and discharges from the delta of Vjosa river,
anthropogenic activities (industry, agriculture, transportation) and/or soil dust transport to the open sea [35].
While nitrate shows negative strong correlations with
salinity and TSS (r = -0.668 and -0.635, respectively,
P<0.05). It is probably showing the inverse relationships of
these parameters with photosynthesis. TSS and salinity
have negative effects in photosynthetic processes and the
production of dissolved oxygen in water. Nitrate pollution
will cause eutrophication of a stream where algae and
aquatic plant growth will consume the oxygen and increase
the TSS of the water [21].
For better interpretation of the correlation results, the
Cluster analysis (CA) were computed by using Minitab 17
software. The results of CA are shown in Figure 7.

From the point of view of the environmental status of
the stations under investigation, three main clusters were
obtained from CA analysis. The stations of same lagoon
were more or less classified in the same cluster, by indicating small variation on the environmental status of the stations inside the same lagoon (except the stations N3 and
N5 of Narta Lagoon).
Cluster 1 represent a similarity level about 90% and is
associated with the sampling sites St. O1, O2, O3, O4, O5
that are positioned in Orikumi Lagoon. This association is
probably influenced by the discharges of urban waste-waters, agricultural runoff discharged from the surrounded areas, causing a higher nutrient content compared to other
studied areas. Another reason of this association might be
the influence of a spring of fresh water from the bottom of
the lagoon positioned in the southwestern part of the Orikumi Lagoon. The mixing of the lagoon’s water with the
fresh water causes the reduction of salinity and normal
physico-chemical parameters in water of Orikumi Lagoon.
Cluster 2 represents a similarity level about 90% by
grouping together the sampling sites N1, N2, and N4 of
Narta Lagoon. The association of these stations in the same
Cluster is due to their similar characteristics in the terms of
the correlation coefficients of physico-chemical parameters. The depth of Narta Lagoon (known as a shallow lagoon with 0.70 m to 1.50 m of deepness) and the urban
wastewater discharges have a strong influence on the parameters under investigation of Narta Lagoon.
The sampling site N3 is positioned close to the drainage channels of Panaja and the station N5 is positioned at
the mouth of the channel that connect Narta Lagoon and
Vlora Bay. These stations are grouped in Cluster 3 and are
associated with the other stations of Narta Lagoon with a
similarity level of about 45 % that is probably affected
from the discharges of the Panaja drainage channels and
the impact of the sea water.
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4. CONCLUSION
Physico-chemical parameters, nutrients and heavy
metals content in combination with the multivariate analysis were successfully used in this study to assess the environmental situation of Narta and Orikumi Lagoon positioned in Vlora Bay, Albania.
In general the physico-chemical parameters including
dissolved oxygen (DO), resulted in normal levels. The nutrients content in the water samples collected in Narta and
Orikumi Lagoon were found at higher levels (especially in
Orikumi Lagoon) compared to the reference sample of
Vlora Bay. The sources of nutrients could be the urban
wastes discharged from the surrounding areas and agricultural and livestock wastes. However, based on nutrients
content in water, both Narta and Orikumi Lagoon are suitable for fish growth.
The trend of heavy metals content in water of Narta
and Orikumi Lagoon resulted Zn>Cu> Cr > Cd and/or
Pb>Hg.
A concern was the Hg level in water samples collected
in Narta Lagoon, due to the discharges in the past from the
ex-chlor alkali plant to the sea water near the lagoon and
the dumps of the ex-chlor alkali plant positioned close to
Narta Lagoon. The sources of Cu, Zn, Cr, Pb and other
metals in seawater of lagoons are caused by atmospheric
deposition due to the heavy traffic in Vlora area, the discharges from the delta of Vjosa River, industrial activities,
urban discharges etc.
Three main clusters resulted from the cluster analysis
of the dataset of the investigated samples by clustering together in a reasonable way the sampling sites under investigation. Cluster 1 and 2 contain the sampling sites of the
same lagoon, and the next cluster was formed with the two
sampling sites of Narta Lagoon that are positioned close to
the drainage discharge channel of Panaja (N3) and lagoonsea communication channel of Narta Lagoon (N5), by indicating a high similarity of environmental situation of the
sites of each eco-system. Compared to previous studies
[24], the results show stable situation for a long period.
The authors have declared no conflict of interest.
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ABSTRACT

1. INTRODUCTION

Fluopicolide is a relatively new compound used in pest
management of vegetable crops. This study was carried out
to validate efficient analytical methods to analyze fluopicolide and its major metabolite 2,6-dichlorobenzamide in
vegetables (cabbage, cauliflower, and cucumber) and soil
by gas chromatography (GC) and gas chromatographymass spectrometry (GC-MS). The extraction and purification of fluopicolide residues and its metabolite was carried
out by QuEChERS and ethyl acetate based extraction
methods. The methods were validated by assessing various
performance parameters such as selectivity, linearity, limit
of detection (LOD), limit of quantification (LOQ), accuracy and precision, matrix effect, measurement uncertainty
and recovery. The suitability of the both methods for analysis of fluopicolide and 2,6-dichlorobenzamide in all the
matrices was evaluated. The recoveries of fluopicolide and
its metabolite from vegetables and soil at the spiking levels
of 0. 01-0. 5 µg g־1 were between 68. 72-97. 80% and 62.
22-99. 40% by QuEChERS and ethyl acetate based extraction methods, respectively. The repeatability of the methods, expressed as relative standard deviation (%RSD), was
between 4. 8-13. 8 (QuEChERS) and 4. 5-13. 0 (ethyl acetate). The combined uncertainties were in the range of 10.
9-19. 6% for QuEChERS and 10. 7-18. 8% for ethyl acetate
method. Ethyl acetate based extraction method was better
suited for analysis of fluopicolide and 2,6-dichlorobenzamide in cucumber and QuEChERS method for cabbage
and cauliflower. Analysis of both compounds in soil gave
satisfactory results from the two methods at the spiking
levels of 0. 01-0. 5 µg g־1.

KEYWORDS:
Fluopicolide, method validation, recovery, soil, vegetables
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Fluopicolide (2,6-dichloro-N-[3-chloro-5-(trifluoromethyl)-2-pyridylmethyl] benzamide) is a meso systemic fungicide belonging to benzamide pyridine chemical class of
fungicides. The major metabolite of fluopicolide on crops is
2,6-dichlorobenzamide [1]. Fluopicolide has a new mode of
action and this fungicide is active at low application rates
[2]. It is used for control of downy mildew of grapevine
(Plasmoparaviticola), late blight of potato, tomato and
other solanaceous plants (Phytophthorainfestans); as well
as downy mildew on cucurbits (Pseudoperonosporacubensis) and lettuce (Bremialactucae) [3, 4]. Cabbage, cauliflower and cucumber are important vegetable crops grown
throughout the world. Cabbage and cauliflower are affected
by downy mildew and late blight is a major disease of cucumber. Fluopicolide is used for control of downy mildew
of cabbage and cauliflower and late blight of cucumber [5].
Information on the analysis of fluopicolide in various
substrates is limited. Previous study on its analysis in grape
involved a long procedure using large amount of organic solvents [6]. QuEChERS method, developed by Anastassiades
et al. [7] has wide applicability in pesticide residue analysis.
Ethyl acetate based extraction method has been used for
analysis of a large number of pesticides in several matrices
[8-10]. Method validation is required to ensure the quality
and reliability of analytical results. Analysis of pesticides by
GC and GC-MS has wide applicability and can be used to
analyze fluopicolide. Analysis of fluopicolide in tomato has
been reported using the QuEChERS method [11]. But to the
best of our knowledge no systematic method validation information is available to analyze fluopicolide and its metabolite using different solvent systems to achieve maximum
sensitivity. Present work emphasizes on the qualitative and
quantitative analysis of fluopicolide and 2,6-dichlorobenzamide by GC and GC-MS in cabbage, cauliflower, cucumber and soil. QuEChERS and ethyl acetate based extraction
methods in conjunction with GC and GC-MS has been validated to analyze fluopicolide and its metabolite by assessing
the validation parameters [12].
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hexane: acetone (9:1). The samples were transferred to
1.5 mL glass vials for analysis by GC and GC-MS.

2. MATERIALS AND METHODS
Certified reference material of fluopicolide (purity
99.2 %) was obtained from Bayer crop science Ltd, Mumbai, India and 2,6-dichlorobenzamide (purity 99.9%) was
procured from Sigma Aldrich Chemicals Pvt. Ltd, India.
Acetonitrile used was of HPLC grade and procured from
Spectrochem Pvt. Ltd, India. All other reagents and chemicals (ethyl acetate, hexane, acetone, magnesium sulfate, anhydrous sodium sulfate, primary secondary amine (PSA),
and anhydrous sodium acetate) used in this study were of
analytical grade and procured locally. Magnesium sulfate
was activated by heating in a muffle furnace at 600 ºC for 6h
and kept in desiccators prior to use. Anhydrous sodium sulphate was activated in a hot air oven at 110 ºC for 6h kept
in desiccators prior to use. Standard stock solutions of
fluopicolide and 2,6-dichlorobenzamide were prepared at
the concentration of 200 µg mL־1 by dissolving 20±0.1 mg
in 100 mL of analytical grade solvents (acetone and ethyl
acetate) in calibrated volumetric flasks. Working standard
solutions were prepared by appropriate dilutions of stock
solution. All standard solutions were stored at -20 ºC. Volumetric flasks containing the standard solutions were
weighed after preparation and any loss of solvent during
storage was adjusted with appropriate solvents before use.
Cabbage, cauliflower and cucumber crop was grown
in the experimental field of Indian Institute of Horticultural
Research (IIHR), Bangalore, India, without application of
pesticides. About 2 kg of each vegetable samples were cut
into small pieces. A sub-sample of about 300 g was homogenized using a Waring blender. The vegetable samples (15 g)
were placed in 50-mL polypropylene centrifuge tubes. Soil
was collected from the experimental field with no history
of fluopicolide use. The soil was air dried at room temperature, passed through 2 mm sieve and used in the study.
Soil samples (15 g) were placed in 50-mL polypropylene
centrifuge tubes and 5 mL of water was added to increase
the moisture level. The vegetable and soil samples were
spiked with fluopicolide and 2,6-dichlorobenzamide at 0.01,
0.05, 0.1 and 0.5 µg g־1. Each spiking was carried out with
6 replications.
2.1 QuEChERS method

The centrifuge tubes containing spiked samples (15 g)
were treated with 15 mL of HPLC grade acetonitrile and
mixed in a Vortex mixer for 1 min. Anhydrous magnesium
sulfate (6 g) and anhydrous sodium acetate (1.5 g) were
added to the tubes containing the samples. The contents of
the tubes were mixed thoroughly and centrifuged at 3433 rcf
for 10 min using a Restek centrifuge (Q-Sep 3000, Bellefonte, PA 16823, USA). The upper acetonitrile extracts
(3 mL) were transferred to 15-mL centrifuge tubes containing 150 mg PSA and 450 mg anhydrous magnesium sulfate, mixed by a vortex mixer and centrifuged at 3433 rcf for
10 min. Two mL of the acetonitrile extract was concentrated
to dryness in a low volume concentrator (ZymarkTurbovap
LV Evaporator) under nitrogen and redissolved in 2 mL of

2.2 Ethyl acetate based extraction method

The centrifuge tubes containing 15 g spiked samples
were treated with 15 mL ethyl acetate, 15 g anhydrous sodium sulphate and mixed in a Vortex mixer for 1 min and
centrifuged at 3433 rcf for 10 min. A portion of the upper
ethyl acetate extracts (3 mL) was transferred to 15-mL centrifuge tubes containing 150 mg PSA and 450 mg anhydrous
magnesium sulfate, mixed by vortex mixer and centrifuged
at 3433 rcf for 10 min. The samples were transferred to
1.5 mL glass vials for analysis by GC and GC-MS.
Residue analysis of fluopicolide and 2,6-dichlorobenzamide in cabbage, cauliflower, cucumber and soil was
performed using a Bruker gas chromatograph (GC), Model
450-GC, equipped with Ni63 electron capture detector (ECD)
and an auto-sampler (Model 1177 S/SL). One micro liter of
samples was injected with the auto-sampler. A capillary column DB-5MS (30m x 0.25mm, 0.25µm film thickness; stationary phase, 5% phenyl/ 95% dimethylarylene siloxane)
was used for the analysis. The injector was kept at split
mode with a split ratio of 20. Column oven was initially
maintained at 80 ºC with a hold time of 5 min, then increased at 15ºC min־1 to 150 ºC with a hold time of 5 min
and then increased at 4 ºC min־1 to 250 ºC and eventually
increased at 10 ºC min־1 to 280 ºC with a hold time of
17 min. The temperatures of the injector and detector
were maintained at 280 ºC and 300 ºC, respectively. Ultra
high pure nitrogen was used as the carrier gas at a flow rate
of 1 mL min־1. The retention times of fluopicolide and 2,6dichlorobenzamide under the above operating conditions
were 37.1 and 21.6 min.
Confirmation of the presence of fluopicolide and its
metabolite in the samples was done by GC-MS. A Shimadzu GC-MS with QP2010 plus detector was operated in
electron ionization mode (EI, 70eV). Restek, Rtx®-1701
(30m x 0. 25mm, 0. 25µm film thickness; stationary phase,
14% cyanopropylphenyl/ 86% dimethyl polysiloxane) column was used for the analysis. Ultra high pure helium gas
was used as carrier gas and the flow rate was 1 mL min־1.
The GC was operated in split less mode. The temperatures
of the injector and ion source were at 250 ºC and 200 ºC
respectively. Column oven temperature maintained was
similar to GC analysis. Fluopicolide analysis was initially
carried out by Scan mode and mass fragments were identified. Further analysis was carried out by selective ion monitoring (SIM) mode by monitoring the fragments. Analysis
of 2,6-dichlorobenzamide was carried out by SIM mode
and compared with the NIST database.
2.3 Method validation

Method validation was performed according to SANCO
guidelines (method validation and quality control procedures for pesticide residues analysis in food and feed) [12].
The methods used for analysis of fluopicolide and its me-
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tabolite in cabbage, cauliflower, cucumber and soil were
validated by studying the selectivity, linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy and
precision, matrix effect, recovery and measurement uncertainty(MU). Selectivity is the ability of the detector to provide signals to identify a compound in a complex matrix
without interference from other components in the matrix.
It was studied to assess the reliability of measurements in
the presence of interferences. To study the selectivity of the
method, blank and spiked samples were analyzed in a low
to high concentration range in all the matrices. The accuracy
of the methods was determined by spiking fluopicolide and
2,6-dichlorobenzamide in cabbage, cauliflower, cucumber
and soil samples at four concentration levels (0.01, 0.05, 0.1
and 0.5 µg g־1). The precision of the method was expressed
as the percent relative standard deviation (% RSD) for replicate analyses (6 replications) of the spiked samples. Precision was studied at two levels: within-lab repeatability (intraday precision), within-lab reproducibility (inter day precision), which are addressed in the method validation [13].
The 6 replicated spiked samples were analyzed in a single
day and over a period of 6 days. The LOD (the minimum
level at which the analytes can be reliably detected) was
determined by analyzing different concentrations (0.003–
1.0 µg mL־1) of fluopicolide and 2,6-dichlorobenzamide in
GC. The lowest concentration at which fluopicolide and its
metabolite were reliably detected at a signal to noise ratio
of 3 was considered LOD. The LOQ (this is the lowest
amount that can be determined with defined precision and
accuracy) of the method was determined by injecting different concentrations of the spiked samples. The minimum
concentration at which analytes could be determined without interference of matrix constituents at a signal to noise
ratio of 10:1 was considered LOQ. The linearity was estimated by analyzingfluopicolide and its metabolite prepared in acetone and ethyl acetate as well as in matrix extracts of cabbage, cauliflower, cucumber and soil. The linearity was evaluated by a six point linear plot in the range
of 0.003-1.0 µg mL־1 and injections performed in triplicates. Linearity curve was plotted with concentration versus average instrument signal response.

RUcomb=

Where R Ucomb is relative the combined uncertainty, R
Urec is the relative uncertainty from repeated observations
(recovery), RU volsampleand temp is the relative uncertainty from
sample volume and temperature, R Uconc of ref std is the relative uncertainty from concentration of reference standard,
R Uvol of ref std is the relative uncertainty from volume of reference standard, R Um of ref std is relative uncertainty from
mass of reference standard, R Um of ref sample is the relative
uncertainty from mass of sample
In chromatographic analysis matrix effect either enhances or suppresses the target analytes. The matrix effect
is compound dependent, probably due to the different components co extracted with pesticides from the matrix [14].
Matrix components are unavoidably present in analyzed
samples even after a thorough clean-up step. This may be
responsible for miscellaneous adverse affects impairing
different stages of the GC determinative step [15]. ECD is
a sensitive functional group selective detector, elution of
impurities from the matrix with the same retention time as
the target analytes is possible. It may give rise to false positive and false negative results. To avoid such a situation
matrix matched standards were analyzed along with solvent standards. Quantification of matrix effect was done as
percent enhancement or percent suppression in the detector
response by the following equation.

Estimation of matrix effect is required to avoid false
results. Quantification of fluopicolide and its metabolite
residues were done by calibration curve of matrix matched
standards.
3. RESULTS AND DISCUSSION

The measurement uncertainty is a parameter associated with the results of a measurement that expresses the
dispersion of the true values. The potential sources contributing towards the uncertainty were identified and listed.
Type-A uncertaintywas evaluated by determining the relative standard deviation of repeated observations i. e., recovery. Type-B uncertaintywas evaluated by considering
the factors such as purity of the reference standard, preparation of reference standards, weight of sample used, volume of solvents, balance calibration, volumetric glass
wares used and final volume of the sample. Relative uncertainty of each component was calculated. All individual
uncertainties were computed and the combined uncertainty
was estimated using the formula given below. The expanded
uncertainty was determined by using the coverage factor
K=2, to give a confidence level of 95%.

The extraction efficiency and analytical performance
of QuEChERS method and ethyl acetate based extraction
methods were evaluated by carrying out recovery experiments at different spiking levels. Cabbage, cauliflower, cucumber and soil samples were spiked with fluopicolide and
2,6-dichlorobenzamide at 4 different concentrations levels
(0.01, 0.05, 0. 1 and 0.5 µg g־1). Recoveries of fluopicolide
by QuEChERS analytical method from cabbage (75.7094.75 %), cauliflower (78.04-95.90 %) were within the acceptable range of 70-120 % (12) (Table 1). In case of cucumber the recovery at the lowest spiking level of 0.01 µg
g־1 was 68.72%. At the higher spiking levels the recoveries
were within satisfactory range. Recovery of the metabolite
was within the acceptable range from all the 3 matrices
(Table 1).
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TABLE 1 - Recovery of fluopicolide and 2,6-dichlorobenzamide from cabbage, cauliflower, cucumber and soil at different spiked levels by
QuEChERS method
Spiked
concentrations
(µg g-1)

Average recovery percent ± SD*
Cabbage

Cauliflower

Cucumber

Soil

Fluopicolide

2,6 DCB**

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

Fluopicolide

0.01

75.70±8.2

83.62±9.1

78.04±9.6

80.20±7.2

68.72±9.5

73.51±8.4

86.40±8.8

80.55±7.5

0.05

81.52±7.0

84.45±7.2

81.82±7.8

81.60±6.8

72.80±8.6

77.81±6.4

88.70±7.0

82.80±5.1

0.10

89.50±5.8

90.76±5.3

89.53±7.0

88.73±6.2

77.53±7.1

80.65±6.2

91.70±6.2

86.40±4.7

0.50

94.75±5.6

96.44±4.7

95.90±5.7

90.55±4.5

83.60±6.3

85.70±5.3

97.80±5.5

92.72±4.5

2,6 DCB

*Average of 6 replicate analyses ± SD
** 2,6-dichlorobenzamide

TABLE 2 - Recovery of fluopicolide and 2,6-dichlorobenzamide from cabbage, cauliflower, cucumber and soil at different spiked levels by
ethyl acetate based extraction method
Spiked
concentrations
(µg g-1)

Average recovery percent ± SD*
Cabbage

Cauliflower

Cucumber

Soil

Fluopicolide

2,6
DCB**

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

0.01

62.22±8.1

68.23±7.4

65.13±8.4

67.90±7.5

75.40±9.4

76.53±7.7

77.90±8.6

76.32±6.2

0.05

73.26±7.7

75.44±6.8

73.81±6.3

70.22±7.0

86.60±8.3

81.25±5.8

88.70±7.1

81.55±6.1

0.10

76.80±6.5

83.82±6.2

77.21±6.0

80.76±6.2

93.74±7.8

87.36±5.2

95.36±6.6

88.20±5.3

0.50

79.90±5.9

85.62±5.4

78.90±5.5

82.63±5.9

98.22±6.5

99.30±4.5

99.40±5.2

93.85±5.0

*Average of 6 replicate analyses ± SD
** 2,6-dichlorobenzamide

Therefore QuEChERS method can be satisfactorily
used for analysis of fluopicolide in cabbage and cauliflower at 0.01 µg g־1 and in cucumber at 0.05 µg g־1. Recoveries of the fungicide by ethyl acetate based analytical
method from cucumber (75.40-98.22 %) were within the
acceptable range (Table 2). Recoveries of fluopicolide
and 2,6-dichlorobenzamide at the lowest spiking level of
0.01 µg g־1 in cabbage (62.22 %) and cauliflower (65.13 %)
obtained by this method were below the acceptable range.
Therefore ethyl acetate based analytical method can be satisfactorily used for analysis of fluopicolide in cucumber at
0.01 µg g־1; in cabbage and cauliflower at 0.05 µg g־1. Soil
could be efficiently analyzed by both the methods (Table 1
and 2). The recoveries of fluopicolide and 2,6-dichlorobenzamide in cucumber by ethyl acetate based extraction
method were greater than that obtained by QuEChERS
method. Ethyl acetate is partially immiscible with water
and forms emulsions [10]. In ethyl acetate method anhydrous sodium sulphate: sample ratio maintained was 1:1
(w:w). Anhydrous sodium sulphate serves as a drying
agent to absorb excess water. Besides absorbing moisture
sodium sulphate acts as a dispersing agent facilitating better sample-solvent exposure. Moisture content of cucumber is more than that of cabbage and cauliflower [16]. Absorption of moisture by sodium sulphate could have helped
the sample-solvent interaction and thus increasing the recovery of fluopicolide in cucumber at a lower spiking
level by ethyl acetate extraction method. Development of

a universal analytical method for the residue analysis of
pesticides may be difficult as their physical and chemical
properties differ [10].
Fluopicolide and 2,6-dichlorobenzamide spiked chromatograms of cabbage; cauliflower and soilby GC-ECD
(QuEChERS and ethyl acetate based extraction method)
are presented in Figure 1, 2 and 3, respectively. A single
gradient temperature program was used for GC to analyze
spiked samples prepared by both the methods. The peak
shapes of fluopicolide were good in the chromatograms of
samples prepared by QuEChERS method for cabbage and
cauliflower with less matrix interference. In cucumber matrix, the fluopicolide peak shape was better in samples prepared by ethyl acetate based extraction method compared
to that of QuEChERS method with less matrix components. Enhancement of chromatographic peaks of the metabolite 2,6-dichlorobenzamide was observed in GC analysis in samples prepared by both methods due to presence
of peaks in blank matrix (at the same retention time). In the
chosen GC temperature program, the elution time of
fluopicolide is longer. This longer retention time enhanced
the peak efficiency and resolution [17]. The gradient temperature program used for GC-MS was similar to that of
GC-ECD. Identification of fluopicolide and 2,6-dichlorobenzamide could be carried out satisfactorily by GC-MS
using the method described above.
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FIGURE 1 - GC chromatograms (a) cabbage control – ethyl acetate method, (b) cabbage sample spiked with fluopicolide and 2,6-dichlorobenzamide (0.1 µg g-1) – ethyl acetate method, (c) cabbage control - QuEChERS method, (d) cabbage sample spiked with fluopicolide and 2,6dichlorobenzamide (0.1 µg g-1) – QuEChERS method
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FIGURE 2 - GC chromatograms (a) cauliflower control – ethyl acetate method, (b) cauliflower sample spiked with fluopicolide and 2,6-dichlorobenzamide (0.1 µg g-1) – ethyl acetate method, (c) cauliflower control -QuEChERS method, (d) cauliflower sample spiked with fluopicolide
and 2,6-dichlorobenzamide (0.1 µg g-1) – QuEChERS method
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FIGURE 3 - GC chromatograms (a) soil control – ethyl acetate method, (b) soil sample spiked with fluopicolide and 2,6-dichlorobenzamide
(0.1 µg g-1) – ethyl acetate method, (c) soil control - QuEChERS method, (d) soil sample spiked with fluopicolide and 2,6-dichlorobenzamide
(0.1 µg g-1) – QuEChERS method
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The selectivity was determined by analyzing solvent
and matrix matched standards of fluopicolide and its metabolite by GC and GC-MS. Fluopicolide and its metabolite could be easily identified without any interference from
the matrix co-extractives of cabbage, cauliflower, cucumber and soil. The presence of fluopicolide and its metabolite in spiked samples has been evidenced by GC chromatogram and confirmed by analysis in GC-MS. The accuracy was evaluated by recovery experiments on samples of
cabbage, cauliflower, cucumber and soil. The recoveries
obtained were within the acceptable range of 70-120 % at
all the spiking levels for cabbage and cauliflower by
QuEChERS method. Similarly in cucumber ethyl acetate
based extraction method gave satisfactory recovery at all
the spiking levels. The intraday precision calculated and
expressed as percent relative standard deviation (%RSD)
was in the range of 4.5-13.8 for all the matrices. Inter day
precision was also calculated and %RSD values were within
the acceptable range of ≤20 (12). The LOD of fluopicolide
and its metabolite was found to be 0.003 µg mL־1. Thisis the
lowest concentration that can be reliably detected at the signal to noise ratio was 3:1. The LOQ of the method was determined by injecting different concentrations of spiked
samples of vegetables and soil. Based on the recovery results
obtained the proposed LOQ was 0.01 µg g־1 for the quantification of fluopicolide and its metabolite in cabbage and
cauliflower by QuEChERS method and cucumber by ethyl
acetate based extraction method. Similarly the LOQ was
set at 0.05 µg g־1 for the quantification of fluopicolide and
its metabolite in cabbage and cauliflower by ethyl acetate
based method and cucumber by QuEChERS method depending on the recoveries obtained. The linearity curves
obtained for fluopicolide and 2,6-dichlorobenzamide
standard solutions in acetone and ethyl acetate as well as in

the matrix extracts were linear in the range of 0.003-1.0 µg
mL־1 and correlation coefficients (R2) were ≥0. 99.
All the identified standard uncertainty components,
Type-A and Type-B methods, were combined to produce
an overall value of uncertainty (combined standard uncertainty) associated with the analytical method [18, 19]. Expanded uncertainty was calculated by using a coverage factor, K=2 at 95 % confidence level and the results are presented in Tables 3 and 4. The uncertainties thus computed
were in the range of 10.7-19.7 % and increased with the
decrease in the spiking concentration. Uncertainties from
standard deviations of replicate analyses were found to be
the largest contributor to the uncertainty.
Matrix effect (%ME) was determined for cabbage,
cauliflower, cucumber and soil by comparing the peak areas of fluopicolide and its metabolite from solvent and matrix matched standards. A matrix effect of 100 % indicates
the signals are same and no observable change to the signal
occurs in the sample. Values of 100±20 % are considered
suitable values indicating small matrix effects [20]. Matrix
effect was negligible for fluopicolide analysis in cabbage,
cauliflower and cucumber from both ethyl acetate based
method and QuEChERS methods. For the metabolite 2,6dichlorobenzamide matrix effect was more in cabbage and
cauliflower samples (due to enhancement of chromatographic peaks) and to some extent in cucumber sample.
However the matrix effect was always within 100±20 %.
Ethyl acetate is a stronger partitioning solvent than acetonitrile and therefore the matrix effect was more in cabbage
and cauliflower when extracted using ethyl acetate leading
a lesser recovery compared to QuEChERS method. This
may be due to the more number of matrix components eluted

TABLE 3 - Uncertainty of measurement (%) in analysis of fluopicolide and 2,6-dichlorobenzamide by QuEChERS method
Spiked
concentrations (µg g-1)
0.01

Cabbage

Cauliflower

Cucumber

Soil

Fluopicolide

2,6 DCB*

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

16.4

16.5

17.9

14.5

19.7

17.0

15.7

13.6

0.05

14.1

14.1

15.1

13.9

17.5

13.8

13.5

11.9

0.10

12.2

11.7

13.4

12.6

14.7

13.3

12.4

11.3

10.9

11.7

11.0

13.1

11.9

11.5

10.9

11.7
0.50
* 2,6-dichlorobenzamide

TABLE 4 - Uncertainty of measurement (%) in analysis of fluopicolide and 2,6-dichlorobenzamide by Ethyl acetate based extraction method
Spiked
concentrations (µg g-1)
0.01

Cabbage

Cauliflower

Cucumber

Soil

Fluopicolide

2,6 DCB*

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

Fluopicolide

2,6 DCB

18.8

16.4

18.6

16.6

18.2

15.6

16.6

13.7

0.05

16.1

14.5

14.1

15.5

15.1

12.8

13.6

13.1

0.10

14.0

13.0

13.3

13.3

13.9

11.7

12.6

11.8

12.0

12.6

12.8

12.3

10.7

11.2

11.3

13.0
0.50
* 2,6-dichlorobenzamide
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from ethyl acetate based method as seen in the Figures 1 and
2. In cucumber, QuEChERS method showed more matrix
effect than ethyl acetate method and less recovery was obtained by QuEChERS method. Variations in the eluted matrix components from both the methods were noticed. As
shown in Fig. 3 clean matrix extracts were obtained from
soil both by QuEChERS and ethyl acetate method without
any clean-up.
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Rashmi, N., Kumar, S., Prakash, G. S. (2011). Persistence and
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semi arid tropical climatic conditions of India. Bulletin of Environmental Contamination and Toxicology, 86, 238-241.
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J. (2003). Fast and easy multiresidue method employing acetonitrile extraction/partitioning and dispersive solid-phase extraction for the determination of pesticide residues in produce.
Journal of AOAC International, 86, 412-431.
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Arondeous, K., Sunarto, S. (2007). Modification and re-validation of the ethyl acetate based multi-residue method for pesticides in produce. Analytical Bioanalytical Chemistry, 389,
1715-1754.

