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THE PREPARATION OF Fe-Al-C MICRO-ELECTROLYSIS
FILLER AND COUPLING WITH H2O2 FOR TREATMENT OF
METHYL ORANGE SIMULATED WASTEWATER
Ruihong Yang1,2, Jianzhong Zhu1,*
1

Key Laboratory for Integrated Regulation and Resource Development on Shallow Lake of Ministry of Education, College of Environment,
Hohai University, Nanjing 210098, China;
2
Department of Chemical Engineering, Yangzhou Polytechnic Institute, Yangzhou225127, China.

ABSTRACT

INTRODUCTION

Based
on
the
traditional
Fe-C
micro-electrolysis filler, a new type of Fe-Al-C
micro-electrolysis filler had been prepared. The
comparison experiments showed that the Fe-Al-C
micro-electrolysis filler was more efficient on
chemical oxygen demand (COD) and chroma
removal than the traditional Fe-C micro-electrolysis
filler in methyl orange simulated wastewater
treatment. Compared to the Fe-C filler, the COD
and chroma removal rate was improved by 19.4%
and 12.2%, respectively for the Fe-Al-C filler after
reaction of 120 minutes. The process of Fe-Al-C
micro-electrolysis filler coupled with H2O2 for
methyl orange simulated wastewater treatment has
also been studied in the current work. The optimum
operating conditions obtained were± initial pH of
3-4, the concentration of auxiliary electrolyte as
0.05mol/L, H2O2 dosing as 0.8ml/L and the reaction
time was 60 minutes. The COD and chroma
removal rate reached 82% and 92%, respectively
under these conditions. The treatment process of
methyl orange simulated wastewater fitted the
first-order kinetics; the constant of reaction velocity
k(COD)=0.0181 h-1, k(chroma)=0.0234 h-1, the
related
coefficient
R2(COD)=0.9949
and
2
R (chroma)=0.965. The treatment process of methyl
orange simulated wastewater were analyzed by
UV-vis spectroscopy and the surface properties of
the Fe-Al-C filler were analyzed by scanning
electron microscope (SEM) and energy dispersive
spectrometer (EDS).

Micro-electrolysis, also called internal
electrolysis or zero-valence iron process, is a simple
electrochemical oxidation technology, which is
effective in the treatment of hard biodegradable
organic matter [1]. Micro-electrolysis is typically
based on the electric potential difference between
iron particle and carbon particle. Due to lower
reduction potential of iron than the carbon, in the
electrolysis process, the iron particle serves as the
anode and dissolves due to oxidation. A number of
macro galvanic cells is formed in the electrolyte
solution between iron and carbon. Scrap iron,
contains a large amount of of iron carbide, a kind of
alloy of iron and carbon. When scrap iron is added
to an electrolytic solution, it can form lots of micro
galvanic
cells
itself.
The
iron-carbon
micro-electrolysis reaction is driven under the joint
effects of macro and micro-galvanic cells. Some
synergistic effect such as flocculation, coagulation,
adsorption, and electrodeposit are also initiated by
the electrochemical reaction [2]. This method has
high degradation efficiency on organics, occupation
area small and causes no secondary pollution. This
method has been widely used in different industrial
wastewater treatments, such as dyeing, chemical,
pharmaceutical and coking wastewater. Anaerobic
treatment coupled with micro-electrolysis was used
to treat anthraquinone dye wastewater by Huang et
al. [3]. Qin et al. enhanced membrane biofilm
reactor (MBR) by micro-electrolysis to degrade
anthraquinone dye wastewater [4]. Saxe et al. used
an integrated elemental iron-activated sludge
system to enhance biodegradation of azo dyes [5].
Ruan et al. used ozone integrated with internal
micro-electrolysis to degrade and decolorize of
reactive red X-3B aqueous solution [6]. Wang et al.
studied Electro-Fenton technology to removal color
from real dyeing wastewater by using a
three-dimensional graphite cathode [7]. Lai et al.
used micro-electrolysis to pretreat wastewater from