4. CONCLUSION
QuEChERS and ethyl acetate analytical methods were
validated successfully for analysis of fluopicolide and its
metabolite in cabbage, cauliflower, cucumber and soil.
QuEChERS method proved to be a valuable tool for analysis of fluopicolide and its metabolite in cabbage and cauliflower (LOQ, 0.01 µg g-1) and ethyl acetate based extraction method for cucumber (LOQ, 0.01 µg g-1). Acceptable
recoveries were obtained for soil by both the methods. Both
methods were selective for determination of fluopicolide
and 2,6-dichlorobenzamide in vegetables and soil. The
measurement uncertainties were within 19.7 % at 95 % confidence level indicating efficiency of the proposed methods.
The methods can be used efficiently to determine fluopicolide and its metabolite 2,6-dichlorobenzamide in cabbage,
cauliflower and cucumber at below their respective maximum residue limits (MRLs) in these commodities [21].
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ABSTRACT
The aim of this study is to provide knowledge and establish data about the levels of some trace metals in the Euthynnus affinis fish. The Euthynnus affinis is an important
commercial migratory fish consumed by the locals in the
Gulf of Aqaba, Red Sea, during its seasonal period. The
levels of these heavy metals (magnesium, manganese,
nickel, chromium, cobalt, cadmium and copper) were determined in the liver, heart, spleen, muscle, kidney, gills,
gonads and stomach of forty Euthynnus affinis fish collected from the Gulf of Aqaba, Red Sea. Significant differences in the levels of trace metals were found among different organs and high variations in the concentrations and
the levels of the analyzed metals were obtained. Our study
reveals that the length of the samples did not affect the levels of most of the analyze metals, and for those metals that
were affected there is a negative relationships with the
length.

KEYWORDS:
trace metals, levels, concentration, E. affinis, Red Sea, Aqaba.

1. INTRODUCTION
Toxic elements, or more generally trace elements, are
now considered to be among the most effective environmental contaminants. The releasing of the trace elements
into the environment is increasing in the last decades,
threatening invertebrates, fish, and humans [1]. Fish are
relatively situated at the top of the aquatic food chain;
therefore, they normally accumulate heavy metals from
food, water and sediments. Therefore, many international
monitoring programs have been established in order to assess the quality of fish for human consumption and to monitor the quality, and suitability as well as the health of the
aquatic ecosystem [2]. In the last few decades, the concentrations of heavy metals in fish have been extensively studied in different parts of the world [3-6]. In a study [7] on
* Corresponding author

metal bioaccumulation in Tilapia Zilli and Clarias Gariepinus, intestine was the tissue with the second highest metal
bioaccumulation after gills due to the mucus on the gills
which was nearly impossible to remove completely and
contained high metals levels [7]. It was found by Al-Najjar
et al. [8] that bones of Caesio varilineata and Caesio lunaris contain very low concentrations of Cu, Ni, Pb, Cd,
Zn and Fe, and a high concentration of Mg, which might
be related to the significance and importance of Mg in absorbance of Ca from blood to the bones.
Euthynnus affinis (common name kawakawa or
mackerel tuna) belong to the superclass Osteichthyes, class
Actinopterygii, Perciformes order and the family Scombridae. E. affinis may grow up to 1 meter in fork length and
about 13.5 Kg in weight [9]. E. affinis is considered as an
important commercial fish in Aqaba, as well as one of the
favorite meals for the locals. At ecological level the importance of E. affinis and other fish species comes from
their feces that form a natural fertilizer for the producers to
get nutrition from, thus signifying their rule in balancing
the ecosystems. For these reasons, studying and examining
the metals level in the organs of E. affinis and the effect of
other factors such as the body size on the bioaccumulation
of trace metals is very significant and important for the
monitoring and assessment of the ecosystem.
Several studies reveal a high susceptibility of the Gulf
of Aqaba to metal pollution. These studies stated that the
Gulf of Aqaba is surrounded mostly by dry desert lands,
thus, it has a great chance to get polluted with metals carried by air currents [10]. However, the aim of this study is
to establish background data and knowledge about the levels of some trace metals in the organs of the E. affinis fish,
which is an important commercial migratory fish, consumed by the locals during its seasonal period.
2. MATERIAL AND METHODS
2.1 Study Area

The Gulf of Aqaba is located at the east fork of the Red
Sea (Figure 1). Its coasts are shared by Jordan, Palestine,
Egypt and Saudi Arabia. The Gulf contains the only port

2995

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

for Jordan, Aqaba port, which the Gulf is named after. The
Gulf biodiversity is unique, and some species are endemic
to the area. It gained a high and unique biodiversity due to
its semi enclosed nature, which also makes it more susceptible to pollution with these metals. After the year 2000,
Aqaba was declared as a special economic zone. The
chance for a pollution to occur has increased in the Jordanian sector of the Gulf of Aqaba, especially the chance for
a metal pollution due to the developments that were made
along the coastline of the Gulf, represented by the projects
that were carried out in different activities such as industry
and tourism [3, 5].

furnace at 450 °C for 8 hours. The ash was digested using
wet digestion method. Wet digestion method was carried
out using 10 ml diluted Hydrochloric acid (2X prepared
from stock of 12X HCl), the Teflon beakers containing the
samples were heated on a hot plate under the fume hood
until the solution started to boil. Samples solutions were
filtered using Whatman No. 2 filter paper. Teflon beakers
were then washed with small amounts of distilled water
and the washed water was collected and filtered using the
same filter paper and then added to the samples. This process was repeated until the total volume of the samples
reached 25 ml. Finally filtered solution were transferred to
plastic bottles and stored at room temperature to be analyzed for metals concentrations. Blanks were prepared for
each metal using the same method but without a sample
(only heated the 10 ml HCl on the hot plate until it starts to
boil, then filtered using the same method) [11]. The final
concentration of trace metals in each sample was measured
using Analytikjena Flame Atomic Absorption Spectrophotometer novAA 400, available at the Marine Science Station.
2.3 Statistical analysis

All statistical analysis was carried out using Minitab
(developed by researchers from the Pennsylvania State
University). The concentrations of trace metals among different organs were compared with weights. Analysis of
Variance (ANOVA) was performed to compare the means
between different organs. Regression test was used to verify if a relationship between the weight and the Metals levels in the organs exist.
3. RESULTS

FIGURE 1 - Gulf of Aqaba, with its semi-enclosed nature.
2.2 Samples collection and preparations

3.1 Metal concentrations among the different organs

Forty fish sample were collected for this study [11] .
Fresh samples were bought from the local fishermen at the
miniport in Aqaba. The collected fish were placed in clean
plastic bags and transferred to the laboratory at the Marine
Science Station for further study and analysis were performed according to the procedures recommended by Abu
Hilal and Ismail [3]. Each fish was washed by distilled water, to get rid of any remnants of trace metals on the outer
surface of the fish. For each fish sample, morphometric
data including weight and length were recorded, the fork
length ranges from 66.5 to 45 cm wear as the weight ranges
from 3907 to 943 g. Then samples were dissected using a
stainless steel knife. Samples of each of the following organs were taken: liver, heart, spleen, muscle, kidney, gills,
gonads and stomach. The organs were placed in glass Petri
dishes, before they were placed into an oven at 85 oC for
24 hours to obtain dry samples. Dry samples were grinded
using a mechanical homogenizer, and stored in plastic bags
for storage at room temperature until further use [11].
About 0.1 mg of dry weight of each sampled organ was
placed in a crucible and dry ashedusing Carbolite muffle

Figure 2 shows mean concentrations of magnesium in
all sampled organs ± standard deviations. The clear differences shown by Figure 2 were found to be significant (P
Value = 0.000, R-Sq = 79.33%). Gills were found to be the
major site of magnesium bioaccumulation, with mean of
1.8366 g/Kg, Tukey’s pairwise comparison test showed
that the liver is the second bioaccumulation site for magnesium, with mean concentration of 1.2989 g/Kg, followed
by gonads, muscle, stomach and the spleen, with means
concentrations of 1.1107, 1.0569, 1.0484 and 1.0484 g/Kg
respectively, and no significant differences between them,
and both the kidney (0.8483 g/Kg) and the heart (0.7747 g/
Kg) had the least concentrations of magnesium per dry
weight.
The variation of nickel levels that was resulted from
the tissue type (different organ) was found to be weak (RSq = 6.01%), however it is statistically significant (P value
= 0.015). Tukey’s test could not detect any significant differences between the organs. Because ANOVA rejected
the H0, it is safe to use fisher test to do the pairwise comparison. Fisher test showed that nickel had three major sites
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FIGURE 2 - Magnesium concentrations in E. affinis fish organs (± SD).

FIGURE 3 - Nickel and chromium levels in E. affinis fish organs (± SD).

for bioaccumulation with no significant differences between them, spleen, kidney and the gonads, in order (Figure 3).
Chromium levels were found to be significantly differ
from one organ to the other (P Value = 0.008, R-Sq =
7.57%), with the highest level in gills, with a mean of
0.039468 g/Kg. However, Tukey’s test did not detect any
significant differences between the gills and the following
organs, stomach, spleen, heart and gonads (Figure 3).
Manganese was found to accumulate in the gills in a
very large amounts (0.01392 g/Kg) (P Value = 0.000, R-Sq
= 27.83%) compared to the other organs, that had no significant differences between the levels of manganese bioaccumulation in them. (Figure 4).

For cadmium results, even though the P value for the
ANOVA were significant at confidence level 95% (P
Value = 0.022, R-Sq = 5.21%), Tukey’s test did not report
any of the organs levels as significantly different from the
others, again fisher was used since H0 was rejected by
ANOVA. Fisher test showed that cadmium readings were
the highest in the gills too (0.006412 g/Kg), followed by
the liver with mean concentration of 0.006282 g/Kg, then
the rest of organs (Figure 4).
Cobalt had similar results to manganese, H0 rejected (P
Value = 0.000, R-Sq = 13.14%), gills had the highest levels, with mean of 0.012218 g/Kg, and all the rest of the
organs had no significant differences between the level of
cobalt accumulation in them (Figure 4).
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FIGURE 4 - Manganese, Cadmium, Cobalt and Copper concentrations in E. affinis fish organs (± SD).

TABLE 1 - Regression results for Sample total length in (cm) VS the levels of metals in all eight in (g/kg) in E. affinis fish organs.
Metal/organ
Liver
Heart
Spleen
Muscle
Mn
Kidney
Gills
Gonads
Stomach
Liver
Heart
Spleen
Muscle
Mg
Kidney
Gills
Gonads
Stomach
Liver
Heart
Spleen
Muscle
Ni
Kidney
Gills
Gonads
Stomach
Liver
Heart
Spleen
Muscle
Cr
Kidney
Gills
Gonads
Stomach

P
0.455
0.304
0.184
0.078
0.612
0.443

R-Sq
1.8%
3.9%
6.0%
10.0%
0.9%
1.6%

PCF
-0.135
-0.198
-0.245
-0.316
-0.097
-0.126

0.041*
0.245
0.573
0.075

13.1%
4.8%
0.9%
9.0%

-0.362
-0.219
0.094
-0.301

0.003*
0.153

20.8%
5.8%

-0.457
-0.240

0.007*
0.320
0.016
0.069
0.916
0.956
0.628
0.395
0.839
0.698
0.680
0.928
0.442
0.447
0.739
0.682
0.839
0.805
0.958
0.476

19.9%
2.8%
15.6%
8.9%
0.0%
0.0%
0.8%
2.0%
0.1%
0.4%
0.6%
0.0%
2.0%
2.1%
0.4%
0.6%
0.1%
0.2%
0.0%
1.8%

-0.446
-0.168
-0.395
-0.299
-0.017
-0.010
0.091
-0.140
0.038
-0.063
0.077
-0.015
0.141
0.144
0.061
0.682
0.038
-0.046
0.010
0.133

Metal/organ
Liver
Heart
Spleen
Muscle
Cd
Kidney
Gills
Gonads
Stomach
Liver
Heart
Spleen
Muscle
Co
Kidney
Gills
Gonads
Stomach
Liver
Heart
Spleen
Muscle
Cu
Kidney
Gills
Gonads
Stomach

P
0.822
0.475
0.442
0.224
0.846
0.406
0.985
0.419
0.536
0.928
0.646
0.463
0.896
0.085
0.806
0.937
0.373
0.177

R-Sq
0.1%
1.5%
1.6%
4.0%
0.1%
1.9%
0.0%
1.7%
1.1%
0.0%
0.6%
1.6%
0.0%
8.0%
0.2%
0.0%
2.9%
5.6%

PCF
-0.037
-0.121
-0.127
-0.199
0.032
-0.137
-0.003
-0.131
-0.105
0.015
-0.079
-0.128
0.022
0.283
-0.042
-0.013
-0.172
-0.237

0.006*
0.537
0.740
0.785
0.259
0.188

24.9%
1.4%
0.3%
0.2%
3.7%
4.6%

-0.499
-0.119
-0.056
0.044
-0.193
-0.215

P: P Value, R-Sq: R Square, PCF: Person’s correlation factor.
* P Value with * next to them are significant at confidence level = 95%
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Copper levels were found to be statistically different
from one organ to another (P Value = 0.000, R-Sq =
54.89%). Unlike most metals, the heart had the highest
level of copper accumulation (0.01586 g/Kg), even significantly higher than the copper level in the gills (0.006425
g/Kg), which was second in order after the heart. The liver
had slightly lower levels than the gills (0.005400 g/Kg) and
no significant difference between them was detected. The
rest of the organs had no significant differences between
them as reported by Tukey’s test (Figure 4).
3.2 Effect of fish length on the metals concentration

Table 1 summarize all the results for the regressions
tests for all the seven metals, fish length had no effect on
most of the levels. All levels that were affected by the fish
length had a negative relationship with it. R-Sqs were generally found to be low, even for the levels that show a significant association with the fish length. The strength of the
negative relationship between the length and the levels of
metals varied from weak to medium.
4. DISCUSSION
Magnesium readings were the highest among the selected metals, similar results for magnesium were obtained
by [8], as it is the case in most fishes, and that is due to its
large abundance in the sea water, which allows for a larger
level of bioaccumulation inside the fish organs, either
through respiration or as a result of biomagnification effect
from the food chains.
The high bioaccumulation level of Mn in the gills is
related to the important role of Mn in the development and
growth of the connective tissue as previously mentioned
[12]. Thus it is expected that the bones in the gills will have
plenty of Mn supply, this results also in consistent with the
findings of Al-Najjar et al. [8] and Nussey et al. [13]. Similarly, the high bioaccumulation of Mg in the gills could be
explained according to the role of Mg in the development
of healthy connective tissues, in addition to the fact that
bone surface acts as storage place for about 60% of total
body Mg.
Higher bioaccumulation of Cr, Cd and Co in the gills
compared to the other organs is probably only due to the
fact the gills is the most exposed organ with and in direct
contact with the environment which allows for faster unregulated uptake of the metals from the environment. This
reason may also contribute to the high readings for Mn and
Mg too. Nussey et al. [13] reported similar results for Cr in
the gills of Labeo umbratus. For Cd Al-Najjar et al. [8],
found different results were the Cd levels were the lowest
in the gills of D. macarosoma and D.macarellus, and second lowest after the muscles in D.russelli. This might indicate that E. affinis gets most of the Cd through respiration
while these three Decapterus species get the most from
food sources. Liver had the highest level of Mg, and that
could be related to the role that Mg plays in the detoxifica-

tion reactions in the liver, as a cofactor for enzymes that
catalyze phase II detoxification reactions [14].
Ni had three major bioaccumulation sites in E. affinis,
spleen, kidney and the gonads. It’s accumulation in the
spleen could be explained by a very recent finding, in
which a binding site for the Nickel was found in the hemoglobin. Nickel bioaccumulation in the gonads in large
amounts might affect the gonads function [15]. It was noticed that nickel reduces the number of the sperms in rats,
or in a positive way as a necessary nutrient for a healthy
reproduction. Nickel bioaccumulation in the kidneys
might be interpreted by the need for the Ultrafilterable Ni+2
binding protein in the kidney to eliminate the excess Ni
from the blood [16]. This result is not similar to what AlNajjar et al. [8] and Nussey et al. [13] have found. In their
studies the gills had the highest level, except for the D. russelli, where Al-Najjar findings [8] point to the kidney as
major site of bioaccumulation.
In a review by Klevay [17], it was reported that copper
deficiency can affect the heart on different aspects, and not
just the heart but the whole cardiovascular system, the current study add one more reason to signify the copper role
in the heart health, since the bioaccumulation of copper in
the heart was shown to be very high even compared to the
gills which is the most expose organ to the environment,
and that should indicate how large and significant is the
role that the copper plays in keeping the heart muscle
healthy.
The fish length had no effect on most of the metals
concentrations, only Mg, Cu and Mn bioaccumulation levels in some organs were affected by the length of the fish.
All the associations between the length of the fish and the
level of the affected metals were negative, big fish samples
contained less metals concentrations per dry weight. The
negative relationship between the length and the metals
levels can be explained by the higher specific metabolic
rate for smaller organisms, which lead to faster respiration
rate and thus higher uptake rate for metals. The lack of a
significant relationship between the length and the Cr, Cd,
Co and Ni levels might be due to factors not under study,
errors or weak effect of the weight on their levels (low R
square). In agreement with our finding, Nussey et al. [13]
found similar result for these metals that affected by the
fish length were they got negative relationships between
the length and the metal concentration.
5. CONCLUSION
The high bioaccumulation for certain metal in an organ
can be due its function in that organ because binding proteins or enzymes with site for these metals to bind with.
This data point to how large is the bioaccumulation for the
metals in the E. affinis, which is expected since E. affinis
is located in the top layers of the food chain, thus, raising
the potential for them to be used as bioindicators, however,
there are few limitations that can affect their use, such as
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its large migration route, which eliminates the possibility
to be used as a bioindicator for the Gulf of Aqaba region or
any localized area, but this does not affect its chance to be
used as a global indicator for metals levels especially to
detect any changes which might accompany the persistence
issue of global warming.
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LONG-TERM REGULATING MECHANISMS OF
PHYTOPLANKTON BIOMASS IN A TRADITIONAL
SHELLFISH AQUACULTURE AREA
Sanda Skejić1,*, Ivica Vilibić1, Slavica Matijević1, Slaven Jozić1,
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ABSTRACT

1. INTRODUCTION

Using 14 years of environmental data, we investigated
distribution of thermohaline properties and phytoplankton
biomass in Mali Ston Bay, which is the major shellfish
farming area on the eastern Adriatic coast. Sampling was
conducted biweekly during summer and monthly during
the rest of the year throughout period 1999–2012. Due to
strong river inflow and many submarine springs, continuous thermohaline stratification was recorded throughout
the entire investigated period. The salinity effect on stratification was more pronounced compared to temperature effect which was mostly expressed in summer. Phytoplankton biomass increased throughout the period 1999–2012,
while a negative trend in salinity was observed for the surface layer. Seasonal biomass pattern showed two biomass
peaks: the first in late winter/early spring and the second
(less pronounced) in the autumn. Regarding phytoplankton
size fraction; such as microplankton and nanoplankton,
each component was equally represented in all seasons.
Despite continuous enrichment from the Neretva River and
underwater springs, lack of significant correlation between
phytoplankton biomass and nutrients indicate that nutrients
are quickly utilized by phytoplankton and transferred further into food web. Water column was well oxygenized
throughout investigated period having high transparency
and high diversity of phytoplankton taxa.
According to all investigated parameters, and the fact
that Mali Ston Bay is naturally productive area, and also
aquaculture area, it is hypothesized whether this area could
be considered as oligotrophic environment or not.

KEYWORDS: long term analysis, phytoplankton biomass, thermohaline properties, trophic status, Mali Ston Bay, Adriatic Sea
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Area of Mali Ston Bay is the most important shellfish
farming area in Croatia, having long tradition dating back
to 16th century [1]. With the aim to protect the traditional
way of oysters and mussels farming it was declared as a
special Marine Reserve [2].
Measurement of chlorophyll-a (Chl-a) for estimating
phytoplankton biomass is probably the most frequently
measured biochemical parameter in oceanography. It is a
standard in-situ procedure of assessment and comparability
for coastal and transitional waters according to the Water
Framework Directive [3] and Marine Strategy Framework
Directive [4]. Satellite imagery widely used in measuring
Chl-a in the ocean [5, 6] is no precise operational system
for measuring Chl-a in shallow water environments because of interference with reflectance signal from dissolved coloured substances, suspended sediments and bottom reflectance [7,8]. Therefore, studies of phytoplankton
biomass in shallow coastal ecosystems, such as Mali Ston
Bay, are based largely on direct measurements of Chl-a [9].
Chl-a distribution is greatly affected by the hydrological
conditions; either in open oceans circulation controlled by
upwelling or downwelling processes [10, 11] open waters of
regional seas [12 - 14] and shallow coastal areas [15, 16].
Hydrographic conditions in the Mali Ston Bay are influenced by the general circulation along the eastern Adriatic coast [17 - 19] by position of the mouth of the Neretva
River in the outer part of the bay and by several submarine
springs to the inner part of the bay. The limestone of the
surrounding land is very permeable, allowing water circulation also to takes place through underground connections
of swallow holes [20]. Mali Ston is influenced also by
winds blowing from two directions (along the bay axis) inducing wind-driven exchange of water masses the connecting passages to the neighbouring area [21]. The phase-lag
between surface and bottom current velocity is 180° [20,
22] indicating two-layer dynamics.
In this study, phytoplankton biomass was investigated
over a fourteen years period (1999–2012) applying uniform
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fluorometric methodology for the first time on longer than
decadal scale (i) for estimating multiannual phytoplankton
biomass variability and the extent of seasonal change, also
(ii) to detect relationship between salinity gradient and Chla variability in the Bay. As chlorophyll can be studied as
an indicator of water quality condition [23], the objective
was also to (iii) determine Chl-a concentration as an measure of estimating trophic status of the area, to be taken into
consideration for future aquaculture management.

respectively (Figure 1) during the period 1999–2012 (N of
samples = 1248). Sampling was performed monthly, while
biweekly sampling was conducted during the summer
months (July, August and September). Following records
of previous studies obtained in this area that have reported
position of halocline below 6m depth [22, 24], the samples
for this study were taken at two depths; at the surface (0m)
and bottom; which is below the halocline for all investigated stations (7–12 m).
2.2.1 Thermohaline properties

2. MATERIALS AND METHODS

Temperature and salinity were measured with YSI 63
probe at surface and bottom, having accuracy of ±0.2 oC in
temperature and ±0.03 in salinity (N = 1248).

2.1. Study area

Mali Ston Bay is situated between the Pelješac peninsula and the mainland on the south-eastern Adriatic coast
(Figure 1). The Bay expands to the northwest and connects
with the Neretva River channel which is linked to the open
sea. The Bay is 28 km long with a maximum width of
6.1 km and its total length of coastline of about 100 km.
The maximum depth is 29 m, but more than 80 % of the
bay depth is between 20 m and 29 m. It is important to emphasise that the majority of bivalve cultivation takes place
in the shallow areas of the inner part of the bay where most
of the water column does not exceed 12 m in depth.

2.2.2 Phytoplankton biomass

Phytoplankton biomass was estimated by measuring
the concentration of Chl-a in phytoplankton cells, determined from 500 mL sub-samples, filtered through Whatman GF/F glass-fibre filters. These were homogenised and
extracted in 90% acetone for 2 h in the dark at room temperature [25]. Samples were analysed by means of a Laboratory Fluorometer Turner TD-700 calibrated with pure
Chl-a (Sigma).

2.2. Sampling methods and analysis

2.2.3 Oxygen saturation, nutrients and phytoplankton abundance and trix index

Sampling of the investigated parameters (temperature,
salinity, oxygen and Chl-a concentrations) from the water
column were conducted through the framework of National
Monitoring Program of Shellfish Farms at four stations:
P1, P2, P3 and P4 with depths of 8 m, 12 m, 10 m and 7 m,

Dissolved oxygen was determined by Winkler titration
and oxygen saturation was calculated from the solubility of
oxygen in seawater as a function of the corresponding temperature and salinity [26, 27] (N of analysed samples =
1132).

FIGURE 1 - Map of the study area showing the position of the sampling stations.
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At station P2, additional nutrient analyses were performed seasonally as well as for analysis of phytoplankton
population structure through period 1998-2010. Nutrients
in the seawater: total inorganic nitrogen (TIN), orthophosphates (HPO42-), nitrates (NO3−), nitrites (NO2−), ammonia
(NH4+), and orthosilicates (SiO44−) were analyzed on Autoanalyzer III Seal Analytical, according to modified methods by Grasshof [28] (N=288).

2.2.4 Hydrological properties

Chlorophyll a as a parameter is included in the calculation of TRIX index [29,30] and is therefore indicative of
characterization of the trophic status of coastal areas. This
index help synthesize key environmental variables into a
simple numeric expression to make information comparable over a wide range of trophic situations. TRIX index was
used for determination of the trophic status of P2 site according to Giovanardi and Vollenweider [30] calculation.

Data analyses were performed in program Statistica 7.0
package (StatSoft Inc., 2004) and GraphPad Prism 6 (2012).
Spearman rank correlations were performed (p<0.05).

3.1. Temporal distribution of Neretva river flow

The phytoplankton population structure (microplankton and nanoplankton) was analysed seasonally in all samples collected at two depths (surface and bottom). Samples
were immediately preserved in 0.4% glutaraldehyde-seawater solution and the subsamples (25 mL) were settled
overnight in sedimentation chambers. Cell counting was
performed using the inverted microscope (Olympus IX 51)
following the Utermöhl sedimentation method [31], at
magnifications of 200x and 400x.

The range of annual average inflow of the river
Neretva through investigated period 1999 –2012 was from
150 m3s-1 to 374 m3s-1 (Figure 2A). Seasonal variation
throughout 14 year period showed the highest average
discharges occurring in spring period (April; average inflow
370 m3s-1) and winter (December; average inflow 370 m3s-1).
The minimum average flow through this period was recorded in the summer months, especially in August; 77 m3s-1
(Figure 2B).

Data for the monthly discharges of Neretva River at
Žitomislići station (located ca. 40 km upstream from the
river mouth) from 1999 to 2012 used in the study were provided by the Adriatic Sea River Basin District Agency
(Mostar, Bosnia and Hercegovina).
2.3. Data analysis

3. RESULTS

FIGURE 2 (A) - Annual means of Neretva River discharges (m3 s-1) from 1999-2012 and (B) seasonal course of monthly means during 19992012 period.
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The lowest flow rate was recorded in 2003, which was an
exceptionally dry year (http://klima.hr/ ocjene_arhiva_e.php),
while significant increase in discharge was recorded by the
end of 2010. Increase was mostly contributed by the distinctive flooding of Neretva in December of the same year
when average monthly flow in December exhibited values
of 837 m3s-1, which is more than two fold higher than average for that month (Figure 2A) .
3.2. Thermohaline properties
3.2.1 Interannual changes

Interannual changes in temperature at surface and bottom layer (Figure 3A and 3B) were considerable and altered the annual mean of temperature by almost 4oC. At
surface, highest average annual temperatures were measured in 2007 and 2009, while the lowest were in 2011
(16oC). Annual temperature means possessed similar values in the surface and bottom layers, with no significant
differences on average through water column.
Decrease in annual surface salinity was noticed in
2004 (33.0) and was especially pronounced in 2009, when
the minimum annual salinity of 28.0 was recorded at P3
station (Figure 3A). At bottom layer, annual salinity was
usually from 2.0 to 6.0 higher than at surface. Only the bottom salinity at P4 station was lower in comparison to other
stations indicating less stratified conditions at the top of the
bay (Figure 3B and 3C). Interannual changes in temperature and salinity were much larger than the changes between investigated stations within the bay.

3.2.2 Seasonal variations

Seasonal variations in temperature and salinity within
investigated period are shown in Figure 4. Average surface
temperature ranged from 9–10oC during January and February to 25oC in July and August (Figure 4A). Temperature
variations were weaker in bottom layer (Figure 4B). Temperature gradient occurring throughout the investigated period exhibiting bottom temperature values 2–4oC higher
than surface temperatures during the winter months. In
contrast to that, temperatures of bottom layer were 2–3oC
lower during summer months.
Considering seasonal thermohaline distribution,
monthly variations in salinity were less pronounced than
the temperature variations, but salinity gradient between
layers was constantly present (Figure 4C). At surface, maximum of average monthly salinity value was 36.0 recorded
in September, while minimum of average monthly value
was 32.0, recorded in January and March. Average salinity
in bottom layer exhibited minimum in May (36.0), while
maximum of 38.0 was recorded in November.
Relationship between inflow of Neretva River and
thermohaline properties showed negative correlation of inflow with average monthly temperature (from correlation
coefficient r=-0.66 to r=-0.68 depending on station;
p<0.05) and average salinity (r= -0.32 to r=-0.59; p<0.05)
indicating expected decrease of temperature and salinity
with river inflow increase. Also, there is a positive, but
weak correlation between inflow and Chl-a at all stations
(r=0.12 to r=0.29; p<0.05).

FIGURE 3 - Annual means of temperature (T) and salinity (S) of water column measured (A) at the surface, (B) bottom layer and (C) difference
in values between layers ΔT and ΔS from 1999-2012.
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FIGURE 4 - Monthly means of temperature (T) and salinity (S) measured (A) at the surface and (B) bottom layer and (C) difference in values
between layers ΔT and ΔS from 1999-2012.

FIGURE 5 - Annual means of Chl-a concentration (µg L-1) for (A) surface layer, (B) bottom layer and (C) average annual values for both layers
throughout the period 1999-2012.

3.3. Phytoplankton biomass

Interannual variations in Chl-a showed moderate increases in 2006 while extremely high Chl-a concentration
were recorded in 2011 (Figure 5).
Throughout the period 1999–2012, the annual mean
Chl-a concentration for the investigated area showed a positive trend significant at 95% level, which was evident in
both, surface and bottom layers. Due to the fact that all the
stations show the same increasing trend (ranging from r=
0.28 to r=0.35 for the surface (Figure 6A) and form r=0.22
to r=0.53 for bottom layer (Figure 6B), depending on station at p<0.05), for simplifying the plot, only one station
(P2) was selected to be displayed on the graph (Figure 6A,
6B).

Regarding differences in Chl-a distribution between
layers, bottom Chl-a concentration showed conspicuous alterations at all stations in comparison to surface layer (Figure 7A and 7B).
Although the highest winter-spring mean is strongly influenced by the extreme Chl-a value in February 2011, values
are in general higher in late winter/ early spring months,
and similar distributions of monthly means is obtained
even when 2011 is removed from the analysis. So, the prevailing pattern demonstrated the occurrence of two biomass peaks the first occurring in late winter/early spring
and the second (less pronounced) in the autumn (Figure 7C).
At P1 station, the biomass peak reaching 11 µg L-1, in the
bottom layer, represent the outliner and the largest Chl-a
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value ever recorded in the Bay (according to the known literature). Overall picture of chlorophyll concentrations in the
Bay exhibited lower surface chlorophyll values in comparison to deeper layer. Although the frequency distribution of
all 1 248 chlorophyll samples from the entire investigated
period indicated large range of Chl-a values from 0.01 µg L-1

to 11 µg L-1, the majority of the values of analysed samples
were very low, varied between 0.2 and 0.4 µg L-1 (429 samples or 34%), while 22% samples were in the range 0.40.6 µg
L-1 and 18% of values were lower than 0.02 µg L-1 (230 samples) (Figure 8). There were only 16 extremely high values
(>2.2 µg L-1) which constituted 1% of all samples.

FIGURE 6 - Time series of Chl-a concentration (µg L-1) with linear regression and 0.95 confidence limits, correlation coefficient and variance
for station P2 (A) in the surface and (B) bottom layer throughout the period 1999-2012, presented at log-lin graph.

FIGURE 7 - Monthly means of Chl-a concentration (µg L-1) for (A) surface layer, (B) bottom layer and (C) average monthly values for both
layers throughout the period 1999-2012.
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FIGURE 8 - Frequency distribution of all Chl-a values (N = 1248) throughout the study period 1999–2012.

Variability among all investigated stations (P1, P2, P3
and P4) based on the entire Chl-a matrix was not strongly
expressed in mean values (annual or monthly).
3.4. Oxygen saturation

On the basis of 1132 samples taken throughout entire
investigated period, we could ascertain that water column
in Mali Ston Bay was well saturated with oxygen.
According to EU Official Journal, Directive 2006/113/
EC [32] conditions of oxygen saturation below which the
shellfish are not allowed to breed are regulated. Thus, oxygen saturation in water column below 60% is considered
to be harmful for cultivated shellfish. In this study, throughout the entire investigated period; neither anoxic nor hypoxic conditions were recorded. Majority of values; more
than 900 samples exhibited range between 80-120% of saturated oxygen. Less than 10% of the samples showed saturation either in range of 60-80% or above 120%.

3.5. Nutrients and phytoplankton abundance

Seasonal distribution of investigated nutrients (TIN,
NO3-, NO2-, SiO4 4-) show generally higher concentrations
during winter months, except for orthophosphate (HPO42-)
whose concentration was continuous and low throughout
whole research period (Table 1). Ammonium ion (NH4+)
displayed higher values during summer and spring and autumn.
Silicate concentrations (SiO44-) were higher in the surface layer, as well as nitrates (NO3-), while nitrites (NO2-)
and ammonia concentrations (NH4+) were higher in the
bottom layer. For orthophosphate slightly higher concentrations were determinate in the bottom layer in all seasons
(Table 1).
Portions of dissolved nitrogen species indicate prevalence of ammonia in the total inorganic nitrogen (NH4+/
TIN 51%).

TABLE 1 - Seasonal average ±SD of nutrients: nitrates NO3 - (µmol L-1), nitrites NO2- (µmol L-1), ammonia NH4+(µmol L-1), orthophosphates
HPO42- (µmol L-1) and orthosilicate SiO44- (µmol L-1) for the surface and bottom layer throughout investigated period.

NO3- [µ mol L-1]
surface
bottom
NO2- [µ mol L-1]
surface
bottom
NH4+ [µ mol L-1]
surface
bottom
TIN [µ mol L-1]
surface
bottom
HPO42- [µ mol L-1]
surface
bottom
SiO44- [µ mol L-1]
surface
bottom

Summer
Mean±SD

Autumn
Mean±SD

Winter
Mean±SD

Spring
Mean±SD

0.74±0.91
0.60±0.78

1.29±1.33
0.83±0.73

3.14±2.33
2.02±1.25

1.04±1.07
0.64±1.14

0.11±0.15
0.07±0.06

0.11±0.12
0.15±0.21

0.37±0.27
0.45±0.24

0.10±0.14
0.11±0.23

1.18±1.32
1.39±1.50

1.33±1.39
1.28±1.30

0.99±0.61
1.05±1.05

0.96±0.75
1.20±1.02

2.03±2.29
2.05±1.82

2.73±2.17
2.26±1.56

4.24±2.72
3.37±1.73

2.10±1.62
1.95±1.42

0.06±0.03
0.07±0.03

0.06±0.05
0.07±0.05

0.05±0.02
0.05±0.02

0.05±0.03
0.06±0.02

3.25±2.03
5.37±2.35

4.50±4.43
4.48±2.86

5.07±2.63
4.86±3.80

3.00±1.81
2.11±1.37
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Spearman rank correlations among Chl-a and investigated abiotic parameters in the water column were performed and no statistically significant correlations were
obtained (p<0.05).
Values of TRIX index (Figure 9) demonstrate calculated values in range from 1.7 to maximal 4.7. In general,
values were similar throughout all seasons exhibiting majority of the values form below 4. Considering TRIX distribution throughout 14 years, oligotrophic status of the
area could be determinate (Figure 9).
Regarding phytoplankton size fraction, nanoplankton
was equally represented as microphytoplankton (diatoms
and dinoflagellates) throughout investigated period in all
seasons. Diatoms were prevailing in the microphytoplankton size fractions group. Percentage of dinoflagellates was
lower than 10% in total phytoplankton abundance. By
comparing two investigated layers it could be noticed that
the average abundance of all phytoplankton size fractions
were higher in the bottom layer (Figure 10).
Contribution of diatoms to total phytoplankton abundance is not consistent through investigated period.

FIGURE 9 - Box whiskers plots of seasonal distribution of calculated
TRIX index at station P2.

FIGURE 10 - Seasonal abundance distribution of dominant phytoplankton groups (A) at the surface and (B) at bottom layer from 1998-2010.
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In general, average contribution of diatoms in average
total abundance of phytoplankton was higher in spring
(51%) and winter months (76%), while in other seasons nanoplankton component dominated.
The qualitative analysis of phytoplankton composition
revealed 122 taxa, while most diverse group was diatoms.
The most abundant species were from the genus Chaetoceros contributing to the seasonal spring-autumn increase of
this group. Overall general, chain forming diatoms were
dominant morphological type among diatoms throughout
the investigated period. Some of toxic phytoplankton species have
been occurred during investigated period, mostly of genera Dinophysis.

4. DISCUSSION
Phytoplankton biomass, as an indicator of the food capacity in an area, is of great importance in aquaculture
where cultivated species occur at higher densities than in
natural populations [33]. Phytoplankton is the major component of the shellfish diet [34 - 36], although it also includes organic detritus, inorganic particles, bacteria and
zooplankton [33, 37, 38].
Previous environmental research in Mali Ston Bay
largely utilized different methods for estimating phytoplankton biomass which were restricted spatially and temporally [20, 35, 39 - 44].
In this study, uniform fluorometric methodology is applied for the first time on longer than decadal scale, for estimating multiannual phytoplankton biomass variability
and the extent of seasonal change.
To understand variability of chlorophyll distribution in
the investigated area it was necessary to take into account
the influence of hydrological conditions. Although geographic position of Mali Ston is not example of the estuary,
in this area estuarine circulation is formed. Characteristic of
estuarine circulation pattern is that surface inflow of fresh
water mixes with salty seawater forming a pronounced halocline (pycnocline). Because of that estuaries are considered
as sinks for dissolved inorganic nitrogen and phosphorus
[45]. They typically 'filter' nutrients before they reach coastal
waters [45, 46]. When flow exceeds the system's filtering capacity, higher nutrient loads are delivered to the adjacent
coastal zone [10, 11, 14, 15, 35, 40]. Regarding phytoplankton in estuaries, it often accumulates at the halocline having
adequate light conditions, nutrients availability and slower
river flow enabling them to accumulate.
In our study, water of Neretva River inflow is influencing the biota in the Bay, not only by the fresh water
spreading into the Bay in the surface layer, but also due to
permeable limestone coming across underwater channels
and holes. A positive interannual trend of phytoplankton
biomass in the period 1999–2012 was accompanied by a
negative trend of salinity in the surface layer. In coastal
marine ecosystems, lower salinity usually implies a stronger
freshwater inflow [47], more terrigenous material and therefore more nutrients for biomass proliferation [24, 48].

The mean annual discharges of the river Neretva in the
study period were similar to the previous studies [49]. Distinctive flooding of river Neretva in December of the 2010
greatly affected the interannual distribution of thermohaline properties in the Bay and consequently the biomass
distribution. Seasonal distribution of Neretva discharges,
with maximum runoff in spring (April) and winter (December) coincides with previous investigation [50 - 53].
Throughout the investigated period river discharge
lowered surface salinity and enriched the Bay with NO3and SiO44-, especially during winter months, while HPO4 2concentrations were very low and uniform, suggesting that
it was limiting nutrient for phytoplankton growth in the
area [54, 55].
Regarding thermohaline properties, our results suggested that freshwater inflow acts simultaneously on the
entire highly indented Bay rather than on some of its parts.
That is due to inconsiderable thermohaline changes among
stations in comparison to interannual variability. Consequently, permanent thermohaline stratification throughout the entire investigated period was present in the Bay.
Temperature gradient was present during summer months
and is usually observed as two-layered stratification pattern
common for the eastern Adriatic [17], but stratification is
particularly noticeable in the salinity distribution, which is
agreeable with Vučak et al. [22] and Viličić et al. [20,24].
The excessive accumulation of phytoplankton biomass
is noted in the bottom layer compared to the surface layer,
especially when the flow of Neretva River is stronger. Plankton accumulates easier beneath the surface in this study due
to low depth of investigated area, high transparency and
good light irradiance, that enabling favourable conditions for
phytoplankton proliferations. It has been shown that surface
and bottom values of chlorophyll values correlate. This indicates the adequate availability of the nutrients in the bottom layer, even when the water column is stratified, presumably enriched with nutrients from submarine freshwater inflow. These results are in accordance with previous
research [35, 43].
In contrast to globally dominant unimodal pattern [8],
bimodal biomass pattern is predominant in temperate seas,
having maxima mostly during spring and autumn [56, 57].
Although chlorophyll data based on specific site might be
highly diverse in the Adriatic Sea [53, 58 - 61], the occurrence of two biomass maxima is still generally accepted
[62-65].
Despite its specific hydrological features, Mali Ston
Bay exhibited similar seasonal biomass bimodal pattern as
other Adriatic coastal bays. In Mali Ston it is characterized
by late winter/early spring peak and less pronounced autumn peak. The exception is station P4, which is placed
deeply in the Bay and therefore presumably less influenced
by the variant inflow from the Neretva River, but continuously receiving fresh water from underwater springs.
We assume that unusual peak of biomass observed in
February 2011, was a consequence of Neretva river flood
that occurred two months earlier, especially pronounced at
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station P1. Sufficient amount of nutrients was circulating
through the Bay till phytoplankton obtained optimal conditions of light (longer daytime) and higher temperature for
proliferation.
It has been previously documented that microplankton
biomass and nanoplankton biomass are correlated throughout the year in the Bay [35, 43]. This suggests that general
increase in biomass indicates greater food availability for
filtrators in the food web, irrespective of which phytoplankton size fraction they primarily use. Throughout this
research nanoplankton component of phytoplankton was
equally represented as microphytoplankton in all seasons.
This is inconsistent with the findings of Marasović &
Pucher Petković [39] and Viličić et al. [24] who claimed
that production in the Bay is carried by microphytoplankton. They found correlation between microplankton component and high values of nitrogen species and phosphate
species. The correlation was not found for nanoplankton
component. As opposed to them, in the studies of Viličić
[40], Viličić et al. [35] and Jasprica and Carić [66] dominance of nanoplankton size fraction was established in the
phytoplankton community.
Diatoms dominated within large size fractions group
especially in winter months [42, 67]. By comparing two investigated layers, the average phytoplankton abundance
values were higher in the bottom layer which is in accordance with higher phytoplankton biomass recorded. This is
agreeable with the findings of Viličić [20] and Čalić et al.
[52]. Although toxic dinoflagellate species occurred during
investigated period, in comparison to other shellfish
coastal Adriatic regions, they occur rarely and in low abundances [68 - 70].
4.1. Chlorophyll a as an indicator of trophic status

Chlorophyll a, as a parameter, is included in the calculation of TRIX value [30], and therefore is indicative of
characterization of the trophic status of coastal areas.
Ranges of depicted trophic classes used for Adriatic coastal
waters (available at www.izor.hr/azo) illustrate the oligotrophic status of Mali Ston Bay. This oligotrophic status is
supported by the fact that the majority of analysed samples
of Chl-a in this study exhibited low values when compared
to other coastal Adriatic region [48, 61]. Measured chlorophyll extreme in February 2011 related to the Neretva river
flood was an exceptional situation. Also, this event did not
cause any negative effects on the biota in the Bay such as
occurrences of harmful algal blooms or oxygen deficiency.
Continuous enrichment from the Neretva River and underwater springs provide natural productivity of the area
which is evident in rich populations of wild fish [71], but
lack of significant correlation between phytoplankton biomass and nutrients mean that nutrients are quickly utilized
by phytoplankton and transferred further into food web.
Moreover, grazing pressure of zooplankton populations in
the area is found to be considerable [51]. It is hypothesized
that low values in biochemical parameters are the consequence of rapid "turn over" in the Bay [45, 52, 72].

Based on previous investigation of Viličić [40] and
Viličić et al. [24] Mali Ston Bay has been classified as a
moderately eutrophicated ecosystem, although the recent
study of Čalić et al. [52] classifies it as a low trophic environment.
In this study, low values of calculated TRIX index and
low frequency of phytoplankton blooms are supporting this
statement. Also, nutrient's concentrations showed values
lower than those previous reported, especially for phosphate
[40, 44]. Water column was well oxygenized [73] having
high transparency [74] and high diversity of phytoplankton
taxa. Variations and quantity of phytoplankton biomass are
well balanced with other food sources (zooplankton, shellfish larvae, bacterioplankton etc.) being sufficient to preserve the native biota in the Bay as well as to enable sustainability of aquaculture of oysters and mussels [33].
All these results enable us to support the assertion of
Čalić et al. [52] for classifying Mali Ston Bay as productive, but still an oligotrophic area.
Considering that the previous investigations from Mali
Ston Bay were mainly based on one-year studies, we consider this survey, emerging from 14 years data set, demonstrated extensive variability of hydrological and biological
features. This should be taken into consideration in future
management implementation for this particular, still unpolluted area, in order to maintain its current trophic status.

5. CONCLUSIONS
In this study, uniform fluorometric methodology is applied for the first time on longer than decadal scale, for estimating multiannual phytoplankton biomass variability
and the extent of seasonal change.
The permanent thermohaline stratification was constantly present in the Bay throughout the entire 14 year period, mainly due to salinity gradient between layers.
A positive interannual trend of phytoplankton biomass
in the period 1999–2012 was accompanied by a negative
trend of salinity in the surface layer.
The excessive accumulation of phytoplankton biomass
is noted in the bottom layer in comparison to the surface
layer, especially when the flow of Neretva River is stronger.
The great majority of analysed samples demonstrate
low Chl-a values in comparison to other Adriatic coastal
areas, but exhibited usual bimodal seasonal pattern characterized by late winter/early spring peak and less pronounced autumn peak.
Continuous enrichment from the Neretva River and
underwater springs provide natural productivity of the
area, however nutrients are quickly utilized by phytoplankton and transferred further into food web.
Considering all investigated parameter, low values of
nutrient, low phytoplankton biomass and phytoplankton
abundance, equally presented nanoplankton and micro-
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plankton size fraction, low values of TRIX index and good
oxygen saturation, one could conclude that this area, although continuously enriched by freshwater inflow still
could be considered as low trophic environment.
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RESPONSE OF SWEET CHERRY GRAFTED ON
DIFFERENT ROOTSTOCKS TO WATER STRESS
Cenk Küçükyumuk1,*, Halit Yildiz1, Hasan Cumhur Sarısu1, Emel Kaçal1 and Hakkı Koçal1
1

Fruit Research Station, 32500, Eğirdir, Isparta-Turkey

ABSTRACT
In recent years, cherry fields have been spreading out
throughout the county and rootstocks with different growth
characteristics have been utilized in new cherry fields.
Therefore, a need has emerged to determine the responses of
these new and current rootstocks to water stress. The present
study was conducted to determine the effects of different
levels of water stress on 0900 Ziraat cherry variety grafted
on Mazzard (Prunus avium L.) (K), Mahalep (Prunus mahalep L.) (M), Gisela 6 (Prunus cerasus x P. canescens)
(Gi), CAB 6 (CAB) and Maxma 14 (Max) rootstocks. Experiments were conducted at Fruit Research Station,
Eğirdir, Isparta-Turkey. The trees were planted into 50-liter pots filled with 1:2:1:0.5 sand:loam soil:peat:manure
mixture. During the experiments, four different drought
level were applied to all variety/rootstock combinations
(D1: Full irrigation; D2: 75% of full irrigation, mild stress;
D3: 50% of full irrigation, moderate stress; D4: 25% of full
irrigation, severe stress). The LWP values ranged from 2.23 to -4.62 MPa, and stomatal conductance values from
10.7 to 167.1 mmol m-2 s-1. While the highest decrease in
total chlorophyll content was determined in 0900/CAB, the
decrease in plant and root weight were highest in sweet
cherry trees grafted on CAB and Gi rootstocks. The responses of rootstocks to water stress varied depending on
water deficit rates. With regard to resistance to water stress,
the rootstocks were ranked as Mahalep (M), Mazzard (K),
Maxma 14 (Max), Gisela 6 (Gi) and CAB 6 (CAB).
KEYWORDS: Prunus avium, water stress, leaf water potential, stomatal conductance, chlorophyll

According to production data of the year 2012, Turkey
with 480.748 tons of annual production has the first place in
world cherry production [1]. In Turkey, 0900 Ziraat sweet
cherry variety grafted on mazzard (Prunus avium L.) and
mahalep (Prunus mahaleb L.) rootstocks is commonly
used in sweet cherry production [2-4]. However, in recent
years, the rootstocks like SL 64, Gisela 6, Piku species,
PHL species and Maxima 14 [4] have become popular because of their availability for high density planting [5].
Water is the most important factor in ensuring the commercial sustainability in cherry culture. Recently, in the
countries under the threat of drought such as Turkey, studies related to water stress have started to gain a momentum.
There is not a positive relation between the degree of
drought resistance of plants and their water needs. Also,
there is not a rule that the species and varieties that need
less water are more resistant to drought. The drought resistance of a plant is not only related to the area of root
system but also related to the growth and development rate,
the stem and leaf structure, the stomatal conductance and
the plant activity levels. However, plants cannot overcome
drought only by the root development and suction power
alterations resulting from the soil moisture conditions. The
organs over scion area of plants (trunk, shoot etc.) also play
an important role in providing drought resistance [6].
In this study, water stress response of 0900 Ziraat
cherry varieties grafted on mahalep (Prunus mahalep L.)
(M) and mazzard (Prunus avium L.) (K) seedling rootstocks and Gisela 6 (Prunus cerasus x P. canescens) (Gi),
CAB 6 CAB) and Maxma 14 (Max) clonal rootstocks were
investigated under different water stress levels.
2. MATERIALS AND METHODS

1. INTRODUCTION

2.1 Experimental area and plant material

Parallel to ever increasing demands in global markets,
worldwide cherry cultivated lands are also increasing in each
day. Rootstocks play a significant role in cherry culture and
various planting systems have been developed with different
rootstocks. There are numerous cherry rootstocks developed
through breeding researches throughout the world.
* Corresponding author

Experiments were conducted in semi-open (nonheated) greenhouse located in experiment fields of Fruit Research Station (Egirdir, Isparta-Turkey) in the year 2012.
One year old 0900 Ziraat sweet cherry trees grafted on
mazzard (Prunus avium L.) (K), mahalep (Prunus mahaleb
L.) (M), Gisela 6 (P. cerasus 'Schattenmorell to' x P. canescens) (Gi), CAB 6 (CAB) and Maxma 14 (Max) rootstocks were used as the plant material of the study. Trees
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FIGURE 1 - Average daily temperature and relative humidity inside of the greenhouse

were planted in pots early in April and the growth vigour
of selected trees was close to each other. Apart from the
experimental treatments, five unplanted pots filled only
with soil mixture were used to determine the field capacity.
They are placed into a greenhouse with clear plastic cover
on top to prevent the pots to be effected by the rainfall and
sides were open to provide ventilation. The temperature
and relative humidity values were recorded with Hobo data
logger. Values of temperature and relative humidity of the
green house during the study are presented in Figure 1.
2.2 The soil mixture of pots and irrigation water

The soil mixture (40 kg) of sand:loamy soil:peat:manure (1:2:1:0.5 ratios) was placed into 50 liter pots (bottom
diameter: 35 cm, upper diameter: 43 cm, height: 42 cm).
Some properties of pot soil are provided in Table 1. Irrigation water (EC=0.3 dS m-1 and SAR=1.04) was supplied
from a well at Fruit Research Station (Table 2). Irrigation
water was classified according to the US Salinity Laboratory Graphical System. The salinity values of the irrigation
water (250-750 ECx106) were included in category C2 and
SAR values were included in category S1 [7]. Therefore,
irrigation water was classified as C2S1, suitable for irrigation.
2.3 Irrigation treatments

At the beginning of the experiments, the soil mixture
in five pots without plant were saturated with water and
then the pots were covered with aluminum foil to prevent
evaporation. The pot weight without any leachate from the

bottom drainage outlet was considered as the field capacity. The field capacity value of the soil mixture was used to
find out the amount of irrigation water to be applied in each
irrigation. Irrigation water was manually applied to the
pots.
There were four different treatments for each variety/
rootstock combination in this study. Treatments were; D1
treatment: available soil water was reached to field capacity for each irrigation, 100% (full irrigation, FI, or stress
free); D2 treatment: 75% irrigation water amounts of D1
was applied in each irrigation (25% water deficit, mild
stress); D3 treatment: 50% of D1 was applied in each irrigation (50% water deficit, moderate stress); D4 treatment:
25% of D1 was applied in each irrigation (75% water deficit, severe stress).
TABLE 1 - Some properties of pot soil
Soil texture
Filed capacity (%)
Wilting point (%)
Unit weight (g cm-3)
EC (dS m-1)
pH
Lime (%)
Organic matter (%)
Phosphorus (ppm)
Potassium (ppm)
Calcium (ppm)
Magnesium (ppm)

Loam
26.7
13.6
1.17
0.180
7.44
8.87
3.40
110
401
1908
439

TABLE 2 - Irrigation water quality parameters
Class of irri- EC
gation water
(dS m-1)

pH

C 2 S1

7.8

0.300

Cations (mg l-1 )
+

Na
8

+

K
5

Anions (mg l-1)
2+

Ca
41.1

2+

Mg
44.0

3015

CO3-

HCO321.2

Cl46.1

SO4=
30.8

Na (%)

SAR

6.9

1.04
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Depleted water from field capacity or net amount of irrigation water was determined by weighing the pots just before each irrigation. Irrigation water was applied in every
four days to reach the pots to field capacity until July 2nd.
Then, water stress treatments were initiated on July 2nd and
terminated in early September (September 4). Water stress
treatments lasted 65 days. After July 2nd, the pots in D1 treatment were weighed and the depleted water was given to the
pots with a pail (5-liter volume and 100 ml accuracy) to assure that the pots reach to field capacity. For each irrigation,
75%, 50%, 25% of irrigation water amounts applied to D1
treatment was calculated. Then calculated amounts were applied to D2, D3 and D4 treatments. The irrigation water that
leaked into the base plate was added back into the pots.