KEYWORDS:
Fe-Al-C, micro-electrolysis filler; Micro-electrolysis;
methyl orange, wastewater; degradation
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acrylonitrile-butadiene-styrene resin manufacturing
[8]. Sun et al. employed an internal electrolysis
filter to treat mixed chemical wastewater. They also
studied the agglomeration mechanism in detail [9].
Micro-electrolysis was also used to treat coking
wastewater [10, 11]. Zhou et al. used ultrasound
assisted zero-valent iron activated carbon
micro-electrolysis system to degrade ionic liquids
[12].
The
materials
used
in
traditional
micro-electrolysis process are scrap iron and
charcoal. However, these two materials undergo
passivation and hardening when the process runs
for a long time. Moreover, the iron and carbon can
easily form an isolation layer that can interrupt the
micro-electrolysis process through physical contact,
and thus, the materials need to be replaced
frequently.
Therefore,
the
traditional
micro-electrolysis process not only need a lot of
maintenance work that incurs a high cost, but also
has serious influence on the treatment efficiency of
waste water and the quality of effluent. All these
issues impede the application and promotion of the
micro-electrolysis process.
The focus of the current research focus is
multiple micro-electrolysis technology, such as,
Shubhank et al. studied the thermodynamic
optimization of Fe±Cu±C ternary system [13]. In
this work, a new type of Fe-Al-C micro-electrolysis
filler has been developed which was based on the
traditional Fe-C micro-electrolysis filler. Next, the
process of Fe-Al-C micro-electrolysis coupled with
H2O2 has been applied in methyl orange simulated
wastewater treatment. The new Fe-Al-C filler was
also compared with the traditional Fe-C filler. The
optimum degradation condition was obtained
through experiments which can be used in future
research on dye wastewater treatment by
electro-catalytic oxidation methods.

spectra was recorded on a UV spectrophotometer
(UV-1801) in the wavelength range of 200-600 nm
using 10 mm quartz cuvettes and deionized water as
the reference. The morphology of the fillers was
characterized by an S-4800 Ċ field emission
scanning electron microscope (FE-SEM, 30 kV,
Philips). Energy dispersive X-ray spectroscopy
(EDS) analysis was performed by a permanent thin
film window link (Oxford Instruments) detector and
WinEDS software in the FE-SEM.
Experimental set-up. The oxides on the
surface of the fillers were first removed by
immersing in dilute sulfuric acid (5% w/w) for 20
min, followed by rinsing with distilled water. The
fillers were then placed in methyl orange simulated
wastewater for more than 2 hours for complete
adsorption of pollutants.

FIGURE 1
Schematic diagram of the
Microelectrolysis-Fenton system

As shown in Fig. 1, the experimental
apparatus used was a cylindrical micro-electrolysis
system (Ø8 cm × 30 cm). The Fe-C or Fe-Al-C
filler was put in the micro-electrolysis reactor with
a bed height of 20 cm. Methyl orange simulated
wastewater into the micro-electrolysis reactor
through the inlet and reacted for a 120 min,
followed by addition of appropriate amount of H2O2
in the Fenton reactor. After reacting for a 120 min
in the Fenton reactor the effluent was extracted.
Precipitation was achieved by adjusting the pH of
the effluent to 9-10 by adding NaOH. The COD and
chroma value were determined.

MATERIALS AND ANALYTICAL METHODS
Materials. The water sample was methyl
orange simulated wastewater. The new Fe-Al-C
micro-electrolysis filler was made in-house. The
filler had a spherical porous metal structure
sintering by reducing iron, aluminum, activated
carbon and bentonite, and was composed of
Fe-Al-C in the mass ratio of 3:1:1. The traditional
micro-electrolysis filler is a Fe-C alloy with mass
ratio of Fe-C 3:1. The other reagents used were
sulfuric acid, sodium hydroxide, distilled water, and
H2O2 (30%).

RESULTS AND DISCUSSION
Preparation and characterization of
materials.
The
preparation
of
Fe-Al-C
micro-electrolysis filler included the following
steps: First, iron powder, activated carbon, metal
catalyst and bentonite are mixed in proportion
(Fe/Al/C is 3:1:1 and bentonite 15%) and a certain
amount of distilled water was added to the mixture.
Second, the mixture was granulated and shaped.