2.7 Plant and root weights

2.4 Plant water consumption

This study was designed according to Factorial Experimental Design with Randomized Plots. Each treatment
had three replications and there were three plants in each
replication. Data were subjected to analysis of variance
(ANOVA) with JUMP software and the differences among
treatments were compared by LSD test. Covariance analysis was performed to determine the effects of treatments on
plant and root weights.
The abbreviations for the rootstocks are represented
as; mahalep rootstock (M), mazzard rootstock (K), CAB 6
rootstock (CAB), Gisela 6 rootstock (Gi) and Maxma 14
rootstock (Max) in the text.

Until the initiation of experimental treatments (July
2nd), because irrigation water was applied to reach the
available water levels up to field capacity in each irrigation,
irrigation water amounts was considered as plant water
consumption. Following the initiation of experimental
treatments, the plant water consumption was calculated for
10-day periods by using Equation (1) [8].
ET10 days= T1+I-T2

(1)

Where;
ET10days= 10-day plant water consumption (g),
T1
I
ing (g),
T2

At the end of the season, plants were removed from the
pots by careful leaching. Then plant weight and root weight
under scion area were determined by using a precise scale
(± 1.0 g).
2.8 Chlorophyll a and Chlorophyll b analyses

Chlorophyll a and chlorophyll b were determined according to Withan et al. [9]. The mature leaves picked in
early September were used for analyses. The repeated
measurements were made on 5 different leaves from each
tree in each replication and average values were taken.
2.9 Experimental design and statistical analyses

= Previous pot weight (g),
3. RESULTS AND DISCUSSION

= Amount of water applied between two weigh-

3.1 Plant water consumption

= The latest pot weight (g)

The plant water consumption values calculated in
weight was then converted into volume and expressed as
liter / plant.
2.5 Leaf water potential (LWP)

Leaf water potential (LWP) was measured by a pressure chamber on the field (PMS Instrument Company,
Model 1000) in every 12 days (in every three irrigations)
between July and August. One plant from each replication
was selected and measurements were carried out according
to the method of midday leaf water potential. Leaf samples
were collected from the sun-exposed mature leaves of one
year old shoots from different sides of the selected plants
in each treatment. At least 2 leaves per plant were sampled
between 12:00-14:00 on the day before irrigations.
2.6 Stomatal conductance

Stomatal conductance measurements were carried out
simultaneously with leaf water potential measurements on
the same plants with a porometer (Delta-T, PorometerAP4). Leaf samples were taken from the sun-exposed mature leaves of one year old shoots from different sides of
the selected plants in each treatment. At least 3 leaves per
tree were sampled and two repetitive readings were taken
from each leaf.

The plant water consumption values of the treatments
(ET) are provided in Table 3. The highest water consumption was determined for 0900/Gi (Gisela 6) sweet cherry
trees (123.1 liters) and the lowest value was obtained from
0900/K (Mazzard) (97.9 liters) of full irrigation treatment
(D1). These differences among the rootstocks may be resulted from their root structures and growth vigour. Water
consumption of trees grafted on clonal rootstocks (Gi, Max
and CAB) was higher than the seedling rootstocks since
their capillary root formation was higher in control (D1)
treatment. The lowest decrease in water consumption values occurred in 0900/M trees (50.7%). 0900/CAB trees of
all treatments had higher values than other variety/rootstock combinations in terms of decreasing rates.
The 10-day water consumptions are presented in Figure 2. Water consumption values of D3 and D4 treatments
for all variety/rootstocks combinations decreased after water stress application date (July 2nd) depending on applied
irrigation water amounts.
3.2 Leaf water potential (LWP)

The midday LWP values measured during the growing
period are shown in Figure 3. LWP values decreased towards the end of the season for all treatments. This decrease in LWP values occurred under the effects of soil water content [10, 11]. While the rates of decrease in D1 (no
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FIGURE 2 - Plant water consumption of sweet cherry trees during growing period

TABLE 3 - Water consumption (ET) values of experimental treatments
D2
D3
D4
D1
ET
Decrease
ET
ET
Decrease
ET
Decrease
Decrease (%)
(l/plant)
(%)
(l/plant)
(l/plant)
(%)
(l/plant)
(%)
0900/ M
108.4
0
94.1
13.2
74.9
30.9
53.4
50.7
0900/ K
97.9
0
82.8
15.4
63.6
35.0
44.0
55.1
0900/ Max
119.1
0
98.0
17.7
77.6
34.8
54.3
54.4
0900/ CAB
113.1
0
88.8
21.5
67.5
40.3
49.2
56.5
0900/ Gi
123.1
0
101.4
17.6
77.7
36.9
54.8
55.5
M: Mahalep, K: Mazzard, Max: Maxma 14, CAB: CAB 6, Gi: Gisela 6, ET: evapotranspiration, plant water consumption,
Variety/rootstock combination
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stress) treatments were less, the rated were higher in D4
(severe stress) treatments where the water stress was more
effective. The most drastic decrease occurred in 0900/CAB
sweet cherry trees of D4 treatments. Since August, the more
the water stress showed its effects, the more the decrease
in LWP values of all trees were. Changes in LWP values
differed based on the rootstocks and treatments. The highest LWP values were obtained from 0900/M trees and
LWP values did not fluctuate much during the growing
season of this variety/rootstock combination. The lowest
LWP values at the end of the season were obtained from
0900/CAB trees with an average value of -4.62 MPa. It was
determined that the rootstocks used in the experiments affected the LWP values differently [12, 13]. When available
water decreased in soil, water uptake of roots decreased in
water stress treatments (D2, D3 and D4 treatments). In this
case, amount of water transported from roots to plant organs over scion (trunk, shoots, leaves etc.) decreased. The
differences in root system of rootstocks caused to have
changes in water use and transport (Table 3). That may be
the reason for the divergent LWP measurements in different variety/rootstock combinations. Leaf water potential is
a significant indicator of the water content in plants [14].
All the results were found to be significant according
to statistical analysis based on measurements made during
the growing season (p<0.05 and p<0.01) (Figure 3). The
water stress treatments started on July 2nd and the LWP
measurements on July 13th. In early measurements, the differences among treatments were not found to be significant
only in 0900/M and 0900/K trees. This result indicates that
short-term water stress did not cause any effect on LWP
values of sweet cherry trees grafted on mahalep and mazzard rootstocks. While similar results were obtained from
0900/M and 0900/K sweet cherry trees in D1 and D2 treatments during growing period, quite similar values were obtained in D2 (mild stress) and D3 (moderate stress) treatments of other rootstocks. This result indicates that seedling rootstocks were not affected negatively by mild water
stress (25% water deficit). Effects of 25% water deficit
were even determined in trees grafted on clone rootstocks.
According to statistical analyses, there were three groups
for 0900/CAB and 0900/Gi trees during the growth period
and D2 and D3 treatments were included in the same group.
There were four different groups for 0900/Max trees. This
result indicated different effects of water stress levels. It
was reported that different rootstocks had different rate of
decrease in LWP values [15]. Kırnak and Demirtaş [16] reported quite close LWP values for cherry trees in 50 and
75% water deficit.
3.3 Stomatal conductance

Stomatal conductance values showed fluctuations during the growing period, but the values decreased towards
the end of the season (Figure 4). At the beginning of the
water stress treatments (in July), stomatal conductance values of trees grafted on seedling (mahalep and mazzard)
rootstocks (167.2 and 145.2 mmol m-2 s-1, respectively)
were observed to be higher than that of trees grafted on

clone (CAB, Gi and Max) rootstocks (127.0, 117.2 and
129.7 mmol m-2 s-1, respectively). Gülen et al. [17] stated
that stomatal characteristics changed in sweet cherry trees
grafted on different rootstocks. In control treatments (D1),
the highest stomatal conductance values were obtained
from 0900/K and 0900/M sweet cherry trees during the
growing period. The lowest values were obtained from
0900/CAB trees. Because of the water stress due to decreasing soil moisture in root zone, a decrease in stomatal
conductance values was observed through stomal closure
and resultant limited gas exchange [18, 19]. Some researchers reported increasing stomatal conductance with
increasing amount of irrigation water [12, 8].
According to results of statistical analysis, while the stomatal conductance in 0900/M, 0900/K and 0900/Gi sweet
cherry trees were divided into four different groups,
0900/CAB and 0900/Max trees were divided into three different groups. D3 (moderate stress) and D4 (severe stress)
treatments generally were in the same groups in 0900/CAB
and 0900/Max sweet cherry trees. The trees in these treatments (D3 and D4) were affected by 50 % and 75 % water
deficit equally. So it can be stated that 50% water deficit
(moderate stress) had quite similar effects on 0900/CAB and
0900/Max trees. The water stress treatments started on July
2nd and stomatal conductance measurements on July 13th.
Even in early measurements, the differences among the
treatments were found to be significant. This result indicates
that even the short-term water stress affected stomatal conductance. Water stress treatments in different levels affected
stomatal conductance. The differences in stomatal conductance values during the growing period were all found to be
significant. Olien and Lakso [20] stated that the rootstocks
had no effect on stomatal conductance of apple trees.
3.4 Chlorophyll content

Chlorophyll a and chlorophyll b contents of treatments
are shown in Figure 5. The chlorophyll content was different
according to the rootstocks and water stress levels [21, 22].
As a result of the statistical analysis on total chlorophyll
(chlorophyll a and chlorophyll b) content, the rootstocks and
treatments interaction was found to be insignificant. Therefore, variety/rootstock combinations and treatments were
statistically evaluated in their own groups. (Table 4). The
highest values were obtained from D1 treatments and differences between rootstocks were not significant in these treatments. Similarly, Kaynaş [23] found the highest total chlorophyll values in treatments without water stress.
It can be stated that rootstocks had no effect on total
chlorophyll content in D1 treatments (under non stress conditions) with different responses against water stress. With
regard to rootstocks, while there were two different groups
in D2 (mild stress) and D3 (moderate stress) treatments
(25% and 50% water deficit), there were three different
groups in D4 treatments (severe stress, 75% water deficit).
Considering the total chlorophyll content, 0900/CAB trees
were the ones most affected by the water stress. There were
not any significant differences between total chlorophyll
contents of 0900/M and 0900/K trees in all treatments.
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FIGURE 3 - Variation of leaf water potential values during growing period. Error bars indicate standard errors of the means. Means followed
by the same letter are not significantly different, **p<0.01, *p<0.05.
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FIGURE 4 - Stomatal conductance values of treatments during the growing period. Error bars indicate standard errors of the means. Means
followed by the same letter are not significantly different, **p<0.01.
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FIGURE 5 - Chlorophyll a and chlorophyll b content of treatments at the end of growing period

TABLE 4 - Chlorophyll a + b content of the treatments at the end of the growing period
Treatments
D1
D2
D3
0900/M
3.04 Ansa**
2.76 A**a
2.40 A**b
Decrease (%)
0
9.3
21.2
0900/K
3.14 Aa**
2.73 Aab
2.40 Abc
Decrease (%)
0
13.3
23.8
0900/CAB
2.76 Aa**
2.24 Bb
1.97 Bbc
Decrease (%)
0
19.0
28.8
0900/Gi
2.98 Aa**
2.47 Bb
2.14 Bc
Decrease (%)
0
17.2
27.9
0900/Max
2.98 Aa**
2.41 Bb
2.13 Bc
Decrease (%)
0
19.2
28.5
Capital letters indicate rootstock differences; Small letters indicate water stress differences.
Means followed by the same letter are not significantly different, **p<0.01, ns: not significant
Variety/rootstock

deficit treatments (D2 treatments) had no effect on total
chlorophyll content, the effects of 50% or more water deficit treatments on the total chlorophyll content were similar. 25% and more water deficit treatments reduced the total chlorophyll content in sweet cherry trees grafted on
CAB, Gi and Max rootstocks. The decrease in chlorophyll
content of D4 treatments varied between 28.5 - 39.3%.
0900/M sweet cherry trees were divided into two different
groups according to treatments. While 25% water
Kırnak and Demirtaş [16] and Sivritepe et al. [22]
stated that water stress reduced chlorophyll content of

D4
2.20 A**b
28.5
2.17 Ac
30.0
1.68 Cc
39.3
2.02 ABc
32.1
1.83 BCd
38.4

sweet cherry trees. Arunyanark et al. [21] stated that total
chlorophyll content may be an important criterion to determine the resistance to water stress. Some researchers reported that there were significant differences in total chlorophyll content of different rootstocks. The chlorophyll
content of leaves is closely related to photosynthetic capacity of the plants. It was reported that water stress affected
chlorophyll contents through limiting the photosynthetic
capacity in several plants [24, 21]. Anju et al. [25] stated
that plants with a lower chlorophyll decreasing rate were
more tolerant to water stress.
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TABLE 5 - Plant weights at removal
Treatments
D1
D2
0900/M
740.0 b**
563.3 e
0900/K
713.3 b
546.7 e
0900/CAB
603.3 cde
410.0 fgh
0900/Gi
853.3 a
673.3 bcd
0900/Max
910.0 a
703.3 bc
Means followed by the same letter are not significantly different, **p<0.01.
Variety/rootstock

D3
510.0 ef
406.7 fgh
326.7 ghı
430.0 fg
580.0 de

D4
426.7 fgh
320.0 hı
293.3 ı
276.7 ı
333.3 ghı

TABLE 6 - Root weights at removal
Treatments
D1
D2
D3
0900/M
330.0 BC**a**
216.7 BC**b
163.3 B**c
Decrease (%)
0
34.3
50.5
0900/K
423.3 ABa**
260.0 Bb
160.0 Bbc
Decrease (%)
0
38.6
62.2
0900/CAB
273.3 Ca**
136.7 Cb
120.0 Bb
Decrease (%)
0
50.0
56.1
0900/Gi
406.7 ABa**
290.0 ABb
146.7 Bc
Decrease (%)
0
28.7
63.9
0900/Max
556.7 Aa**
346.7 Ab
310.0 Ab
Decrease (%)
0
37.7
44.3
Capital letters indicate rootstock differences; Small letters indicate water stress differences.
Means followed by the same letter are not significantly different, **p<0.01, ns: not significant
Variety/rootstock

3.5 Plant and root weights

Covariance analysis was performed on weight measurements of young trees both before planting and after removal. The effects of pre-planting weight of the trees on
removing weight were found to be insignificant. Therefore,
only removing weight of the trees are given in Table 5. Interaction of rootstocks and treatments were found to be significant (p<0.01). The highest plant weight among control
treatments (D1) was obtained from 0900/Max and 0900/Gi
trees (910.0 g and 853.3 g, respectively) and they were followed by 0900/M and 0900/K trees. The highest plant
weight in water stress treatments was obtained from
0900/M trees and 0900/CAB 6 and 0900/Gi trees were determined as the most affected ones by the water stress according to plant weight in D4 treatments. It was reported
that root growth decreased under extreme water stress conditions [26]. Rootstocks and treatments interaction was not
found to be significant with regard to root weight. Therefore, statistical analysis was performed on rootstocks and
treatments separately (Table 6). Root growth varied according to rootstocks, and the differences among the rootstocks were found to be significant in control treatments
(p<0.01). The highest root weight was obtained from
0900/Max (556.7 g) trees and 0900/CAB trees had the lowest value (273.3 g). Negative effects of 50% and more water deficit (D3 and D4 treatments) on root growth were
found to be similar for sweet cherry trees grafted on M,
(Mahalep), K (Mazzard) and Gi (Gisela 6) rootstocks. 25%

D4
140.0 AB**c
57.6
133.3 BCc
68.5
83.3 Db
69.5
110.0 Cc
73.0
160.0 Ac
71.3

and more water deficit treatments had similar effect on root
growth of 0900/CAB trees. The effects of 25% and 50%
water deficit treatments (D2 and D3 treatments) were found
to be similar for 0900/Max trees. Rootstocks affected vegetative (growth vigour) and generative (bloom, fruit quality, yield etc.) growth characteristics of the varieties grafted
on them [27]. It was reported that root growth and weight
of seedling and clone rootstocks were different [17]. This
may be the reason for different effects of water stress on
root growth.
Water stress prevents vegetative growth (trunk growth,
root growth, etc.) of the plant by creating a negative impact
on cell growth and cell division [28, 19]. The results obtained from this study may be due to differences in roots
and plant organs over scion (trunk, shoot etc.) of rootstocks. Researchers stated that the effects of water stress in
cherry trees caused differences in root and plant growth
[16, 22, 13]. Water stress had negative impatcs on vegetative growth depending on the varieties and rootstocks [29,
15, 30]. Ağlar and Yıldız [31] reported that the effects of
Gi (Gisela 6) and Max (Maxma 14) rootstocks on the vegetative growth of 0900 Ziraat variety were different.
4. CONCLUSIONS
Current findings revealed that 0900 Ziraat cherry variety grafted on different rootstocks had different responses
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against water stress based on the level of water deficit.
Sweet cherry trees grafted on seedling rootstocks (M, Mahalep; K, Mazzard) were less affected by water stress compared to sweet cherry trees grafted on clonal rootstocks
(CAB, CAB 6; Gi, Gisela 6; Max, Maxma 14). According
to plant water content indicators such as LWP and stomatal
conductance values, it was determined that 0900/CAB
sweet cherry trees were affected more by water stress. The
highest decrease in total chlorophyll content was obtained
from 0900/CAB trees. 0900/CAB and 0900/Gi sweet
cherry trees were much more affected by water stress according to the vegetative growth parameters.
In a general look at the water stress responses of sweet
cherry trees, the most sensitive ones were determined as
0900/CAB trees and they were followed by Mahalep (M),
Mazzard (K), Maxma 14 (Max), Gisela 6 (Gi), and CAB 6
(CAB).
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EFFECTS OF CALCINATION TIME AND TEMPERATURE OF
CO32−-INTERCALATED Mg−Al LAYERED DOUBLE HYDROXIDE
ON THE REMOVAL OF Cl− AND SO42− FROM SEAWATER
Tomohito Kameda*, Jumpei Oba and Toshiaki Yoshioka
Graduate School of Environmental Studies, Tohoku University, 6-6-07 Aoba, Aramaki, Aoba-ku, Sendai 980-8579, Japan

ABSTRACT
The effects of calcination time and temperature of CO32−intercalated Mg−Al layered double hydroxide (CO3‧Mg−Al
LDH) on the removal of Cl− and SO42− from seawater were
investigated. The degree of Cl− removal increased with the
increase of calcination time from 2 to 8 h at 500 ºC, suggesting increasing decarbonation of CO3‧Mg−Al LDH.
However, the calcination time of CO3‧Mg−Al LDH hardly
affected the SO42− removal. The thermal decomposition of
CO3‧Mg−Al LDH at 500−800 ºC for 2 h caused the production of Mg−Al oxide. However, MgO and MgAl2O4
were also obtained at 900−1000 ºC. The degree of SO42− removal was over 90% at 500−800 ºC. The product obtained
by the calcination of CO3‧Mg−Al LDH at 900−1000 ºC
could absorb SO42− from seawater. MgO and MgAl2O4 did
not have any uptake ability, but the remaining Mg−Al oxide
could take up SO42− from seawater. The degree of Cl−
removal was in the following order: 500 ºC < 600 ºC <
700 ºC < 800 ºC < 900 ºC. The increase in Cl− removal
suggested the increasing decarbonation of CO3‧Mg−Al
LDH with increasing temperature. The highest degree of
Cl− removal at 900 ºC was attributed to the high Mg/Al
molar ratio of the remaining Mg−Al oxide in the product.
KEYWORDS: Chloride ions, sulphate ions, Mg−Al layered double
hydroxide, calcination, removal

1. INTRODUCTION
Mg−Al layered double hydroxides (Mg−Al LDHs)
are well-known for their anion-exchange properties [1],
and can be represented by the formula [Mg2+1-xAl3+x(OH)2]
(An−)x/n·mH2O, where x denotes the Al/(Mg + Al) molar ratio (0.20≦x≦ 0.33) and An− is an n-valent anion [2, 3]. The
structure of a Mg−Al LDH consists of a stack of Al-bearing
one, brucite-like octahedral layer, which is positively charged
owing to the replacement of some Mg2+ ions with Al3+ ions
* Corresponding author

which are electrically neutralized by interlayer anions. The
interlayer spaces that are not occupied by anions can contain water molecules. CO32−-intercalated Mg−Al LDHs
(CO3‧Mg−Al LDH) can be converted into Mg–Al oxide by
calcination at 450–800°C through the following reaction:
Mg1-xAlx(OH)2(CO3)x/2 →
Mg1-xAlxO1+x/2 + x/2CO2 + H2O

(1)

This Mg–Al oxide can rehydrate and combine with anions to reconstruct the LDH structure:
Mg1-xAlxO1+x/2 + x/n An− + (1+x/2)H2O →
Mg1-xAlx(OH)2Ax/n + xOH−

(2)

Notably, Mg−Al LDH and Mg–Al oxide have received
considerable attention as potential adsorbents in the treatment of wastewater. For example, they have been examined in the uptake of dyes, thiosulfates, perchlorates, and
halogens from aqueous solutions [4-7].
As expressed in Eq. (2), the rehydration and subsequent
combination of Mg–Al oxide with anions in solution is accompanied by the release of OH−. As such, it was established
that Mg–Al oxide could neutralize and fix Cl− in the treatment of HCl [8-11]. Mg–Al oxide was also shown to treat
mineral acids, such as H3PO4, H2SO4, and HNO3 [12].
It was previously reported that Mg−Al oxide could
simultaneously absorb Cl− and SO42− from seawater and
generate a Mg–Al LDH intercalated with Cl− and SO42−
[13]. CO3‧Mg−Al LDH is composed of Mg/Al molar ratios of 2.0 to 4.0. When CO3‧Mg−Al LDH with a Mg/Al
molar ratio of 4.0 is calcined, CO2 evolution is nearly complete at 500 °C [14]. However, when CO3‧Mg−Al LDH
with a Mg/Al molar ratio of 2.0 is calcined at 500 °C, 20–
30% of the carbonates remain, resulting in a decreased anion-uptake ability of the produced Mg–Al oxide. In order
to increase the Cl− and SO42− removal from seawater by
Mg−Al oxide with a Mg/Al molar ratio of 2.0, it is necessary to examine the effects of calcination of CO3‧Mg−Al
LDH in detail. Therefore, in this study, the effects of calcination time and temperature on the removal of Cl− and
SO42− by CO3‧Mg−Al LDH with a Mg/Al molar ratio of
2.0 were investigated.
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2. MATERIALS AND METHODS
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FIGURE 1 - Effect of calcination time of CO3‧Mg−Al LDH on the
removal of Cl− upon suspension in seawater with various quantities
of Mg−Al oxide. Suspension time: 24 h. Suspension temperature:
30 ºC. Calcination temperature: 500 ºC
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FIGURE 2 - Effect of calcination time of CO3‧Mg−Al LDH on SO42−
removal upon suspension in seawater with various quantities of
Mg−Al oxide. Suspension time: 24 h. Suspension temperature: 30 ºC.
Calcination temperature: 500 ºC
1000 cps

All reagents were purchased from Kanto Chemical
Co., Inc. CO3‧Mg–Al LDH was prepared by the co-precipitation method. A Mg–Al solution ([Mg2+] + [Al3+] =
0.5 M, [Mg2+]/[Al3+] = 2.0) was prepared by dissolving
Mg(NO3)2‧6H2O and Al(NO3)3‧9H2O in deionized water
(500 mL). The Mg–Al solution was added dropwise to a
solution of Na2CO3 (0.17 M, 500 mL) at 30°C with mild
agitation. The pH of the solution was adjusted to 10.5 by
the addition of 1.25 M NaOH. The mixture was then stirred
continuously at 30°C for 1 h. The product, CO3‧Mg–Al
LDH, was isolated by filtering the resulting suspension,
washed thoroughly with deionized water, and dried under
reduced pressure (133 Pa) at 40 °C for 40 h. Mg–Al oxide
was then prepared by the thermal decomposition of
CO3‧Mg–Al LDH at 500–1000 °C for 2–20 h. The Mg–Al
oxide prepared from the Mg–Al solution where
[Mg2+]/[Al3+] = 2.0 contained 20.6 wt% Mg and 11.6 wt%
Al, resulting in a Mg/Al molar ratio of 2.0.
The seawater contained 15951 mg/L Cl−, 2265 mg/L
SO42−, 9893 mg/L Na+, 360 mg/L K+, 1054 mg/L Mg2+, and
310 mg/L Ca2+. Seawater (20 ml) and predetermined
amounts of the Mg–Al oxide were placed in 50-ml screwtop tubes and shaken at 30 °C for 24 h. The amounts of
Mg–Al oxides were 0.5–4.0 times those of the stoichiometric quantities indicated by Eqs. (3) and (4):
Mg0.67Al0.33O1.17 + 0.33Cl− + 1.17H2O →
Mg0.67Al0.33(OH)2Cl0.33 + 0.33OH−
(3)
2−
Mg0.67Al0.33O1.17 + 0.17SO4 + 1.17H2O →
Mg0.67Al0.33(OH)2(SO4)0.17 + 0.33OH−
(4)
The suspended solutions were filtered, and the concentrations of Cl− and SO42− in the filtrates were determined using a
Dionex DX−120 ion chromatograph and a Dionex model
AS−12A column (eluent: 2.7 mM Na2CO3 and 0.3 mM NaHCO3; flow-rate: 1.3 ml min−1). The products were identified by X−ray diffraction (XRD) using Cu Kα radiation.

Mg−Al oxide
MgO
MgAl2O4
(a)

3. RESULTS AND DISCUSSION
Figs. 1 and 2 show the effect of calcination time on the
removal of Cl− and SO42− by CO3‧Mg−Al LDH upon suspension in seawater with various quantities of Mg−Al oxide. For all calcination times, the degree of Cl− removal increased with increasing Mg−Al oxide quantities. The degree of Cl− removal also increased with time from 2 to 8 h
at Mg−Al oxide quantities of 1 to 3 times the stoichiometric
quantities. This suggested that the decarbonation from
CO3‧Mg−Al LDH increased with time from 2 to 8 h. However, the degree of Cl− removal did not increase with time
from 8 to 20 h at Mg−Al oxide quantities 1 to 3 times the
stoichiometric quantities, suggesting less decarbonation.
The degree of SO42− removal was over 90% under all investigated conditions. Calcination time of CO3‧Mg−Al
LDH exhibited a negligible effect on the removal of SO42−.
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FIGURE 3 - XRD patterns of products obtained from the thermal
decomposition of CO3‧Mg−Al LDH at (a) 500 ºC (b) 600 ºC, (c) 700
ºC, (d) 800 ºC, (e) 900 ºC, and (f) 1000 ºC for 2 h
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Fig. 3 shows the XRD patterns of the products obtained in the thermal decomposition of CO3‧Mg−Al LDH
at (a) 500 ºC, (b) 600 ºC, (c) 700 ºC, (d) 800 ºC, (e) 900 ºC,
and (f) 1000 ºC for 2 h. At 500−800 ºC, only Mg−Al oxide
was obtained. However, in addition to Mg−Al oxide, MgO
and MgAl2O4 were also obtained at 900−1000 ºC. The production of MgO and MgAl2O4 was attributed to the decomposition of Mg−Al oxide. These products were used for the
removal of Cl− and SO42− from seawater.
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FIGURE 4 - Effect of calcination temperature of CO3‧Mg−Al LDH
on Cl− removal upon suspension in seawater with various quantities
of Mg−Al oxide. Suspension time: 24 h. Suspension temperature: 30
ºC. Calcination time: 2 h

amounts of the remaining Mg−Al oxide, the degree of
SO42− removal increased. The Cl− removal at all temperatures increased with increasing quantities of Mg−Al oxide.
For all quantities of Mg−Al oxide, the degree of Cl− removal was in the following order: 500 ºC < 600 ºC < 700 ºC
< 800 ºC < 900 ºC. The increase in Cl− removal suggested
increasing decarbonation of CO3‧Mg−Al LDH with increasing temperatures. It must be emphasized that the degree of Cl− removal at 900 ºC was the highest for all quantities of Mg−Al oxide. This was attributed to the high
Mg/Al molar ratio of the remaining Mg−Al oxide in the
product obtained by the calcination of CO3‧Mg−Al LDH
at 900 ºC. As shown in Fig. 3(e), the product contained
Mg−Al oxide and MgAl2O4. Due to the formation of
MgAl2O4, the Mg/Al molar ratio of the remaining Mg−Al
oxide was probably greater than 2.0. It was previously reported that Mg–Al oxide with a Mg/Al molar ratio of 4 was
superior to that with a molar ratio of 2 in the removal of
Cl−, whereas the opposite trend was observed in the removal of SO42− [13]. Since the remaining Mg−Al oxide
probably had a high Mg/Al molar ratio, it was considered to
have an enhanced ability to remove Cl−. The degree of Cl−
and SO42− removal at 1000 ºC was lower than that at 900 ºC
for all quantities of Mg−Al oxide. This was attributed to the
decreased amount of remaining Mg−Al oxide.
1000 cps
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FIGURE 5 - Effect of calcination temperature of CO3‧Mg−Al LDH
on SO42− removal upon suspension in seawater with various quantities of Mg−Al oxide. Suspension time: 24 h. Suspension temperature:
30 ºC. Calcination time: 2 h

Figs. 4 and 5 show the effect of calcination temperature on the removal of Cl− and SO42− by CO3‧Mg−Al LDH
upon suspension in seawater with various quantities of
Mg−Al oxide. The degree of SO42− removal was over 90%
at 500−800 ºC with all quantities of Mg−Al oxide. Although the removal at 900 and 1000 ºC was lower than that
at 500−800 ºC, it increased with increasing quantities of
Mg−Al oxide. Notably, the product obtained by the calcination of CO3‧Mg−Al LDH at 900−1000 ºC had the ability
to take up SO42− from seawater. MgO and MgAl2O4 did not
have this ability, but the remaining Mg−Al oxide was considered to absorb SO42− from seawater. With increasing
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FIGURE 6 - XRD patterns of products obtained following the
suspension of various Mg−Al oxides in stoichiometric quantities
in seawater at 30 ºC for 24 h. Mg−Al oxide was obtained in the thermal decomposition of CO3‧Mg−Al LDH at (a) 500 ºC (b) 600 ºC, (c)
700 ºC, (d) 800 ºC, (e) 900 ºC, and (f) 1000 ºC for 2 h

Fig. 6 shows the XRD patterns of the products obtained
upon suspension of various Mg−Al oxides of stoichiometric
quantities in seawater at 30 ºC for 24 h. The XRD peaks at
500−800 ºC were ascribed to hydrotalcite (JCPDS card 22700), a naturally occurring hydroxy-carbonate composed of
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magnesium and aluminum (Mg6Al2(OH)16CO3‧4H2O) with
a layered double hydroxide structure. This suggested the regeneration of Mg–Al LDH intercalated with Cl− and SO42−
from the Mg−Al oxide. Therefore, Cl− and SO42− ions were
removed from seawater by this regenerative process. The
XRD peaks at 900 ºC were ascribed to hydrotalcite and
MgAl2O4, indicating the regeneration of Mg–Al LDH from
the Mg−Al oxide and the un−reaction of MgAl2O4 from the
initial product. The XRD peaks at 1000 ºC were ascribed
to hydrotalcite, MgO, and MgAl2O4. The XRD peaks ascribed to hydrotalcite at 1000 ºC had a lower intensity than
those at 500−900 ºC, indicating less regeneration of Mg–
Al LDH. As shown in Fig. 3 (f), crystal growth of MgO
and MgAl2O4 was observed at 1000 ºC. The small amount
of Mg−Al oxide in the initial product at 1000 ºC led to a
decreased removal of Cl− and SO42− from seawater.
4. CONCLUSION
We examined the effect of calcination on the removal of
Cl− and SO42− from seawater by CO32−-intercalated Mg−Al
LDH. The degree of Cl− removal increased with increasing
calcination time from 2 to 8 h at 500 ºC, suggesting the increasing decarbonation of CO3‧Mg−Al LDH. However, the
degree of Cl− removal did not increase with time from 8 to
20 h. On the other hand, the calcination time of CO3‧Mg−Al
LDH had a negligible effect on the removal of SO42−.
The thermal decomposition of CO3‧Mg−Al LDH at
500−800 ºC for 2 h led to the production of Mg−Al oxide.
However, in addition to Mg−Al oxide, MgO and MgAl2O4
were obtained at 900−1000 ºC. The production of MgO and
MgAl2O4 was attributed to the decomposition of Mg−Al oxide. The degree of SO42− removal was over 90% at 500−800
ºC. Notably, the product obtained by the calcination of
CO3‧Mg−Al LDH at 900−1000 ºC also had the ability to
take up SO42− from seawater. MgO and MgAl2O4 did not
have this uptake ability, but the remaining Mg−Al oxide was
considered to take up SO42− from seawater. The degree of
Cl− removal was in the following order: 500 ºC < 600 ºC <
700 ºC < 800 ºC < 900 ºC. The increase in Cl− removal suggested increasing decarbonation from CO3‧Mg−Al LDH
with increasing temperatures. It must be emphasized that the
degree of Cl− removal at 900 ºC was the highest. This was
attributed to the high Mg/Al molar ratio of the remaining
Mg−Al oxide in the product obtained by the calcination of
CO3‧Mg−Al LDH at 900 ºC. The degree of Cl− and SO42−
removal at 1000 ºC was lower than that at 900 ºC, and was
attributed to the decrease in the amount of remaining Mg−Al
oxide.
The authors have declared no conflict of interest.
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ABSTRACT
Effects of copper (Cu) and lead (Pb) applied singly and
in mixture with chitosan (CT) on sera aspartate aminotransferase (AST), alanin aminotransferase (ALT) activities,
glucose, total protein and cholesterol levels of Clarias
gariepinus were studied after exposing the animals to 5.0
ppm Cu and 1.0 ppm Pb singly and in mixture with 75 ppm
Chitosan over 1, 7 and 15 days. Sera parameters were
measured using an auto analyzer and statistical evaluation
of the experimental data was carried out by Variance Analysis and Student Newman Keul’s Procedure (SNK).
Abundant biosorbants such as chitin and chitosan are
known to form stable complexes with many metal ions.
Chitin is widely distributed in nature, especially in the exoskeletons of marine invertebrates such as prawn, crab and
lobster whereas its derivative chitosan has reactive amino
groups which forms complexes between metal ions and the
polymer chain.
No mortality was observed during the experiments.
Exposure to Cu-CT mixture decreased sera glucose level at
all exposure periods, sera cholesterol level on day 15, sera
ALT activity on day 1 and sera total protein level on day
15 compare to Cu alone. Exposure to Pb-CT mixture decreased sera glucose, cholesterol levels and AST and ALT
activities on day 15 compared with Pb alone. This might be
due to chitosan has reactive amino groups which forms
complexes between metal ions and the polymer chain.

KEY WORDS:
Copper, lead, chitosan, sera parameters, Clarias gariepinus.

nomenon such as volcanic eruptions and erosion. The levels
of these metals, however, increased significantly mainly by
anthropogenic activities [1].
Copper is necessary in trace amounts for the functioning of various biological mechanisms [2], while lead have
no biological function and is toxic even at very low concentrations [3]. Discharge of various metal mixtures containing urban, agricultural and industrial waste waters to
freshwater environments result in a number of physiological and biochemical disturbances to organisms living in
these environments [4-5].
Various biosorbents such as chitin and chitosan (CT)
are known to form stable complexes with many metal ions.
Chitin is widely distributed in nature, especially in the exoskeletons of marine invertebrates such as prawn, crab and
lobster whereas its derivative CT has reactive amino
groups which forms complexes between metal ions and the
polymer chain.
Clarias gariepinus is a widely distributed species in
inland waters and drainage channels of Mediterranean region and is consumed commonly as a protein source. Due
to its wide tolerance against pollutants and its habitat being
under direct influence of agricultural and industrial activities, the species was chosen as an experimental fish.
Effects of heavy metals result in significant variations
in blood parameters. CT is well known as an excellent biosorbent for metal cation removal in near-neutral solutions
because of its large number of NH2 groups. Hence sera
AST and ALT activities, glucose, cholesterol and total
protein levels were determined after exposing the animals
to 5.0 ppm Cu and 1.0 ppm Pb singly and in mixture with
75 ppm CT over 1, 7 and 15 days.

1. INTRODUCTION

2. MATERIAL AND METHODS

Heavy metals are natural components of aquatic environments and enter to these environments by natural phe* Corresponding author

C. gariepinus was obtained from a private fish farm in
Silifke-Mersin. The mean length and weight of the animals
were 21.9 ± 1.5 cm and 73 ± 3.11g respectively. Fish were
adapted to laboratory conditions for one month in glass

3029

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

aquaria 40x120x40 cm in height. Experiments were run in
triplicate being 3 fish in each replicate, hence 9 fish were
placed in each aquarium. The same sized five aquaria were
used in the experiments. The first four aquaria were
filled with 120 L of 5.0 ppm Cu, 1.0 ppm Pb, 5.0 ppm
Cu + 75 ppm CT and 1.0 ppm Pb + 75 ppm CT, respectively while the fifth one was filled with the same
amount of copper and lead free tap water and used as control. Copper sulphate (CuSO4:5H2O) and lead nitrate
(Pb(NO3)2) were used in the preparation of experimental
solutions and trisodium citrate (C6H5Na3O7.5H2O) was
used to prevent precipitation and adsorption of the metals.
Experimental solutions were replaced daily, by serial dilutions of freshly prepared 1000 ppm stock solution of the
metals. 1 % acetic acid was used to prepare CT stock solution. Some physical chemical properties of experimental
water are given in Table 1.
TABLE 1 - Physical and chemical properties of the experimental water.
Illumination regime
Temperature
Total alkalinity
Dissolved oxygen
pH

12h/12h light/dark
22 ± 10C
305 ± 0.5 mg CaCO3/L
7.1 ± 0.5mg/L
8.2 ± 0.5

Fish were fed once a day with readymade fish feed
(Pınar, Pellet No: 2) at amounts of 2% of total biomass.
Three fish were removed from each aquaria at the end of
each exposure period. Fish were anesthetized with MS222
to prevent changes in the studied parameters. They were
then washed with tap water and dried with Whatman filter
papers.
Blood samples to be used in determining sera parameters were obtained by cutting caudal peduncle vertically.
They were transferred to anticoagulant free centrifuge
tubes and centrifuged at 4000 rpm for 10 minutes. Obtained

sera samples were then transferred to sera tubes and analyzed using an auto-analyzer.
Statistical analysis of the data were carried out by
Analysis of Variance and Student Newman’s Procedure
(SNK) using SPSS-16 statistical package program [6].
3. RESULTS
No fish mortality was observed during the experimental period. Sera glucose levels increased significantly
compared to control when exposed to Cu alone, whereas it
decreased significantly in Cu-CT mixture compared to Cu
alone at the exposure periods tested (Fig. 1a; P<0.05).
There was a significant increase in sera cholesterol levels
on days 1 and 7 under the effect of copper compared with
control (Fig. 1b; P<0.05). No significant change in sera
cholesterol level, however, was observed under the effect
of Cu-CT mixture during these periods (Fig. 1b; P>0.05).
Sera cholesterol was significantly lower in fish exposed to
Cu-CT mixture than in those exposed to copper alone at the
end of 15 days (Fig. 1b; P<0.05).
There was a significant increase in sera AST and ALT
activities of C. gariepinus when exposed to Cu for 1 and
7 days compared to control (Fig. 1c-1d; P<0.05). AST and
ALT activities remained unchanged when exposed to CuCT mixture compared with Cu alone at the exposure periods tested. Sera total protein increased significantly compared with control when exposed to Cu alone at all exposure periods (Fig. 1e; P<0.05). Exposure to Cu-CT mixture
decreased sera total protein levels at the end of 15 day compared to Cu alone (Fig. 1e; P<0.05).
Sera glucose and cholesterol levels were not affected by
exposure to Pb alone and Pb-CT mixture except for day 15.
Their levels were significantly lower in fish exposed to PbCT mixture compared to Pb alone after 15 days (Fig. 2a-2b;
P<0.05).

a. Glucose (mg/dL)

b. Cholesterol (mg/dL)
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c. Aspartate aminotransferase (AST) (U/L)

d. Alanine aminotransferase (ALT) (U/L)

e. Total protein (g/dL)
FIGURE 1 - Effects of Cu and with Cu-CT mixture on some sera parameters of C. gariepinus. *=SNK; Letters a, b, c show differences among
concentrations. Data shown with different letters are significant at the P<0.05 level.

a. Glucose (mg/dL)

b. Cholesterol (mg/dL)
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c. Aspartate aminotransferase (AST) (U/L)

d. Alanine aminotransferase (ALT) (U/L)

e. Total protein (g/dL)
FIGURE 2 - Effects of Pb and Pb-CT mixture on some sera parameters of C. gariepinus. *=SNK; Letters a, b, c show differences among concentrations. Data shown with different letters are significant at the P<0.05 level.

Exposure to Pb alone and Pb-CT mixture did not affect
sera AST and ALT activities on days 1 and 7 (Fig. 2c-2d;
P>0.05). Sera AST and ALT activities increased significantly compared with control when exposed to Pb alone for
15 days, while Pb-CT mixture decreased their levels significantly compared to Pb alone at a given period (Fig. 2c2d; P<0.05). Sera total protein increased significantly when
exposed to Pb alone compared with control after 7 days
(Fig. 2e; P<0.05).
4. DISCUSSION
There was no mortality C. gariepinus exposed to 5.0 ppm
Cu and 1.0 ppm Pb over 15 day which was probably due to
short exposure periods and low metal concentrations.
Heavy metals above given concentrations activate
stress conditions in fish as other stress factors, such as tem-

perature and anaerobic conditions, which in turn increases
the need for energy. The increase in energy demand stimulates the release of glucocorticoids such as cortisol, epinephrine, and catecholamine causing mobilization of liver
and muscle glycogen by glycogenolysis and result in hyperglycemia.
Copper increases sera glucose and cortisol levels in
Salmo trutta depending on exposure concentration and period [7]. McLeay [8] reported that sera glucose levels increased in Oncorhynchus mykiss exposed to zinc for 7 days.
Exposure to lead for 4 days increased sera glucose level in
O. niloticus [9]. Sera glucose level increased significantly
compared with control when exposed to Cu alone at all exposure periods. This might result from stimulation of glycogenolysis in liver and muscle depending upon the energy
demand under the effect of metal stress.
Cholesterol is the main structural component of lipoproteins, bile acids and steroid hormones. Effects of heavy
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metals on cholesterol levels in fish varies between fish species and metals tested. Sera cholesterol levels increased in
O. niloticus exposed to Ag, Zn, Cr, Cu and Cd singly [10]
while long term effect of lead decreased sera cholesterol
levels in Prohilodus lineatus [11]. Short term exposure to
Cu and Pb increased sera cholesterol levels of C. gariepinus whereas its level decreased with increasing periods.
This might be due to tissue damage caused by the metal,
breakdown in cholesterol synthesis and/or the use of cholesterol in the synthesis of steroid hormones.
Heavy metals not only induces stress conditions in fish
but also cause tissue damages. Stress conditions in fish increase energy requirements which are derived primarily
from carbohydrates, such as glucose and from non-carbohydrate sources, such as proteins and lipids, through gluconeogenic enzymes, namely AST and ALT. The levels of
gluconeogenic enzymes are low under normal conditions.
Zinc increased sera AST and ALT activities in O. niloticus
at both short and long exposure periods [12]. Exposure to
Cu and Pb for four and twenty one days increased sera AST
and ALT activities in O. niloticus [9]. Sera AST and ALT
activities also decreased in C. gariepinus when exposed to
Cu for 1 and 7 days and to Pb for 15 days.
Trace elements are transported between various tissues
by binding to proteins such as albumin, globulin and ceruloplasmin. Sera total protein levels of C. carpio increased
under the effect of Cu and Zn [13]. Four days of exposure
to lead did not affect sera total protein level in O. niloticus
[9]. Sera total protein levels of Oncorhynchus. mykiss increased with increasing exposure periods when the fish
were fed with 489.8± 1.9 mg Cu/kg food [14]. Copper increased sera total protein levels of C. gariepinus at all exposure periods and increased on the 7 day of exposure to
Pb alone. The increase in synthesis of metal binding proteins and time depended increase in protein catabolism
might explain these variations.
CT is produced by alkaline N-deacetylation of chitin,
which is widely found in the exoskeleton of shellfish and
crustaceans. It is widely known that the excellent adsorption behaviors of CT for heavy metal removal is attributed
to: high hydrophilicity of CT due to large number of hydroxyl groups, large number of primary amino groups with
high activity and flexible structure of polymer chain of CT
making suitable configuration for adsorption of metal ions
[15]. McKay et al. [16] reported that the maximum adsorption capacities of CT for Hg, Cu, Ni, and Zn. CT had an
inhibitory effect on Cd intake in O. mykiss fed with Cd and
Cd-CT mixed food [17]. Copper and CT complex decreased oxidative stress in C. carpio [18].
Exposure to Cu-CT mixture decreased sera glucose
level at all exposure periods, sera cholesterol level on day
15, sera ALT activity on day 1 and sera total protein level
on day 15 compared to Cu alone . Exposure to Pb-CT mixture decreased sera glucose, cholesterol levels, and AST,
ALT activities on day 15 compared to Pb alone. This might
be resulted from reactive amino groups of CT form complexes with metal ions through its polymer chains.

It was concluded that the studied metals concentrations caused significant alterations in the carbohydrate and
protein metabolism by effecting sera parameters. Chitosan,
which is a natural adsorbent, seemed to decrease the harmful effects of Cu and Pb on sera parameters especially on
long term exposures.

3033

The authors have declared no conflict of interest.
REFERENCES
[1]

Naito, W., Kamo, M,. Tsushima, K. and Iwasaki, Y. (2010)
Exposure and Risk Assessment of Zinc in Japanese Surface
Waters. Sci. Total Environ. 408(20), 4271–4284.

[2]

Nussey, G., Van Vuren, J.H.J. and Du Preez, H.H. (1995) Effect of Copper on the Hematology and Osmoregulation of the
Mozambique Tilapia, Oreochromis mossambicus (Cichlidae).
Comp. Biochem. Physiol., 111C (3), 369–380.

[3]

Cicik, B. (2003) Bakır-Çinko Etkileşiminin Sazan (Cyprinus
carpio L.)’nın Karaciğer, Solungaç ve Kas Dokularındaki
Metal Birikimi Üzerine Etkileri. Ekoloji, 12(48), 32-36.

[4]

Gobeil, C., Rondeau, B. and Beudin, L. (2005) Contribution
of Municipal Effluents to Metal Fluxes in the St. Lawrence
River. Environ. Sci. Technol. 39, 456–464.

[5]

Shaw, J.R., Dempsey, T.D., Chen, C.Y., Hamilton, J.W. and
Folt, C.L. (2006) Comparative Toxicity of Cadmium, Zinc and
Mixtures of Cadmium and Zinc to Daphnids. Environ. Toxicol. Chem. 25, 182–189.

[6]

Sokal, R.R. and Rohlf, F.J. (1995) Biometry: The Principles
and Practice of Statistics in Biological Research. 3rd edition.
W.H. Freeman and Co., New York.

[7]

Nemcsok, J. and Hughes, G. M. (1988) The Effect of Copper
Sulphate on Some Biochemical Parameters of Rainbow Trout.
Environ. Pollut., 49, 77–85.

[8]

Mcleay, D.J. (1977) Development of a Blood Sugar Bioassay
for Rapidly Measuring Stressful Levels of Pulmill Effluents in
Salmonid Fish. J. Fish. Res. Bd. Can. 34, 477-485.

[9]

Fırat, Ö., Çogun, H.Y., Yüzereroğlu, T.A., Gök, G., Fırat, Ö.,
Kargın, F. and Kötemen, Y. (2011) A Comparative Study on
the Effects of a Pesticide (cypermethrin) and Two Metals (copper, lead) to Serum Biochemistry of Nile Tilapia, Oreochromis
niloticus. Fish Physiol. Biochem., 37, 657–666

[10] Öner, M., Atlı, G. and Canlı, M. (2007). Changes in Serum
Biochemical Parameters of Freshwater Fish Oreochromis nilotıcus Following Prolonged Metal (Ag, Cd, Cr, Cu, Zn) Exposures. Environ. Toxicol. Chem., 27(2), 360–366.
[11] Martinez, C.B.R., Nagae, M.Y., Zaia, C.T.B.V. and Zaia,
D.A.M. (2004) Acute Morphological and Physiological Effects of Lead in the Neotropical Fish Prochilodus lineatus,
Braz. J. Biol., 64 (4), 797-807
[12] Younis, E.M., Abdel-Warith, A.A. and Al-Asgah, N.A. (2012)
Hematological and Enzymatic Responses of Nile Tilapia Oreochromis niloticus during Short and Long Term Sublethal Exposure to Zinc. Afr. J. Biotechnol., 11(19), 4442-4446.
[13] De Smet H. and Blust R. (2001) Stress Responses and Changes
in Protein Metabolism in Carp Cyprinus carpio during Cadmium Exposure. Ecotoxicol. Environ. Safe., 48(3), 255-262.
[14] Handy, R.D., Sıms, D.W., Gıles, A., Campbell, H.A. and Musonda, M.M. (1999) Metabolic Trade-off between Locomotion
and Detoxification for Maintenance of Blood Chemistry and
Growth Parameters by Rainbow Trout (Oncorhnchus mykiss)
during Chronic Dietary Exposure to Copper. Aquat. Toxicol.,
47, 23-41.

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

[15] Babel, S. and Kurniawan, T.A., 2003. Low-cost Adsorbents
for Heavy Metals Uptake from Contaminated Water. J. Hazard. Material. 97(B), 219–243.
[16] McKay, G., Blair, H.S. and Findon, A. (1989) Equilibrium
Studies for the Sorption of Metal Ions onto Chitosan. Ind. J.
Chem. 28(A), 356–360.
[17] Ren H., Jia H., Kim S., Maita M., Sato S., Yasui M., Endo H.
and Hayashi T (2006) Effect of Chinese Parsley Coriandrum
sativum and Chitosan on Inhibiting the Accumulation of Cadmium in Cultured Rainbow Trout Oncorhynchus mykiss. Fisheries Sci,, 72, 263-269.
[18] Dautremepuits, C., Betoulle, S., Paris-Palacios, S. and Vernet,
G. (2004) Humoral Immune Factors Modulated by Copper and
Chitosan in Healthy or Parasitized Carp (Cyprinus carpio L.)
Ptychobothrium sp. (Cestoda). Aquat. Toxicol., 65, 325-338.

Received: January 16, 2015
Revised: February 25, 2015; March 25, 2015
Accepted: March 26, 2015

CORRESPONDING AUTHOR
Mustafa Tunçsoy
University of Cukurova
The Faculty of Science and Letters
Biology Department
01330 Balcalı Sarıçam/Adana
TURKEY
Phone: +905398152828
E-mail: mustafa_tuncsoy@hotmail.com
FEB/ Vol 24/ No 9a/ 2015 – pages 3029 - 3034

3034

© by PSP Volume 24 – No 9a. 2015

Fresenius Environmental Bulletin

SORPTION OF ROXARSONE FROM WATER
ONTO TYPICAL NATURAL CLAY MINERALS
Ning Zhou, Xianjia Peng* and Zhaokun Luan
State Key Laboratory of Environmental Aquatic Chemistry, Research Center for
Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, P.R. China

ABSTRACT
Roxarsone (3-nitro-4-hydroxyphenylarsonic acid) has
been widely used as a feed additive to control coccidial intestinal parasites and to enhance feed efficiency in poultry
industry. Nearly all the roxarsone is excreted unchanged
and part of that enters animal wastewater and surface water
through washing and runoff, posing potential risk to aquatic
environment. Suspended particulate matter with a huge specific surface area and a large number of active groups may
combine roxarsone onto its surface and determine the fate of
roxarsone in aquatic environment. Clays are important components of suspended particulate matter and exhibit good
sorption properties for various kinds of pollutants in
aquatic environment. In this work, the sorption of roxarsone to three typical natural clay minerals, i.e., kaolinite,
illite and montmorillonite, was investigated. The results indicated that 1) Roxarsone can be spontaneously sorbed on
natural clay minerals and more easily sorbed at higher temperatures. 2) Ferric ion with a concentration of 0-5 mM significantly promoted roxarsone sorption by forming bridging complexation, while divalent calcium ion and divalent
magnesium ions exhibit an inhibitory effect on roxarsone
sorption. 3) pH has obvious effect on the sorption and the
maximum sorption occurs at pH about 9.0, 5.0 and 5.0 for
kaolinite, illite and montmorillonite, respectively.
KEYWORDS:
organo- arsenic compounds; roxarsone; clay mineral; sorption.

1. INTRODUCTION
Since the first organo-arsenic compound, arsphenamine, was synthesized by German biologist Ehrlich in
1909, organo-arsenic compounds have been widely used as
insecticides, pesticides and feed additives[1]. Among these
organo-arsenic compounds, roxarsone(3-nitro-4-hydroxyphenylarsonic acid), first discovered by Morehouse and
Magfield in 1946, is one of the most widely used in poultry
industry for decades to control coccidial intestinal parasites
and to enhance feed efficiency all over the world [2].
* Corresponding author

Nearly all the roxarsone is excreted unchanged [3] and part
of the excreted roxarsone enters animal wastewater and
surface water through washing and runoff [4], posing potential risk to aquatic environment. Research work has
been done on the fate of roxarsone in poultry body [5] and
poultry litter [6-8]. To the best of our knowledge, however,
little work has been done on the fate of roxarsone in acquatic system.
Suspended particulate matter in water usually possesses a huge surface area and a large number of active
groups, which enable it to combine, in various forms, all
kinds of pollutants in water environment onto its surface.
Furthermore, the episodic resuspension, deposition and
generation of particles, coupled with their high reactivities,
ensures that suspended particulate matter plays a key role
in the availability, transport, recycling and fate of chemicals in the aquatic environment [9]. Clay minerals are important parts of suspended particulate matter in water [10].
Clay minerals are layered aluminosilicates and each layer
is composed of one (for 1:1 type clay minerals, e.g. kaolin)
or two (for 2:1 type clay minerals,e.g. montmorillonite and
illite) Si–O tetrahedral sheets and a dominantly Al–OH octahedral sheet [11]. Clay minerals existing in nature mostly
have large surface areas, ion exchange capability and acid
sites, which allows clay minerals to have good sorption
properties for various kinds of pollutants in aquatic environment. Sorption behavior of roxarsone on clay minerals
may play an important role in controlling the fate and
transport of roxarsone in the aquatic environment. Thus,
acknowledge on these processes is essential to the understanding of the aquatic environmental fate of roxarsone. In
this study, the sorption of roxarsone to three kinds of typical natural clays, i.e., kaolinite, illite and montmorillonite,
was investigated.
2. MATERIALS AND METHODS
2.1 Materials

All chemicals used in this study were of reagent grade
or higher purity and were used without further purification. The water used was deionized water with a resistivity of 18.3 MΩ∙cm. Primary stock solutions of roxarsone, Ca(NO3)2, Mg(NO3)2 and Fe(NO3)3 were prepared in
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ultra-pure water, filtered through 0.22µm membrane, and then
stored in the dark in designated fluoropolymer bottles at 277K.
2.2 Methods
2.2.1 Characterization of natural clay minerals

The natural clay minerals, kaolinite, illite and montmorillonite, were obtained from Institute of Soil Science,
Chinese Academy of Sciences. All natural clay minerals
were air-dried, smashed into pieces by high speed omnipotent pulverizer, and then passed through 100, 200 and
300 mesh successively to get the less than 50-µm size fraction, which exhibits a similar particle size distribution with
natural suspended particulate matter in water.
Particle size, surface morphology, element contents,
BET surface area, pore size distribution and Zeta potentials
of natural clay minerals were characterized by laser particle
size analyzer (Malvern, Mastersizer 2000), scanning electron microscopy (Hitachi, S-3000N), energy dispersive analysis system of X-ray (EDAX, SDD-Apollo), specific surface
area and porosity (Micrometric, ASAP 2000) and zeta potential analyzer (Malvern, Zetasizer 2000), respectively.
Additionally, IR spectrums of natural clay minerals before and after roxarsone sorption were recorded by a Fourier
transform infrared spectrometer (Thermo, Nicolet 8700).

Where C0, Ct and Ce (µg∙L-1) are the liquid phase concentrations of roxarsone at initial, time t and equilibrium,
respectively; V is the volume of the solution (L) and m is
the mass of sorbent used (µg).
The effect of contact time on each sorption was investigated at different time intervals ranging from 5min to 12h
in 250-mL Erlenmeyer flasks with 200mL solutions roxarsone contained. Besides, the temperature was fixed at
289, 299 and 309K, respectively, to investigate its influence on the sorption of roxarsone from water onto clay
minerals. 50 mL of different initial concentrations (from
0 to 2000µg·L-1) of roxarsone was added into 100-mL Erlenmeyer flasks to carry out the experiments. In order to
further understand how solution pH could affect the process
of sorption, the desired pH values from 3.0 to 11.0 were
acquired by using solutions of NaOH and HNO3 with different concentrations. Additionally, three kinds of metal
cations (Ca2+, Mg2+ and Fe3+ ) with different concentrations
(0.1, 0.5, 1 and 5 mM) were applied to investigate the effect
of coexisting metal cations on the sorption. The initial concentration of roxarsone, sorbent dosage, pH value, temperature and reaction time under which all the above experiments were conducted was 100µg∙L-1, 2.0 g∙L-1, 6.0, 299K
and 24 h, respectively, if without specific announcement.

2.2.2 Sorption experiments

3. RESULTS AND DISCUSSION

The sorption experiments were carried out employing
the batch method. All the 100-mL Erlenmeyer flasks containing 2g·L-1 of natural clay mineral and roxarsone solution with prescribed concentration were placed in a shaker
with constant temperature bath. After a period of time, 5ml
of the solution was taken out and centrifuged at 10000 rpm
for 20 min. Then an aliquot of the supernatant solution was
filtered immediately using 0.22 µm filters. Then, the filtered
samples were analyzed using ICP-MS (Agilent, 7500a) and
HPLC-ICPMS for total arsenic concentration and arsenic
species distribution, respectively. All the sorption experiments were conducted in triplicate at each sample and the
average value was used. The amount of sorption qt (µg∙g-1)
at time t and qe (µg∙g-1) at equilibrium were calculated from
the following two equations:

qt 

(C 0  C t )V
m

(1)

qe 

(C 0  C e )V
m

(2)

3.1 Characterization of natural clay minerals

The data determined by laser particle size analyzer and
BET surface area and porosity analyzer was showed in Table 1. It can be seen that more than 90% of all the three
natural clay minerals were less than 36-µm size fraction,
indicating that the grinding and screening process achieve
the purpose of simulating suspended particulate matter in
water. Among the three natural clay minerals, montmorillonite has the largest BET surface area of about 41.710 m2·g-1.
Fig.1. shows the zeta potentials of kaolinite, illite and
montmorillonite particles in water with 0.01 M NaNO3
as background electrolyte. The isoelectric point of kaolinite is at pH 3.4, while both illite and montmorillonite particles have negative zeta potentials in the pH range of 2.0–
12.0. The potentials of the three natural clay minerals decrease with the increase in pH. Among these three natural
clay minerals, illite exhibits a lowest zeta potential at all
pH values tested in this work, while montmorillonite overtakes the rank of kaolinite and shows the highest zeta potential after pH 7.0.

TABLE 1 - Physiochemical properties of clay minerals
Pore volume
Specific surface area
(mL·g-1)
(m2·g-1)
Kaolinite
23.27
0.13
Illite
10.21
3.84
Montmorillonite
41.71
0.09
Note: d(90%) refers to the particle size bigger than that of 90% of sample
Clay minerals
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Average pore size
(nm)
22.72
15.06
8.69

D (90%)
(µm)
35.57
11.66
32.37

Average particle size
(µm)
17.58
5.67
13.99
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FIGURE 1 - Plots of zeta potential of the three clay minerals as a
function of pH in 0.01 M NaNO3 at 298K.

The SEM micrographs of the three clay minerals before and after roxarsone sorption are shown in Fig.2. The
images obtained show that all the three clay minerals possess a layered structure and the morphology did not change
significantly after roxarsone sorption. In order to confirm
whether roxarsone sorption really occurs or not, the
changes of vibration frequency about clay minerals before
and after sorption were determined by the FTIR spectrometry and the results were shown in Fig.3. The major vibration frequency of As-O, located at 800~900 cm-1[12] ,was
so disturbed that cannot be recognized. However, the new
peak appearing at 1530cm-1 which attributes to the bending
vibration of -NO2 can serve as the evidence that roxarsone
was successfully sorbed on the surface of natural clay minerals, for nitro group is one of the representative functional
groups of roxarsone.

FIGURE 2 - SEM micrographs of clay minerals before (a) and after (b) roxarsone sorption.
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FIGURE 3 - FTIR spectra of kaolinite(A), illite(B) and montmorillonite(C) before (a) and after (b) roxarsone sorption.

3.2 Sorption kinetics

To further understand the mechanism of roxarsone
sorption on natural clay minerals, the pseudo-first-order
and pseudo-second-order models were used to fit experimental data obtained from batch experiments.
The two dynamical equations can be described as:

dqt
dt
d qt
dt

 k1(qe  qt )

(3)

 k 2 ( qe  qt ) 2

(4)

Where qe and qt is the amount of roxarsone sorbed
(µg∙g-1) at equilibrium and at time t, respectively. k1 is the
rate constants(h-1) of pseudo-first-order sorption and k2 is
the rate constants(h-1) of pseudo-second-order sorption.
Integration of Eq. (3) and Eq. (4) gives Eq. (5) and
Eq. (6).

qt  qe (1 ekt1 )

(5)

k2 qe2t
1  k2 qet

(6)

qt 

Based on Eq. (5) and Eq. (6), values of k1 and k2 can be
obtained. The values of k1, k2, correlation coefficient, calculated qe,cal, and experimental qe,exp are given in Table 2.
As shown in Fig.4, the process of sorption kinetics began with a rather fast uptake step and then was followed by
a slow stage until the equilibrium state was reached. The
fast uptake step can be interpreted as that roxarsone was
quickly transported to the surface of sorbent under the concentration gradient force and hence roxarsone was quickly
sorbed. After that, internal diffusion and sorption become
the speed –limited factor, and the sorption process slowed
down. It was also observed that all the three sorption almost reached equilibrium within 15h. Therefore, 24h was
long enough for sorption isotherm and other experiments.
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TABLE 2 - Parameters of kinetic model for the sorption of roxarsone on clay minerals
Clay Minerals

Pseudo-first-order model qt=qe(1-e-kt1)
qe,cal(µg·g-1)
k1 (h-1)
R2
38.53
0.990
0.89
20.04
3.153
0.91
16.40
3.086
0.88

qe,exp
(µg·g-1)
40.92
23.24
18.02

Kaolinite
Illite
Montmorillonite

45

500

40
400

30
25

Amount Adsorbed(g/g)

Kaolinite
Illite
Montmorillonite
Pseudo-first-order model
Pseudo-second-order model

35

Amount Adsorbed(g/g)

Pseudo-second-order model qt=k2qe2t/(1+k2qet)
qe,cal(µg·g-1)
k2(µg·g-1h-1)
R2
41.88
0.033
0.90
21.82
0.226
0.93
17.35
0.269
0.93

20
15
10

289K
299K
309K
Freundlich
Linear

A

300

200

100

0

5
0

0

0

5

10

15

Time(h)

20

25

FIGURE 4 - Kinetics for sorption of roxarsone onto clay minerals at
T=299K and C0=100µg·L-1.

3.3 Sorption isotherms

300

Amount Adsorbed(g/g)

Additionally, the pseudo-second-order model, which is
usually used to describe chemisorptions, fitted the experimental data better with higher correlation coefficient values[13]. It could be concluded that the overall roxarsone
sorption process might be controlled by chemical reaction
under the conditions employed in the kinetics investigation.

Freundlich equation:

qe  kFCe1/n

1200

1600

2000

(7)
(8)

Where qe (µg∙g-1) is the solid phase sorbate concentration at equilibrium, Ce is the concentration of sorbate at
equilibrium (µg∙L-1), 1/n is the heterogeneity factor, kL and
kF is the sorption coefficient (L∙µg-1) and Freundlich constant (µg∙g-1)( µg∙L-1)-1/n, respectively.
From Table 3, it can be observed that sorption data fits
Freundlich model very well with all the correlation coefficients above 0.95 on the three clay minerals at all the temperatures studied, probably due to the real heterogeneous

289K
299K
309K
Freundlich
Linear

B

100

0

0

400

800

1200

1600

2000

Equilibrium concentration(g/L)

400

289K
299K
309K
Freundlich
Linear

C
300

Amount Adsorbed(g/L)

qe  kLCe

800

200

The sorption of roxarsone on clay minerals under different temperatures were investigated to obtained the isotherms and the sorption isotherms were obtained using the
batch tests at pH 6.0 under three different temperatures
(289, 299 and 309K). The results were plotted in Fig.5. The
linear model and Freundlich model were employed to fit
the experimental data and constants obtained from the
equations were shown in Table 3.
Linear equation:

400

Equilibrium concentration(g/L)

200

100

0
0

400

800

1200

1600

2000

Equilibriumconcentration(g/L)
FIGURE 5 - Sorption isotherms for roxarsone on kaolinite(A), illite(B) and montmorillonite(C) at different temperatures.
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TABLE 3 - Parameters of sorption isotherm for the sorption of roxarsone on clay minerals
Linear model
(qe=kLCe)

T(K)

Kaolinite
Illite
Montmorillonite

R2
0.94
0.92
0.95
0.90
0.95
0.99
0.98
0.99
0.99

kL
0.062
0.279
0.426
0.013
0.087
0.234
0.016
0.133
0.285

289
299
309
289
299
309
289
299
309

Freundlich isotherm model
（ qe=kFCe1/n）
1/n
0.634
0.532
0.617
0.547
0.790
0.899
0.849
1.212
1.095

nature of the surface sites involved in the roxarsone uptake[14]. As shown in Fig.5, it can be seen that the sorption
increases with the increase in temperature, indicating that
the sorption is an endothermic process in nature [15].
Therefore, the increase of temperature will favor the roxarsone sorption on these three clay minerals.
3.4 Effect of pH

Fig.6. shows the effects of pH on the sorption of roxarsone on kaolinite, illite and montmorillonite, respectively. It can be seen that, the sorption on the three natural
minerals exhibit obvious peaks at pHmax and pHmax occurs
at about 9.0, 5.0 and 5.0, respectively. At pH<pHmax, the
sorption increases with the increase in pH. At pH>pHmax,
the sorption decreases with the increase in pH. To further
understand how pH affects roxarsone sorption, the partition coefficients of components in roxarsone solution under different pH values were calculated based on the pKa
of roxarsone[16] and the results were shown in Fig.8. Roxarsone, 3-nitro-4-hydroxyphenylarsonic acid, can be regarded as a ternary weak acid and possesses three hydrolysates, A, B and C, as described in Fig.7.
The surface of clay mineral is comprised of two types
of charge, the permanent negative charge resulting from

Kaolinite
Illite
Montmorillonite

Amount Adsorbed(g/g)

25
20
15

R2
0.98
0.98
0.99
0.98
0.95
0.99
0.98
0.99
0.99

kF
0.852
7.219
5.744
0.345
0.355
0.479
0.049
0.028
0.148
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FIGURE 7 - The partition coefficients of main components in roxarsone solution under different pH values

isomorphous substitution in clay structures and variable
charge caused by broken bonds around the edges of the silica-alumina units[17]. Isomorphous substitution in the
three clay structures was verified by X-ray energy dispersive experiments. The X-ray energy dispersive analysis
(results not shown) reveals that O, Al and Si are the major
elements in the three clay minerals and the atomic number ratios of the three elements are 57:21:21 for kaolinite,
35:6:12 for illite and 61:6:31 for montmorillonite, respectively, indicating part of Si4+ was substituted by Al3+,
which accounts for the permanent negative charge[18].
Unlike the permanent negative charge, the variable
charge changes with the value of pH and the change mechanism is believed to arise from the reactions of the type
[17]

10
5
0
2

4

6

pH

8

10

12

FIGURE 6 - Effect of pH on the sorption of roxarsone on clay minerals at C0 = 100 µg·L-1, T=299K and clay minerals dosage= 2 g·L-1

This type of reactions indicates that the surface hydroxyl groups will be protonated undetr low pH conditions
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and ionized under high pH conditions. Therefore, from pH
3.0 to pH 5.0, the surface hydroxyl groups will remain the
state of pronation. Meanwhile, the hydrolysate A gradually
substitutes for molecular roxarsone as the main form of
roxarsone as shown in Fig.8. Based on the knowledge[19]
that oxyanions, such as arsenate and phosphate, are usually
observed to be sorbed on clay minerals as inner-sphere surface complexes by ligand exchange, the ligand exchange
between hydrolysate A and the protonated surface hydroxyl groups could account for the incresing sorption on
illite and kaolinite in the pH range of 3.0-5.0. This ligand
exchange reaction can be described by Eq. (9), Eq. (10),
Eq. (11) and Eq. (12).

A

40
35
30

2+

Ca
2+
Mg
3+
Fe

25

(9)

20

0

Amount Adsorbed(g/g)

50

(10)

5

(11)
(12)

B

-

Where HL refers to roxarsone molecule, L refers to
hydrolysate A and ≡SOH refers to solid surface hydroxyl
groups. In the pH range of 3.0-5.0, the surface hydroxyl
groups on the clays remain the state of pronation and positively charged. As shown in Fig. 7., in the same pH range,
roxarsone tends to the transform to the negatively charged
form, i.e., hydrolysate A. The static electronic attraction
between the positively charged surface groups and the negatively species facilitates the sorption and thus sorption increases with the increase in pH in this pH range.
However, at pH>5.0, the protonated surface hydroxyl
groups start to be neutralized to –OH groups and then be
ionized to –O- groups with the further increase in pH.
Meanwhile, the hydrolysates of roxarsone also begin to be
more negatively charged. Given the presence of permanent
negative charge on the face of clay minerals, the contact
between clay minerals and roxarsone was powerfully suppressed by ionic repulsion, leading to a fall-off in the sorption envelope at pH>5.0. Furthermore, the concentration of
OH- in solution starts to rise and the competition from hydroxide ion would also lead to a reduction in roxarsone
sorption[18].
However, when it comes to kaolinite, the roxarsone
sorption continues to increase when the pH exceeds 5.0 and
would not decrease until pH 9.0. The reason of this phenomenon may be that the aggregation degree of kaolinite
particles decreases with increasing pH[20], leading to an
enlarged effective specific surface area that accounts for
the added roxarsone sorption, whereas the value of pH exerts less influence on the aggregation degree of illite and
montmorillonite particles. The reason that roxarsone sorption on kaolinite decreases after pH 9.0 is similar to that of
illite and montmorillonite as discussed above.
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FIGURE 8 - Effects of metal cations on the sorption of roxarsone onto
kaolinite(A), illite(B) and montmorillonite(C) at C0 = 100 µg·L-1,
T=299K and adsorbent dose = 2 g·L-1.

3.5 Effect of coexisting metal cations

Metal cations, such as Ca2+, Mg2+ and Fe3+, are generally present in natural water and may affect the roxarsone
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sorption. Thus, the effect of these three metal cations on
the roxarsone sorption was assessed and the results were
shown in Fig.8. Obviously, all the three metal cations exert
significant influence on the sorption. Ferric ion significantly promotes the sorption of roxarsone on all the three
natural clay minerals. The roxarsone sorption capacity is
improved sharply when the concentration of ferric ion is
lower than 0.1mM and reaches the maximum value at
0.1mM. Subsequently, the roxarsone sorption capacity
keeps invariant. However, divalent calcium ion and divalent magnesium ions exhibit an inhibitory effect of roxarsone sorption, especially when montmorillonite was added
as sorbent.

A possible mechanism that may explain why Fe3+
could promote the roxarsone sorption is bridging complexation, in which anionic or polar functional groups( phenolic
hydroxyl group ) become bound to a metal cation sorbed
by a negatively charged mineral surface, forming an innersphere surface complex[19]. This inner-sphere surface
complex depends significantly on the electron distribution
of both the surface functional group and the complexed ion
and thus can be stable for a long time. Compared to Ca2+
and Mg2+, whose ionic radius are 0.100nm and 0.072nm,
respectively, Fe3+ possesses a much lower ionic radius,
which is 0.065nm [19]. Thus the charge density of Fe3+ is
much stronger than that of Ca2+ or Mg2+. As a result, Fe3+
is able to serve as bridging role when forming ternary complexes and a possible sorption mechanism was followed as

However, Ca2+ or Mg2+ at most might be able to form
outer-sphere surface complexes, which involve electrostatic bonding mechanisms and thus are less stable than inner-sphere surface complexes formed by Fe3+. However,
the reason why Ca2+ and Mg2+ inhibit the roxarsone sorption remains unknown.
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ABSTRACT

1. INTRODUCTION

Identifying probable threats and trying to remove them
in order to preserve the values of national parks, form the
basis of national park management strategies. While determining management strategies, it is essential to identify
which features the fields possess and to take protection-utilization decisions accordingly. It is necessary to provide
accurate protection-utilization balance in national park areas especially where human impact is tried to be taken under control. Küre Mountains National Park is one of the
100 Forest Hot Points to be preserved in Europe and it is
the 1st area in Turkey and the 13th in Europe being at the
quality of a protected area taking the PAN (Protected Area
Network) Parks certificate. Through this study, in what directions the effects of visitors to the area are identified and
probable preventions are tried to be described by regarding
the views of all stakeholders (visitors, specialists, administrations and local people) in order to balance the supply
and demand of tourism and recreational activities on Küre
Mountains National Park and to minimize the negative effects. Moreover, the relation between the impacts of resource values and visitor attitudes is examined in order to
form an appropriate management model. In this study, a
total of 350 surveys are held. The SPSS 16.0 programme is
used in input and assessment processes. The data is evaluated through ANOVA, factor analysis and regression analysis. It is identified that the most significant visitor impacts
are on water and air qualities. Also the results showed that
the most significant preventions to be taken in order to
avoid visitor impacts on vegetation, fauna, air quality, soil
quality, historical and cultural values are nature protection
and information activities.

KEYWORDS:
Visitor impact, visitor management, Küre Mountains National Park

Using the protected areas for the purposes of recreation
and tourism may cause negative effects such as topsoil jam,
the reduction of vegetation, transformations in wildlife attitudes, environmental pollution, noise, forest fires etc. depending on the sensitivity of the area and the intensity of
use. When these effects cannot be identified accurately and
administered well, it causes devastation in resource values
of the area [1-6].
The usage of the area without losing its source values,
removing and/or minimizing the negative effects and
providing the maximum usage without any negative effects
to the economy and the culture of the local people by trying
to keep the visitor satisfaction at the highest level should
be the aims of the recreational and touristic usage of protected areas.
Arranging this relation in protected natural areas
which are sensitive and of special quality, that is to balance
the recreational demand and supply and minimizing negative effects are only possible with making visitor management programmes, knowing visitor capacities and pursuing
regularly [4].
In the long-term development plan prepared for Küre
Mountains National Park, a planning decision as the following occurred “Küre Mountains National Park is significant in international area as well as its national significance considering its resource values and this area must utterly be preserved in planning and management. Any activities that can destroy the ecologic structure of the area
must be avoided” [7]. Moving from this planning decision,
“Visitor Impact Management” model, one of the models
that administrators can implement in decision making stage
in order to minimize visitor impacts through recreation/tourism activities in natural areas which are in protection status, has been applied to Küre Mountains National
Park sample and the identification of the usages that cause
the problem, development of solutions and identification of
management strategies have been aimed. It is thought that
the data obtained at the end of the study would be directive
in generating visitor management strategies in Küre Mountains National Park area.
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2. VISITOR MANAGEMENT
In protected areas where it is a necessity to investigate
both the social and biophysical factors affecting resource capacity, the balancing of visitor usage and providing resource
protection are still continuing problems [8]. The effective
visitor management process in the solution of this problem
functions as the following: defining values, evaluating potential visitor effects, develop an appropriate management
model in order to balance visitor usage and finding and pursuing solutions against the impacts on resource protection.
Today, spatial based planning instruments such as geographical information systems are used in order to provide an effective visitor management [9, 10].
Systematic observation is very significant in visitor
management process. For example, researchers studying
on dolphin attitudes in Kaikoura have recommended management suggestions such as limiting the visiting hours and
the number of visitors in order to reduce the negative effects of visitors on dolphins. They have arranged training
courses to tourist guides and owners of private boats in order to explain and pursue these restrictions. In New Zealand, many areas have reached high visitor levels with the
increase in tourism for the last 20 years. New buildings
have been constructed in order to balance this increase.
However, new buildings have constituted negative effects
on touristic areas both ecologically and visually. Waitomo
Caves are a good example of high physical and social visitor impact management in a symbolic and fragile environment. It is identified that as there were lots of visitors in the
past, there were some problems in arranging the physical
environment of caves, providing the continuity of the ecosystem in the caves and qualified visitor experiences. Today, on the contrary, cave visits are managed well and visitor groups not more than 50 people visit the area in 1-hour
tours. There are some restrictions in the visiting hours and
number of visitors in order to keep the carbon monoxide
levels at the desired level [10].
Visitor management should always be in relation to the
management targets. Inventory and analysis processes
should identify the reasons of the effects so that more detailed survey and observation can be carried out. Visitor
management is traditionally based on the perceptions and
comments of local administrators and are conducted by the
legislation in force or institution policy as is in national
park management programmes. The participation of stakeholders is possible in reviewing related targets, choosing
the key monitoring indicators and standards and including
them to related management strategies.
The Visitor Impact Management (VIM) approach is one
of the methods which makes the participation of stakeholders possible in the management of protected areas, especially
in the management of visitor impacts management.
2.1. Visitor Impact Management

Visitor impact management is a model which is commonly
used in the management of protected areas and imple-

mented in the stages of identifying the negative effects of
especially the visitors in protected natural areas and making decisions in the solutions. Visitor impact management
is implemented through applying a series of methods such
as design based solutions, timing mechanisms, training and
attitude management. Visitor impact management basically majors on the following:


Existing conditions causing the problem



Probable factors causing the problem



Probable management strategies actions

Probable factors causing the problem are evaluated in
three groups as physical, biological and social factors [1, 9,
11-13].
It is essential to include the interest groups such as visitors, local people, representatives of civil society organizations, academicians and administrators of the area in order for the management plans to be prepared for natural
areas with the protection status to be effective and efficient
and to provide the sustainability of the area [12]. Although
the Visitor Impact Management process is intended for
identifying manager expectations rather than visitor opinions, the participants can easily be included in management
processes and it is also an easier process to be implemented.
Visitor impact management comprises of the following processes [1, 10]:


Determining resource values



Identifying visitor impacts



Determining preventions that can be developed in
order to prevent visitor impacts



Identifying factors affecting the visitor attitudes



Determining management strategies



Application



Observation

Visitor impact management model is effectively used
in revealing present effects of the visitors rather than their
potential effects and in developing solutions. The variety
of interest groups in the model, in which the participant approach is supported and used, is a significant factor in determining the effects accurately.
3. MATERIAL AND METHOD
3.1 Material

The concept of carrying capacity, which has appeared
with the meaning of providing the sustainability of protected
natural areas and has become one of the basic data for management programme decisions, has developed in time and
emerged as different recreation and tourism area visitor
management models as the following: Recreational Opportunity Spectrum (ROS), Limits of Acceptable Changes
(LAC), Visitor Activities Management Process (VAMP),
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Visitor Impact Management (VIM), Visitor Experience
and Resource Protection (VERP), Carrying Capacity Assessment Process (C-CAP) [9], [14]. Küre Mountains National Park is chosen as the study area in order to investigate Visitor Impact Management (VIM) model among
these approaches.
During the study, written, drawn and visual data related to the topic in Küre Mountains National Park, observations and examinations on the area and also the results of
surveys on the area are used in order to obtain up-to-date
data about the research area and to give direction to the
method of the study.
3.1.1 The Study Area

Küre Mountains National Park is located in Western
Black Sea Region, in the borders of the cities Kastamonu
and Bartın (Figure 1). The surface area of Küre Mountains
National Park is 37.375 hectares and the buffer zone
around it is 134.366 hectares [15].
Kastamonu-Bartın Küre Mountains National Park was
accepted as one of the 100 forest hot points to be protected
by the World Wide Fund for Nature (WWF) in 1998 while
it was declared as a national park in 2000. It is Turkey’s

first national park joining the PAN (Protected Areas Network) Parks network [7, 16, 17].
With the natural, cultural and recreational resource values, Kastamonu-Bartın Küre Mountains National Park is
characterized as a significant protected area in regional and
territorial scale. While the height of it varies between 0-1300
meters, it is within the highest national parks. It is Turkey’s
one of the richest areas with the karst formations of various
sizes such as caves, canyons, straights, the dolins and sinkhouses. There are lots of rivers, streams and seasonal creeks
with a direction of north-south flow in the area [17].
Kastamonu-Bartın Küre Mountains National Park
owns untrodden humid, karst natural old-growth forests
rarely found in the world, forest remains and rich herbaceous and woody vegetation. Having also been certificated
as a significant plant area, the National Park is rich in terms
of zoology and avifauna (bird species). Besides, the area
has reached today without losing too much of its cultural
values such as some village houses preserving their original architectural texture, traditional colorful clothes
women still use in their daily lives and handicrafts. Festivals held in summer time also keep alive the chrominance
of socio-cultural life [18].

FIGURE 1 - Küre Mountains National Park Location Map (Source: Map data _2015 Google)
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3.2 Method

In this study, Visitor Impact Management (VIM)
model, which has been developed in order to identify visitor impacts on protected areas and to form data base for
management programmes, is taken as a base and a suitable
model has been developed in order to identify visitor impacts on Küre Mountains National Park and to define preventions that can be taken. The stages of this model are as
the following:
1. Determining resource values
2. Identifying visitor impacts
3. Identifying preventions to reduce effects
4. Forming management strategy
In the first stage, natural, cultural and recreational resource values in the study area have been identified. It is
essential to take into consideration the requests of visitors
and users of this area in the management programme to be
prepared for Küre Mountains National Park. Moreover, as
the second stage, 200 surveys with visitors, 50 surveys with
forest engineers, landscape architects, urban and region
planners, environmental engineers and agricultural engineers specialized in their fields, 50 surveys with area administrators such as Provincial Directorate of Environment
and Urbanization, forest district offices and culture and
tourism directorate and 50 surveys with the local people
have been applied in order to assess the problems of the
area from the point of view of the users of the area, to identify indicators such as waste products-garbages, erosion,
crowding and visitor conflicts and to carry out solution proposals with a participant approach. It is not known the exact number of visitors to the area in a year as the entrances
to the area cannot be recorded. Therefore, the population
of Kastamonu is based on while accounting the number of
surveys supposing that the people of Kastamonu were the
potential visitors of the area. According to the results of the
address-based cencus held in 2013, it has been declared
that the population of Kastamonu is 368.098 and the population of the city center of Kastamonu and its districts is
201.045 [19]. The number of the surveys to be applied has
been determined with 5% error margin and the survey has
been conducted according to the simple random sampling
method [20].
The survey sheet is composed of questions about the
profiles of the test subjects, conceptual approaches, tendencies towards the usage of the park, requests and opinions
about the management of the park, the levels of the usage
impacts on the park and approaches to identify the preventions and the attitudes of visitors to the area.
Open-ended questions are tried not to be used in the
survey. Instead, Likert scale is used in questions in order
for the people who answer the questionnaire to answer it
easily and in order to assess the results in a healthy way.
The results of the survey have been assessed in SPSS scale.
The Likert scale located in the survey questions and measured variables are subjected to validity and reliability analysis. Cronbach’s Alpha test statistics is used in validity and

reliability. The resource values in Küre Mountains National Park area are grouped as vegetation, fauna, water assets, structure of the field, cultural, historical and visual
features. The impacts of visitors on these features are tried
to be assessed from the point of view of visitors, specialists,
area administrators and local people. The method used by
Wang and Miko (1997) [21] and Demir (2001) [22] in their
studies has been based on while evaluating. In this method,
the evaluation is as the following: 1= Very Significant Impact, 2= Significant Impact, 3=Moderate Impact, 4=Little
Impact, 5= No Impact. The arithmetic average of the data
is taken and it is admitted that impacts and precautions
closer to 5 have the least environmental impact and choice
while those closer to 1 have the most negative environmental impact and prevention choices. Moreover, ANOVA
analysis is held and it is examined whether the stakeholders
have different opinions or not. The significance level is
evaluated according to 0.05 level and it has been identified
that there are significant differences between the views of
stakeholders in impacts and preventions which have lower
significance values than 0.05. Factor analysis has been applied to resource values in order to find out the severity of
visitors effects among each other and to identify the most
affected resource value. Varimax choice is used in factor
analysis and the data self-worth of which are above 1 (Eigenvalue > 1) have been evaluated. Besides, anti-image,
coefficients and KMO and Barlett’s Test of Sphericity
choices have been used in order to determine the appropriacy of factor analysis. Regression analysis has also been
used in order to identify the relation between visitor attitudes and impacts on the area. The models used by Hair
et.al (2006) [23], Bertan (2006) [24], Gönen (2008) [25],
Yılmaz et.al. (2009) [26] and Xie et.al. (2014) [27] in their
studies have been made use of in these assessments and a
model suggestion has been developed in order to identify
the impact and attitudes of visitors.
4. RESULTS
The survey has been conducted to four different users
of the area (visitors, administrators of the area, specialists
and local people) in order to identify the impacts of visitors
coming to Küre Mountains National Park for recreational
and tourism purposes, to reveal the problems, expectations
and needs of visitors about the area, to determine the impact indicators and preventions and to identify the impacts
determining the visitor attitudes. First, reliability analysis
has been implemented by conducting the survey to 50 people. The reliability of the survey questions has been identified after the preliminary survey study and has been conducted to area stakeholders. The survey results have been
evaluated separately for each group.
4.1. Identifying Problems and Preventions

The views of stakeholder groups (visitors, local peole,
specialists and administrators) have been asked in order to
identify the impacts of visitors to the resource values of
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Küre Mountains National Park with tourism and recreational activities and preventions to be taken. When the
stakeholder groups are asked about the type of visitor impact to the vegetation, one of the resource values of Küre
Mountains National Park, all stakeholder groups have
identified that the most important impact originates from
forest fires (avg=1.19). Picking, crushing and collecting
the plants is another significant factor affecting the vegetation in the area other than forest fires (avg=1,4). When
it is examined whether there are differences among the
views of stakeholders about the factors affecting vegetation, it is observed that stakeholders have the same opinions on many factors but administrators have different
views on picnic activity just in terms of significance levels (sig=0,02 (according to 0,05 significance level)).
Compared to other groups, administrators group has identified that picnic activity does not have a high effect on
vegetation (Table 1).
When the stakeholder groups have been asked about the
probable preventions to be taken in order to reduce the negative effects of visitors on vegetation, it has been identified

that nature protection and information activities are the most
significant preventions (avg=1,39). Including local people to
protection efforts (avg=1,49) and planting activities
(avg=1,54) have been specified among other preventions
that can be taken. Stakeholder groups have different opinions on planting activities (sig=0,00), financial fund raising
(sig=0,01), planned spatial arrangement studies (sig=0,05)
and spatial carrying capacity controls (sig=0,03). According
to 0,05 significance level, local people have found these preventions more important than the other groups (Table 2).
When the types of impacts that visitor activities have
on fauna, the effect of forest fires (avg=1,32) has been
identified as the most significant type of impact (Table 3).
Hunting (avg=1,45) has been identified as the second most
significant factor affecting fauna. In terms of significance
level, activities such as noise, frightening, disturbing
(sig=0,041) and vehicle access and usage (sig=0,016) have
been valued as less significant impacts by local people
when compared to other groups (Table 3).

TABLE 5 - Types of Visitor Impacts on Vegetation

Type of Impact

Picking, crushing and collecting of
plants
Forest fires
Vehicle access and usage
Pedestrian access
and usage
Picnic activity
Sports and games activities

Visitor
(N=200)
N
Avg

Specialist
(N=50)
N
Avg

Group
Public
(N=50)
N
Avg

Administrator
(N=50)
N
Avg

Total
(N=350)
N
Avg

200

1,41

50

1,3

50

1,6

50

1,28

350

1,4

2,285 ,079

200
200

1,17
1,78

50
50

1,28
1,84

50
50

1,08
1,94

50
50

1,28
1,8

350
350

1,19
1,81

2,532 ,057
,556 ,645

200

1,82

50

1,98

50

1,96

50

1,94

350

1,88

,681

200
200

1,87
2,01

50
50

1,82
2,14

50
50

1,94
2,06

50
50

2,32
2,26

350
350

1,94
2,07

3,321 ,020
1,031 ,379

F

Sig.

,564

TABLE 6 - Preventions to reduce the visitor impacts on vegetation

Type of Impact

Including local people to protection efforts
Planting activities
Nature protection and information activities
Financial fund raising
Planned spatial arrangement studies

Visitor
(N=200)
Avg.

Specialist
(N=50)
Avg.

Public
(N=50)
Avg.

Administrator
(N=50)
Avg.

Total
(N=350)
Avg.

F

1,55

1,34

1,36

1,52

1,49

2,236 ,084

1,49

2

1,36

1,5

1,54

8,952 ,000

1,41

1,32

1,38

1,38

1,39

,281

2,3
1,76

2,48
1,56

1,88
1,4

2,6
1,8

2,31
1,69

5,462 ,001
4,324 ,005

Sig.

TABLE 7 - Types of Visitor Impacts on Fauna
Visitor (N=200)
Avg.
Hunting
1,52
Noise, frightening
1,66
Vehicle access and usage
1,89
Pedestrian access and usage 2,06
Forest fires
1,28
Picnics
2
Sports and games activities 2,13

Type of Impact

Specialist (N=50)
Avg.
1,2
1,4
1,68
2,1
1,34
1,82
2,26

Public (N=50)
Avg.
1,48
1,74
2,08
2,04
1,46
1,98
2
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Administrator (N=50)
Avg.
1,38
1,46
1,62
1,9
1,34
2,1
2,4

Total (N=350)
Avg.
1,45
1,6
1,85
2,04
1,32
1,98
2,17

F

Sig.

2,402
2,780
3,478
,476
1,232
,842
1,767

,067
,041
,016
,699
,298
,472
,153

,839
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TABLE 8 - Preventions to Reduce Visitor Impacts on Fauna

Type of Impact

Production and cultivation activities
Increasing prohibitions
Nature protection and information activities
Financial fund raising
Control of spatial transportation capacities
Financial or operational punishment
Raising awareness of local people

Visitor
(N=200)
Avg.
1,63
1,57

Specialist
(N=50)
Avg.
1,66
1,36

Public
(N=50)
Avg.
1,52
1,52

Administrator
(N=50)
Avg.
1,56
1,36

Total
(N=350)
Avg.
1,61
1,5

1,47

1,3

1,48

1,28

1,42

2,109 ,099

2,32

2,52

1,96

2,56

2,33

4,126 ,007

2,02

1,72

1,7

1,8

1,9

3,503 ,016

1,92
1,69

1,78
1,42

1,76
1,54

1,84
1,66

1,86
1,63

,676 ,567
2,105 ,099

F

Sig.

,449 ,718
2,252 ,082

TABLE 9 - Types of Visitor Impacts on Air Quality
Type of Impact

Exhaust gases of vehicles
Destruction of vegetation
Forest fires
Barbecuing or making fire
Littering the environment
Bare topsoil

Visitor (N=200)
Avg.
1,57
1,44
1,28
1,56
1,29
1,75

Specialist (N=50)
Avg.
1,52
1,34
1,24
1,66
1,34
1,82

Public (N=50)
Avg.
2,04
1,68
1,24
2
1,44
1,6

Administrator (N=50)
Avg.
1,56
1,42
1,34
1,46
1,4
1,84

Total (N=350)
Avg.
1,63
1,45
1,27
1,62
1,33
1,75

F

Sig.

4,570
2,269
,339
4,296
1,031
,899

,004
,080
,797
,005
,379
,442

TABLE 10 - Measures to Reduce the Visitor Impacts on Air Quality

Type of Impact

Planting activities
Increasing prohibitions
Nature protection and information activities
Financial fund raising
Covering topsoil with grass and groundcovers
Financial or operational punishment
Making local people conscious
Control of spatial transportation capacities

Visitor
(N=200)
Avg.
1,44
1,58

Specialist
(N=50)
Avg.
2,02
1,6

Public
(N=50)
Avg.
1,32
1,42

Administrator
(N=50)
Avg.
1,68
1,48

Total
(N=350)
Avg.
1,54
1,54

1,44

1,38

1,42

1,52

1,44

,429

,732

2,39

2,66

1,88

2,32

2,35

5,451

,001

1,86

2,1

1,58

1,94

1,87

3,571

,014

1,92
1,64

1,84
1,42

1,68
1,54

1,8
1,58

1,86
1,59

1,160
1,447

,325
,229

1,97

1,76

1,5

1,74

1,84

5,303

,001

When preventions for reducing the negative effects of
visitors to fauna are examined, it has been identified that
nature protection and information activity (avg=1,42) is the
most significant one (Table 4). Increasing the prohibitions
(avg=1,50) has also been prioritized among measurements
that can be taken. While local people evaluate financial
fund raising more important compared to other groups, the
control of spatial carrying capacity is evaluated less significant by visitor group when compared to other groups. It
has been identified that stakeholders do not have different
opinions on the other types of preventions according to the
0,05 significance level (Table 4).
When the visitor impacts affecting the air quality of the national park is examined, it has been identified that stakeholders state forest fires as the cause (avg=1,27). Moreover, littering the environment (avg=1,33) and destroying
the vegetation (avg=1,45) have been defined as other sig-

F

Sig.

10,977 ,000
,956
,414

nificant impacts affecting air quality. According to the 0,05
significance level, there have been identified differences
between the views of stakeholders on the visitor activities
affecting air quality. Local people rather than other groups
have stated that the exhaust gases of vehicles (sig=0,004)
and barbecuing or making fire (sig=0,005) have less impact
on the quality of air (Table 5).
When preventions to reduce negative impacts of visitors
on air quality are observed, it has been identified that nature
protection and information activities are viewed as the most
significant preventions by stakeholders (avg=1,44). Planting
activities (avg=1,54), increasing prohibitions (avg=1,54)
and making the local people conscious (avg=1,59) are
among the significant measurements that can be taken.
While planting activity is assessed as a less significant prevention by specialists when compared to other groups
(sig=0,000), financial fund raising (sig=0,001), covering
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topsoil with grass, groundcovers etc. (sig=0,014) and control
of spatial transportation capacities (sig=0,001) have been assessed as more significant measures by local people when
compared to other groups (Table 6).
One of the other significant resource values of Kure
Mountains National Park is water springs. When the impact
of visitors on these resources is examined, the stakeholders
state that the sewage is uncontrolled (avg=1,29). Moreover,
littering the environment (avg=1,39) and the irregular and
overuse of water springs (avg=1,41) have been identified
among significant factors affecting water springs of the area.
When stakeholders are evaluated in terms of significance
levels, it is determined that there are not significant differences between the opinions on the visitor impacts on water
springs (according to 0,05 significance level) (Table 7).
When preventions that can be taken to reduce the negative effects of visitors on water springs are examined, it
has been determined that all stakeholder groups find sewage and putting solid waste and residue out of parks as the
most significant prevention (avg=1,41). Nature protection
and information activities are also taken over as another
prevention to be taken (avg=1,46). It is identified that there
are different opinions among stakeholders about financial
fund raising to be taken as a prevention (sig=0,000). Local

people define financial fund raising as a more significant
prevention when compared to other groups (Table 8).
Maintaining solid quality matters a lot in terms of
maintaining values in the land. When the activity of visitors which has the most impact on solid quality is examined, it has been determined that littering the environment
(avg=1,39) has the most effect. Destruction of vegetation
is also evaluated among the significant effects (avg=1,41).
It is identified that there are not important differences between the opinions of stakeholders while the factors affecting solid quality are assessed (Table 9).
When the preventions to reduce the effect of activities
that have negative impacts on soil quality are observed, nature protection and information activities are identified as
the most significant preventions (avg=1,44). Putting solid
wastes and residues out of the park is determined as the
second most important measurement (avg=1,49). According to the 0,05 significance level, there are significant differences between the opinions of stakeholders on planting
activities (sig=0,000) and financial fund raising (sig=
0,000). While the specialist group evaluates planting activities as a less significant prevention compared to other
groups, financial fund raising is evaluated as a more significant prevention by local people (Table 10).

TABLE 11 - Types of Visitor Impacts on Water Quality

Type of Impact

Visitor (N=200) Specialist (N=50) Public (N=50)

Avg.
Destruction of vegetation
1,53
Uncontrolled sewage
1,3
Fishing
1,78
Irregular and overuse of water springs 1,42
Littering the environment
1,38
Modifying natural terrain
1,62
Dish washing with detergent or soap 1,52

Avg.
1,46
1,14
1,64
1,24
1,34
1,48
1,4

Avg.
1,5
1,4
1,66
1,54
1,42
1,58
1,42

Administrator
(N=50)
Avg.
1,42
1,28
1,74
1,44
1,46
1,72
1,5

Total (N=350)
Avg.
1,5
1,29
1,73
1,41
1,39
1,61
1,48

F

Sig.

,415
1,907
,678
1,823
,360
,910
,492

,742
,128
,566
,143
,782
,436
,688

TABLE 12 - Preventions to Reduce Visitor Impacts on Water Quality

Type of Impact

Increasing prohibitions and maintaining
control
Nature protection and information activities
Financial fund raising
Putting sewage and solid waste out of
park
Financial or operational punishment

Visitor
(N=200)
Avg.

Specialist
(N=50)
Avg.

Public
(N=50)
Avg.

Administrator
(N=50)
Avg.

Total
(N=350)
Avg.

F

1,58

1,5

1,38

1,56

1,53

1,152 ,328

1,48

1,32

1,4

1,58

1,46

1,726 ,161

2,33

2,72

1,82

2,32

2,31

6,816 ,000

1,41

1,32

1,52

1,36

1,41

,962

1,94

1,82

1,7

1,92

1,89

1,094 ,352

Sig.

,411

TABLE 13 - Types of Visitor Impacts on Soil Quality
Visitor (N=200)
Avg.
Destruction of vegetation
1,39
Vehicle or pedestrian access or use 1,94
Littering the environment
1,4

Type of Impact

Specialist (N=50)
Avg.
1,48
1,8
1,4

Public (N=50)
Avg.
1,44
1,98
1,32
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Administrator (N=50)
Avg.
1,38
1,78
1,46

Total (N=350)
Avg.
1,41
1,9
1,39

F

Sig.

,444 ,722
,803 ,493
,392 ,759
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TABLE 14 - Preventions to Reduce Visitor Impacts on Soil Quality

Type of Impact

Planting activities
Increasing prohibitions and maintaining
control
Nature protection and activities
Financial fund raising
Covering topsoil with grass, grand covers, etc.
Putting solid waste and residues out of
park
Financial or operational punishment

Visitor
(N=200)
Avg.
1,48

Specialist
(N=50)
Avg.
2,02

Public
(N=50)
Avg.
1,36

Administrator
(N=50)
Avg.
1,68

Total
(N=350)
Avg.
1,57

1,57

1,58

1,4

1,52

1,54

,933

1,48
2,35

1,36
2,66

1,36
1,8

1,44
2,38

1,44
2,32

,787 ,502
6,456 ,000

1,8

1,82

1,58

1,7

1,76

1,172 ,320

1,52

1,44

1,56

1,34

1,49

1,165 ,323

1,87

1,84

1,76

1,96

1,86

,456

,713

F

Sig.

,958
1,458
1,244
,564

,413
,226
,294
,639

F

Sig.

9,808 ,000
,425

TABLE 15 - Types of Visitor Impacts on Visual Quality
Visitor
(N=200)
Avg.
Destruction of vegetation and fauna 1,37
Topsoil jam and bare soil
1,65
Spatial carrying capacity excess
1,79
Littering the environment
1,31
Vehicle or pedestrian access and
1,97
use

Type of Impact

Specialist
(N=50)
Avg.
1,3
1,68
1,56
1,22

Public
(N=50)
Avg.
1,22
1,44
1,8
1,26

Administrator
(N=50)
Avg.
1,32
1,7
1,84
1,24

Total
(N=350)
Avg.
1,33
1,63
1,77
1,28

1,86

1,72

1,68

1,88

2,126 ,097

TABLE 16 - Preventions to Reduce the Visitor Impacts on Visual Quality

Type of Impact

Visitor
(N=200)
Avg.
1,4
1,58
1,42
2,27

Planting and increasing wildlife activities
Increasing prohibitions
Nature protection and information activities
Financial fund raising
Covering bare area with grass and groundcovers,
1,78
etc.
Putting the wastes and residues like sewage and
1,42
litter out of the park
Financial and operational punishment
1,82

Specialist
(N=50)
Avg.
1,66
1,62
1,44
2,6

Public
(N=50)
Avg.
1,26
1,34
1,34
1,8

Administrator
(N=50)
Avg.
1,58
1,4
1,5
2,3

Total
(N=350)
Avg.
1,44
1,52
1,42
2,25

1,8

1,46

1,92

1,76

2,921 ,034

F

Sig.

4,573
2,232
,589
5,300

,004
,084
,623
,001

1,2

1,38

1,32

1,37

1,976 ,117

1,86

1,58

1,84

1,79

1,324 ,266

Vegetation, fauna, terrain and water spring in the study
area provide diverse landscapes in different times. The visually high quality of the land is negatively affected with
different activities of visitors. Littering the environment is
defined as the most significant factor affecting the visual
quality (avg=1,28). Destruction of vegetation and fauna
(avg=1,33) has been determined as the second most important impact. It has been identified that stakeholders have
the same opinions on factors affecting the visual quality
according to the 0,05 significance level (Table 11).
The stakeholders have stated that the damage formed
in visual quality by littering the environment can be
avoided with putting the sewage, wastes, etc. out of the
park (avg=1,37). Moreover, nature protection and information activities (avg=1,42) and planting and increasing
wildlife activities (avg=1,44) have been put forth as other
preventions that can be taken. It has been identified that

there are significant differences in the opinions of stakeholders about the preventions such as planting and increasing wildlife activities (sig=0,004), financial fund raising
(sig=0,001) and covering bare areas with grass and groundcovers (sig=0,034). These three preventions are found
more significant by local people when compared to other
groups (Table 12).
There are archeological protected areas and samples of
traditional architectural constructions in Küre Mountains
National Park. The most significant visitor impacts on
these resource values have been identified by stakeholders
as vehicle access and usage (avg=1,62), spatial carrying capacity excess or crowd (avg=1,62). It has been determined
that there are significant differences in the opinions of
stakeholders on spatial carrying capacity and the local people do not attach such importance to this factor as the other
groups (sig=0,013) (Table 13).
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TABLE 17 - Types of Visitor Impacts on Historical and Cultural Features
Visitor (N=200)
Avg.
Vehicle access
1,66
Spatial Carrying capacity Excess 1,69
Vandalism
1,78

Type of Impact

Specialist (N=50)
Avg.
1,46
1,4
1,48

Public (N=50)
Avg.
1,72
1,78
1,66

Administrator (N=50)
Avg.
1,54
1,42
1,7

Total (N=350)
Avg.
1,62
1,62
1,71

F

Sig.

1,342 ,261
3,631 ,013
1,715 ,164

TABLE 18 - Preventions to Reduce Visitor Impacts on Historical and Cultural Features

Type pf Impact

Increase of prohibitions by the administration
Nature protection and information activities
Limiting vehicle access
Financial or operational punishment
Visitors’ warning each other

Visitor
(N=200)
Avg.

Specialist
(N=50)
Avg.

Public
(N=50)
Avg.

Administrator
(N=50)
Avg.

Total
(N=350)
Avg.

F

Sig.

1,67

1,64

1,56

1,62

1,64

,352

,787

1,56

1,42

1,56

1,5

1,53

,654

,581

2,01
2
1,68

1,72
2,08
1,82

1,74
1,84
1,58

1,8
1,94
1,7

1,9
1,98
1,69

2,453 ,063
,699 ,553
,926 ,428

TABLE 19 - The Evaluation of Stakeholder Attitudes

Feature

Visitor (N=200) Specialist (N=50) Public (N=50) Administrator (N=50)

Avg.
Level of Satisfaction
2,46
The frequency of arrivals to the area 3,22

Avg.
2,52
3,28

Avg.
2,30
2,88

Avg.
2,38
2,94

Total
(N=350) F
Sig.
Avg.
2,43
,768 ,512
3,14
2,766 ,042

It has been determined that visitor impacts on historical and cultural features can be avoided with nature protection and information activities (avg=1,53) with the common views of stakeholder groups according to the 0,05 significance level (Table 14).

test results (p<01) also show that the data has normal distribution. The evaluation has been carried out over 5 factors
as it is determined that there are not any changes in the data
following 5 values in eigenvalues distribution graph (Figure 2).

When the satisfaction level of stakeholders of Küre
Mountains National Parks about the land is evaluated, it
has been identified that their satisfaction levels are adequate. There are not significant variations between the satisfaction levels of stakeholder groups according to the 0,05
significance level (Table 15).

Five independent factors explain 60,009% of the total
variances. In order to obtain interpretable and meaningful
factors, converted factor matrix is used. A variable is
closely related to the factor under which it has the great
weight as the absolute value. The factor weight should be
0,030 and over for 350 and more number of data. Weight
0,50 and over are accepted as pretty good [23], [28]. For
this reason, variables having less than 50% factor loadings
have been removed from the analysis process while making the factor analysis.

When the frequency of arrivals of Küre Mountains National Park stakeholders to the area is observed, it has been
determined that they do not come to the area very often but
the frequency of their arrival is once or less in a year. According to the 0,05 significance level, there is a significant
difference between the frequency of arrivals to the area
among the stakeholders and the local people come to the
area more often than the other groups (Table 15).
4.2 Classifying the Visitor Impacts on Resource Values

Factor analysis is held in order to classify visitor impacts on Küre Mountains National Park. Visitor activities
affecting the area are divided into variables through resource values. Whether these variables are suitable for factor analysis or not is firstly evaluated with Kaiser-MeyerOlkin (KMO) and Bartlett tests. According to the test results, KMO test is 86% (very good), the number of data is
adequate and it is appropriate for factor analysis. Bartlett’s

The explanation rate of total variation is 0,60 and
p<0.001; Kaiser-Meyer-Olkin sample value is 0.86. Variation percentage defined by the first factor is 30,018 and the
factor representing water springs of Küre Mountains National Park is expressed with seven variables. The second
factor is expressed with four variables representing the
vegetation and has a 12,648% explanation rate. The third
factor is defined as air quality and the variation percentage
it defines is 7,091. The third factor is expressed with five
variables. The fourth factor defines 5,715 variation percentage and is defined with five variables representing visual, historical and cultural resource values. The fifth factor
represents fauna with four variables while it has 4,538 variation percentage (Table 16).
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When the visitor impacts on resource values are assessed, it has been identified that the average of the third
factor representing air quality (1,46) is closer to 1 when
compared to other factor averages. This situation reveals
that the levels of visitor impacts on air quality are more
significant than the other resource values. Then, water
springs with the 1,48 average value, visual, historical and
cultural resource values with the 1,7 average value, vegetation with 1,93 average value and lastly fauna with 2,01
average value are regarded significant, respectively. (1 is
the most significant impact, 5 is the insignificant impact)
(Table 16).
4.3 Identifying Factors Affecting Visitor Attitudes

Eigenvalue

Regression analysis is implemented in order to identify
factors affecting visitor attitudes. The impacts of visitors

on resource values of Küre Mountains National Park, satisfaction levels of visitors and the frequency of their arrivals to the park have been subjected to the analysis.
With multiple regression analysis method, the satisfaction levels of stakeholders are accepted as dependent variables while five factors stating visitor impacts on resource
values are accepted independent variables and the relation
between them is examined.
It is identified in the analysis results that the F value is
2,935, p=0,013 and the model is significant (according to
0,05 level). There are not any multiple relation problems as
variance inflation factor values of independent variables
are 1,000 and the tolerance values are bigger than 0,975.
There is not any autocorrelation in this study since the
value of Durbin-Watson test, which shows whether there is
autocorrelation or not, is 1,700. The results of regression

Number of Variables
FIGURE 2 - Eigenvalues Distribution

TABLE 20 - Factor analysis summary results
Factors
Factor 1- Water Springs
Factor 2- Vegetation
Factor 3- Air Quality
Factor 4 Visual-Historical-Cultural Resources
Factor 5- Fauna

Eigenvalue
7,505
3,162
1,773
1,429
1,134

Defined Variation Percentage
30,018
12,648
7,091
5,715
4,538
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F Value
30,471
13,177
28,654
13,127
16,649

Alpha
0,828
0,863
0,777
0,801
0,835

P
0,000
0,000
0,000
0,000
0,000

Ort.
1,48
1,93
1,46
1,7
2,01
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analysis implemented in order to identify the preventions
of independent variables on dependent variables show that
the explanation rate of independent variables on dependent
variables is 4%. In t statistics values of the parameters, it is
observed that factor 4 (Visual-Historical-Cultural Resources variable) is significant (Sig=<0,05). It is observed
that variations in visual, historical and cultural resource
values have significant impacts on satisfaction levels (Table 17).
TABLE 21 - Multiple Regression Analysis Results of Factors Affecting Satisfaction Levels
Variables
Beta
t
Sig t
VIF
2,434
56,384
,000
Fixed
,043
,991
,322
1,000
Factor 1
-,064
-1,484
,139
1,000
Factor 2
-,051
-1,181
,238
1,000
Factor 3
,137
3,168
,002
1,000
Factor 4
-,010
-,235
,815
1,000
Factor 5
Multiple Regression= ,202 R Squared=,041 p=,013 F=2,935
Adapted R Square= ,027 Durbin-Watson=1,700 VIF= Variance Inflation Factor

In multiple regression analysis implemented in order
to examine the relation between the visitor impacts on resource values of Küre Mountains National Park and the resulting impacts of the frequency of visitor arrivals to the
area, frequency of arrivals is accepted as dependent variable while 5 factors consisting of visitor impacts on resource
values are accepted as independent variables and the relation between them is examined. It is observed in the table
that F value is 6,855, p=0,000 and the model is significant
(according to 0,05 level). In t statistic values of parameters,
it is viewed that factor 3 (air quality) and factor 5 (fauna)
are significant (Sig=<0,05). There are not any multiple relation problems since the variance inflation factor values of
independent variables is 1,000. As Durbin-Watson test
value is 1,522 in this study, there is not any autocorrelation.
The results of regression analysis implemented in order to
identify the preventions of independent variables on dependent variables show that the explanation rate of dependent variable is 9%. In regression analysis, when significance values less than 0,05 and their β (Beta) values are
examined, it is determined that the frequency of arrivals to
the area is significantly affected with the changes in air
quality and fauna values (Table 18).

5. DISCUSSION
When the study results are examined, it has been identified that visitor impacts on resource values of Küre
Mountains National Park generally result from similar activities and similar views occur for solutions. It has been
stated by all stakeholders that the most visitor impacts on
vegetation, fauna and air quality result from forest fires.
When the fire sensitivity of Küre Mountains National Park
forests is examined, it is identified that the area has been
defined as the second and third degree sensitive area [29].
This situation makes it necessary to take precautions
against forest fires in the area. At present, entering to the
national park area is not controlled. Therefore, uncontrolled entering of visitors to the area and uncontrolled activities in the area increase fire risks caused by visitors.
It has been stated that the most significant impacts of
visitors on other resource values of the area such as water,
soil and visual resources are uncontrolled sewage and littering the environment. At the end of the studies held in the
area, it can be said that these impacts do not result from the
improper use of visitors but rather inadequate infrastructure facilities in the national park area. Another deficiency
of infrastructure in the area is the incomplete pathways and
roadways. In the long-term development plan, identifying
the routes of pathways and roadways in the area is drawn
attention while it is attached importance to show maximum
sensitivity to carry out road works with the least harm to
vegetation and natural structure [7]. Especially taking vehicular traffic, which is thought to have impact on vegetation, wildlife, soil quality, visual quality, historical and cultural resources, under control is identified in the surveys
applied to stakeholders.
The impact of visitors on resource values of the area is
especially originated from infrastructure deficiencies. Intensive use of the national park is not the case for the time
being. This situation will not continue like this for a long
time for Küre Mountains National Park, being a PAN Parks
member in 2012. As there is not an intensive use of the
area, the speed of the destruction caused by infrastructure
deficiency is kept low. Therefore, infrastructure deficiencies in the area should be eliminated as soon as possible
before visitor uses increase.

TABLE 22 - Multiple regression analysis results of factors affecting
the frequency of arrivals to the park
Variables
Beta
t
Sig t
VIF
3,137
63,869
,000
Fixed
,081
1,649
,100
1,000
Factor 1
,016
,324
,746
1,000
Factor 2
-,208
-4,231
,000
1,000
Factor 3
,031
,630
,529
1,000
Factor 4
,178
3,627
,000
1,000
Factor 5
Multiple Regression= ,.301 R Squared=,091 p=,000 F=6,855
Adapted R Square= ,077Durbin-Watson=1,522 VIF= Variance Inflation
Factor

6. CONCLUSION
Tourism and recreational activities which are not appropriate for ecological structure in areas declared as national parks cause destructions in natural, social and historical structures. In order to provide the sustainability of the
areas, it is essential to take decisions to identify probable
threats as a result of tourism and recreational activities in
the parks and take necessary measurements, determine and
implement management strategies. Moreover, the participation of stakeholders plays significant role in maintaining
the sustainability.
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Maintaining the sustainability of Küre Mountains National Park, it is important to identify visitor impacts and
develop solutions. Also with participation of stakeholders,
applying planning decisions accurately in the area and then
carrying out monitoring studies in this process are necessary.
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Commercial Printing CO., İzmir.

[7]

Anonymous. (2012). Kure Mountains National Park Long
Term Development Plan Planning Report, TR Forestry and
Water Affairs General Directorate of Nature Conservation and
National Parks and Protected Areas Strengthening Forest
Management Project, Ankara.

[8]

Anonymous. (2014). Recreation Ecology and Visitor Impact
Management, Department of Parks, Recreation and Tourism
Management,
Web
Site:
http://cnr.ncsu.edu/prtm/research/recreation_ecology.php, Access date: 11/07/2014.

[9]

Eagles, P.F.J., McCool, S.F. and Haynes, C.D. (2002). Sustainable Tourism in Protected Areas, Guidelines for Planning
and Management, Best Practice Protected Area Guidelines Series no: 8, IUCN, Thanet press Limited, p:167-172, UK.

The results of factor analysis show that the most significant visitor impacts are on water and air qualities. Then,
they have impacts on visual, cultural and historical resource values, vegetation and fauna. It is identified that the
most significant preventions to be taken in order to avoid
visitor impacts on vegetation, fauna, air quality, soil quality, historical and cultural values are nature protection and
information activities. In order to resolve impacts on water
quality and visual quality, second preferred preventions are
again nature protection and information activities.
When the results of the study are evaluated, the most
significant factors increasing visitor impacts on the area are
uncontrolled entrance and exit and deficiencies in the infrastructure systems. Constructing necessary infrastructure
systems and performing nature protection and information
activities can be expressed among the prior studies in order
to avoid and/or reduce visitor impacts. Keeping the participation of stakeholders in the forefront in these studies and
especially local people’s playing active role in this process
are also significant.
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ABSTRACT
Natural arsenic contamination in groundwater is a serious environmental issue. Recently, a predictive risk model
for groundwater arsenic contamination throughout China
has been described in the Journal of Science. However, because of the limitation of field observations used in the
model calibration, its performance needed to be further validated. In China, the county level administrative division is
the primary unit for screening and monitoring high arsenic
areas, and thus assessing the performance of the model at
the county level is significant. For the present study, we
therefore selected 100 counties from eight Chinese provinces, with the requirement that each county had at least
four tested towns to be used as validation samples to assess the model’s performance. The validation dataset was
consisted of the predicted and field observation data for
each county. For the predictive risk, we defined a county as
“high risk” if any area within its geographical location was
predicted to be high risk by the model (probability of arsenic hazards > 0.46). For the field measurements, we defined a county as “high arsenic region” if any village within
the county was found contain at least one groundwater arsenic concentration higher than 10 μg/L. This observed binarycode data and then was compared to the aforementioned predictive risk results.
Overall, our findings showed that the total agreement
rate for the model at the county level is 73%, with a 91%
and 36% of sensitivity and specificity, respectively. In each
province, the overall agreement rate and sensitivity were
also relatively high (Inner Mongolia: 89% and 100%, respectively; Shanxi: 69% and 100%, respectively; Jilin:
83% and 100%, respectively; Anhui: 88% and 88%, respectively; Jiangsu: 67% and 100%, respectively; Hubei:
80% and 92%, respectively). The findings suggested that the
model had good ability in characterizing arsenic-contaminated areas at the county level, and the model might helpful
for prevention and controlling arsenic problem in China.
* Corresponding author

1. INTRODUCTION
Arsenic is a naturally occurring toxic metalloid element throughout environment and has been identified as
human carcinogen by the International Agency for Research on Cancer [1, 2]. People can be exposed to arsenic
via air [3], food and medicinal use [4, 5], but in most populations, the major pathway of exposure is consumption of arsenic-contaminated drinking water [6]. Long-term arsenic
exposure is associated with a broad range of health hazards
including skin lesions [7], cardiovascular diseases [8], diabetes [9] and cancers in a variety of organs [2]. Globally,
more than 200 million people are consuming arsenic-contaminated groundwater [10]. Therefore, the problem of arsenic contamination is an international concern.
Worldwide, the high levels of arsenic in groundwater
is often exploited by hand pump tube-wells [11, 12]. And
thus, testing the arsenic concentration in all tube-wells or
in some randomly sampled tube-wells within a region is
the traditional method to identify arsenic contamination
[12]. Although the two methods have good accuracy, they
are expensive and time-consuming. And thus it may be not
suitable for countries with sheer size and limited economic condition. More and more recent researches have
shown that environmental parameters such as geology, topography, soil, climate, and so on could affect arsenic solubility in groundwater aquifers [13]. Predictive risk models
that established based on the combination of these environmental parameters and statistical methods have been
proposed by researchers [14-16]. These models can be
used to forecast the probabilities of groundwater arsenic concentration higher than a pre-defined limitation in certain
areas. The spatial model predicting regions prone to high
arsenic concentrations would accelerate the screening by prioritizing the sampling at those areas with higher potential
risk. Also the predictive risk model as stated above opti-
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mizes using of available resources (eg., monetary) for better
characterizing the high risk areas.
The problem of arsenic-contamination in groundwater in
China is very serious. Previously, our group participated into
a national survey, involving 176,936 wells in 9542 villages in
368 counties in China. The findings from the national survey
revealed that almost 15% of tested wells contain arsenic
concentrations higher than 10 μg/L (unpublished data). And
it has been estimated that about 14.7 million Chinese people
are exposed to arsenic concentrations of > 10 μg/L [17]. Unfortunately, because of the sheer size of China, it will take
several decades to complete screening of millions of wells to
determine the spatial occurrence and magnitude of arsenic
contamination across the whole country. Accordingly, our
group, together with the Swiss Federal Institute of Aquatic
Science and Technology (Eawag) firstly successful developed a predictive risk model for geogenic groundwater arsenic contamination throughout China that has been described by Rodriguez-Lado et al. [18]. The authors initially
included 16 environmental proxies as potential factors for
identifying areas affected by geogenic arsenic hazard. Only
eight proxies including Holocene sediments, soil salinity,
subsoil texture, topographic wetness index (TWI), density of
rivers, slope, distance to rivers, and gravity were found to be
significantly linked to the regional distribution of high arsenic occurrence and were used, together with 2668 georeferenced arsenic measurements, to develop an ensemble model
with binomial logistic regression as the base classifier [18].
According to the model prediction results, the potential arsenic hazards areas (> 10 μg/L) may encompass more than
580,000 km2 and almost 19,580,000 people are estimated to
have been exposed to high levels of arsenic (> 10 μg/L)
[18].
Since this predictive risk model was proposed, much
concern has been aroused around the world. Historically,
arsenic in groundwater has tended to be detected only after
diagnosis of health effects [19]. In areas where such effects have not yet been identified, predictive models will
enable action before the appearance of symptoms, which
can require decades of chronic exposure to manifest [19].
Therefore, in terms of application, the predictive risk model
may provide a new method for monitoring the arsenic problem in China. And the approach used to develop the model
could be very useful for developing comparable models for
other parts of the world. However, because of the limitation
of field observations used in the model calibration, its accuracy needed to be validated further. In mainland China, the
county administration division is the main unit that responsible for screening and monitoring high arsenic areas. If the
predictive risk model is able to appropriately classify high or
low risk areas with respect to arsenic contamination at the
county level, it would be very beneficial to apply the prediction results to actual surveys; in addition, it would support
the implementation of alternative drinking water supplies to
mitigate the arsenic problem in affected regions. However,
the accuracy of the model at the county level was not known.
Therefore, for the present study we selected 100 counties

from eight provinces of China to validate the correspondence of the prediction results and the field observations. We
feel that our findings could provide evidence on whether
this predictive risk model could be used as reference to
perform targeted field surveys in future research in China,
and also might offer information on extending the method to
world to solve the arsenic problem.
2. MATERIALS AND METHODS
2.1 Data source and collection

In order to screen arsenic-contaminated areas, the Chinese government has performed some sample surveys in the
past years. In this study, we selected all validation samples
from the survey program undertaken by the Central Finance
Transfer Payment Project founded by the Chinese government (2005-2007), and the survey program of arsenic mitigation and management founded by the Chinese government
with joint support of the United Nations International Children’s Emergency Fund (2005-2007). Since counties are large
in China and usually includes many towns, we only selected
counties with at least four tested towns as validation samples
to ensure the representativeness of our field measurement
dataset. In addition, we require all samples involved in the
validation dataset were not used in the initial development
of the model, which aimed to ensure the independence of all
validation samples. Finally, a total of 100 counties from
eight provinces (Inner Mongolia, Shanxi, Jilin, Shandong,
Anhui, Jiangsu, Hubei, and Jiangxi) of China met the above
mentioned criteria and were included.
All arsenic field observations included in our final validation dataset were collected using the “10% sampling
method” [12]. Each village was divided into five parts and
10% drinking water samples were randomly selected in
the east, west, south, north, and the center of the village.
This method has been widely used to screen arseniccontaminated areas in national surveys and has been
proved to have good accuracy in identifying high-risk
wells [12, 20].The measurement dataset in each county
contains information about the total number of tested wells,
villages, towns, and the maximum arsenic level in each
tested village. According the definition of arsenic-contaminated area in China [12], we defined a village with at least
one well water contain arsenic concentration above 10 μg/L
as arsenic-contaminated village. In a county, if any village
within it were deemed as arsenic-contaminated then the
county was deemed as “high arsenic region”. Based on the
aforementioned criteria, all arsenic field measurements at
the county level and then were converted to binary-code
(1= high arsenic region, 0= low arsenic region). The
detailed information of the validation samples are shown
in Table 1.
2.2 Validation method

In the modeling process, Rodriguez-Lado et al. [18]
found that the probability value of 0.46 was the cut-off
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point to classify the probability map into the binary risk
map that represents high-risk (arsenic > 10 μg/L) and
low-risk (arsenic ≤ 10 μg/L) arsenic hazards areas according to the receiver operating curve (ROC). Consistent with Rodriguez-Lado et al. [18], we also selected
the probability of 0.46 as cut-off point to identify high/low
risk areas in our study. And correspondingly, we defined that
if any area within a county was predicted by the model to
be of high risk, then the validation dataset would indicate
“high risk” for that county. Based on the definition, we
then compared the model prediction results (1 = high risk;
0 = low risk) with the aforementioned binary-code field
survey findings (1 = high arsenic region, 0 = low arsenic
region) for each county.
2.3 Evaluation of Model Performance

The model performance was estimated from the overall agreement rate, model sensitivity (ability to correctly
classify counties with arsenic > 10 μg/L), and model specificity (ability to correctly classify counties with arsenic
≤ 10 μg/L). These indicators were common and reliable
enough to be used to assess modeling performance.

3. RESULTS AND DISCUSSION
The current validation dataset was composed of
100 counties located in Inner Mongolia Autonomous Region (n = 9), provinces of Shanxi (n = 13), Jilin (n = 12),
Shandong (n = 22), Anhui (n = 8), Jiangsu (n = 12), Hubei
(n = 15), and Jiangxi (n = 9). A total of 7764 villages in
861 towns were involved in these sampled counties (Table 1). According to the result of filed measurement, 67 and
33 counties were found with- and without- arsenic concentration higher than 10 μg/L, respectively (Table 2). Compared
to the prediction results showed in the model, overall, 73%
counties were correctly classified into high- and low-risk
classes (Table 2). The model sensitivity and specificity at the
county level were 91% and 36%, respectively (Table 2).
Table 3 shows the validation results of the predictive
risk model in each province. Among the 8 provinces, the
rate of total correct classification at the county level
ranged from the lowest of 50% in Shandong Province to
the highest of 89% in Inner Mongolia and Jiangxi Province
(Table 3). The model sensitivity at the county level is also
relatively high in Inner Mongolia Autonomous Region (sensitivity=100%) and in the provinces of Shanxi (sensitivity=
100%), Jilin (sensitivity=100%), Shandong (sensitivity=
77%), Anhui (sensitivity=88%), Jiangsu (sensitivity=
100%) and Hubei (sensitivity=92%). However, the model

TABLE 1 - The characteristics of validation counties from eight provinces of China.

TABLE 2 - The validation result for the complete validation counties
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TABLE 3 - The validation result of the predictive risk model at the county level in each province.

specificity at the county level in eight provinces calculated
upon the current dataset was low. In Inner Mongolia and
the provinces of Jilin and Hubei, no county was correctly
predicted as a low-risk area by the model. In Jiangxi Province, eight counties detected no arsenic-contaminated regions by field survey were all accurately classified as lowrisk (specificity=100%).
Taken together, our results showed that the model has
good accuracy, especially with high sensitivity at the
county level. The high sensitivity revealed that the model
has good ability in classifying the high-risk arsenic hazard
areas at the county level. Previously, numerous studies in
China have related arsenic-enriched groundwater to reducing conditions of poorly drained aquifers in young sediments
with flat topography and high alkalinity and/or salinity [2123]. In the predictive risk model, Rodriguez-Lado et al. [18]
found that Holocene sediments, soil salinity, subsoil texture,
and TWI are more powerful predictors for modeling ground-

water arsenic hazard. Holocene sediments indicate the presence of large volumes of young floodplain and delta sediments. TWI and subsoil texture allocate areas with reducing
aquifer conditions due to topographic flatness, low hydraulic
gradients (deltas, closed/semi-closed basins) and limitations
for drainage and water flux. Saline soils identify environment with high PH and alkalinity. Collectively, it is obvious
that the environmental conditions related to excessive arsenic in groundwater involved in the prediction model agrees
well with actual geochemical condition. The consistence
might be the underlying reasons for the high model sensitivity observed based on the current data.
However, our result did not show a high specificity for
the model, which indicated that the model did not corresponding well in classifying low-risk arsenic hazard areas
at the county level. This may be due, at least in part, to
limited number of county samples included in our study.
As showed in Table 1, the number of counties did not
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found arsenic-contamination in groundwater in Inner Mongolia (n = 1), Jilin (n = 2), and Hubei (n = 2) were relatively few. Such a small sample size might be easily leads to
deviation and result in a low specificity. In addition, the way
of the validation dataset was developed in the current study
might be another possible reason for the low specificity. As
described above, a county with any of villages contaminated
by arsenic would be regarded as “high arsenic region” in
our field measurement dataset. Similarly, in the predictive
model, we defined that if any area within a county was
predicted by the model to be high risk then the county
would be classified as “high risk region”. The approaches
to identify high arsenic/risk regions in both observed
condition and the predicted condition were conservative
and therefore seemed a likely cause for the specificity not
being as high as the sensitivity.
With respect to arsenic, a hazard substance for human
health, the model’s ability to discover high risk regions was
more important than the ability to classify low risk areas.
Therefore, despite a low model specificity detected in our
study, the high sensitivity for the model at the county level
might allow application of the prediction results in field surveys. From another perspective, our findings added further
data on extending such a predictive risk model to other
arsenic-affected countries to prevention and control the
arsenic problem.

[4]

Jackson, B.P., Taylor, V.F., Karagas, M.R., Punshon, T.,
Cottingham, K.L. (2012) Arsenic, organic foods, and brown
rice syrup. Environ Health Perspect 120: 623-626.

[5]

Waxman, S., Anderson, K.C. (2001) History of the development of arsenic derivatives in cancer therapy. Oncologist
6 Suppl 2: 3-10

[6]

Kim, K.W., Chanpiwat, P., Hanh, H.T., Phan, K.,
Sthiannopkao, S. (2011) Arsenic geochemistry of groundwater in Southeast Asia. Front Med 5: 420-433

[7]

Argos, M., Kalra, T., Pierce, B.L., Chen, Y., Parvez, F., Islam,
T., Ahmed, A., Hasan, R., Hasan, K., Sarwar, G., Levy, D.,
Slavkovich, V., Graziano, J.H., Rathouz, P.J., Ahsan, H.
(2011) A prospective study of arsenic exposure from drinking water and incidence of skin lesions in Bangladesh. Am
J Epidemiol 174: 185-194.

[8]

Moon, K.A., Guallar, E., Umans, J.G., Devereux, R.B., Best,
L.G., Francesconi, K.A., Goessler, W., Pollak, J., Silbergeld,
E.K., Howard, B.V., Navas-Acien, A. (2013) Association between exposure to low to moderate arsenic levels and incident
cardiovascular disease: a prospective cohort study. Ann Intern
Med 159: 649-659.

[9]

Pan, W.C., Seow, W.J., Kile, M.L., Hoffman, E.B., Quamruzzaman, Q., Rahman, M., Mahiuddin, G., Mostofa, G., Lu,
Q., Christiani, D.C. (2013) Association of low to moderate
levels of arsenic exposure with risk of type 2 diabetes in
Bangladesh. Am J Epidemiol 178: 1563-1570.

[10] Naujokas, M. F., Anderson, B., Ahsan, H., Aposhian, H. V.,
Graziano, J. H., Thompson, C., Suk, W. A. (2013) The broad
scope of health effects from chronic arsenic exposure: update
on a worldwide public health problem. 121: 295-302.
[11] Jiang J.Q., Ashekuzzaman S.M., Jiang A, Sharifuzzaman
S.M., Chowdhury S.R. (2013) Arsenic contaminated
groundwater and its treatment options in Bangladesh. Int J
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4. CONCLUSIONS
In conclusion, this study found that this predictive risk
model perform well in characterizing areas at high risk for
arsenic contamination at the county level. And the predictive risk model could be used as a reference for the
Chinese government to perform optimizing samples at
those areas with higher potential risk.
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