Analytical methods. The COD and pH was
estimated using a COD meter (COD-571) and a pH
meter (PHB-4), respectively. The UV-visible
2487
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Third, the mixture was cured anaerobically under
nitrogen at x °C for 4 h. Fourth, the sample was
roasted under nitrogen for 4 h at 1000-1100oC
temperature, followed by subsequent cooling to
room temperature and storing under nitrogen. The
bulk density of
the
filler
was
1000 ~1100 kg/m3, porosity was 68%, and size was
10 mm in diameter.
Fig.
2
illustrates
the
morphology of Fe-Al-C micro-electrolysis fillers.
Fig. 2 showed that the shape of Fe-Al-C multiple
micro-electrolysis filler is unique spherical, which
is conducive to the flow of water and to prevent
clogging. Fig.3 displays the SEM image of Fe-Al-C
micro-electrolysis fillers. From Fig.3 we could see
that the filler is an integral metal alloy structure,
each component is fixed and uniform, and has high
porosity and reaction rate is fast.
Fig.4 shows the energy dispersive spectra
(EDS) of Fe-Al-C micro-electrolysis fillers. Table 1
lists
the
composition
of
the
Fe-Al-C
micro-electrolysis fillers. As shown in Fig.4 and
Table 1, the main elements present in the filler were
iron, aluminum, carbon and oxygen. The EDS data
also showed that it contained a small amount of
calcium, sulfur, manganese, and silicon.The iron,
aluminum, carbon were the main components of the
filler, whereas the other materials came from the
binder, which was clay.The clay mainly contained
silica, and magnesium oxide, calcium carbonate and
aluminum oxide.The melting point of clay is not
high, so it can take part in chemical reactions at
about 900 ć to generate calcium silicate and
aluminum silicate, which can fuse together to form
hard pottery. As shown in Table 1, the m(Fe/C/Al)
was not 3:1:1 and showed a slight change compared
with the ratio of raw materials. Specifically, the
content of carbon was reduced, which may be due
to some loss of carbon as carbon dioxide. On the
other hand, the content of aluminum was slightly
higher, which was possibly because the aluminum
oxide in the clay increased the total content of
aluminum higher. Since some alkaline oxide
present in the fillers can react with the acids used in
the method, the filler needed pretreat by dilute
sulfuric acid before use.

FIGURE 2
Shape of Fe-Al-C multiple micro-electrolysis
filler

FIGURE 3
SEM micrograph of Fe-Al-C micro-electrolysis
filler

FIGURE 4
The energy dispersive x-ray spectra of Fe-Al-C
micro-electrolysis filler

TABLE 1
Composition of Fe-Al-C micro-electrolysis fillers

Weight %
Atom %

C
11.01
24.74

O
17.91
30.21

Al
17.42
17.42

Si
0.88
0.85

2488

S
1.10
0.93

Ca
4.61
3.11

Mn
0.72
0.35

Fe
46.35
22.40
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methyl orange [14].
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FIGURE 5
Influence of two types of fillers on COD removal
rate

FIGURE 6
Influence of two types of fillers on chroma
removal rate

The comparison of treatment effect of Fe-C
filler and Fe-Al-C filler. The effects of treatment of
the fillers (Fe-C and Fe-Al-C) with methyl orange
simulated wastewater at pH 3 are shown in Fig.5
and Fig.6.
As shown in Fig.5 and Fig.6, the Fe-Al-C
multiple micro-electrolysis was more efficient for
COD removal and chroma removal than the
traditional Fe-C micro-electrolysis. After reaction
for 120 min, the COD removal rate was 43% and
36% by Fe-Al-C and Fe-C micro-electrolysis,
respectively; the COD removal rate was improved
by 19.4% using the new filler. The chroma removal
rate was 55% and 49% by Fe-Al-C and Fe-C filler
micro-electrolysis, respectively; the chroma
removal rate was improved by 12.2% for the new
filler. Fe and C, and Al and C could form
micro-batteries in multiple micro-electrolysis
system. The superior conductivity of Al helped to
promote the galvanic cell reaction in the new filler.
Fe2+, Fe3+ and A13+ generated in the
micro-electrolysis reaction, at pH to 9-10, led to a
mixed flocculation of Fe(OH)2, Fe(OH)3 and
Al(OH)3 which was superior to the formation of
individual Fe(OH)3 and Al(OH)3. Therefore, the
added Al improved the removal efficiency of COD
and chroma.
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FIGURE 7
Influence of initial pH on COD removal rate

Chroma removal rate (%)

60

Influence of the initial pH. The treatment
under different initial pH was investigated and the
results are shown in Fig.7 and Fig.8.
As shown in Fig.7 and Fig.8, the best removal
of COD and chroma in the micro-electrolysis
reaction system was achieved at pH 3 - 4. The
removal rate of COD and chroma were 45% and
54% after 2 hours of degradation. Since the
galvanic cell reactions proceeded very well under
acidic condition, nascent ferrous ion produced at the
anode and the nascent [H] produced at the cathode
could cause oxidation-reduction reaction with

50
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FIGURE 8
Influence of initial pH on chroma removal rate

However, at a pH lower than 3, the reaction of the
ferrous ion with acids to form hydrogen becomes
significant. The hydrogen gas could cover the
surface of the iron and prevent the organic
2489
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FIGURE 9
Influence of concentration of auxiliary
electrolyte on COD removal rate

FIGURE 11
Influence of H2O2 dosing on COD removal rate
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FIGURE 12
Influence of H2O2 dosing on chroma removal
rate

FIGURE 10
Influence of concentration of auxiliary
electrolyte on chroma removal rate

As shown in Fig.9 and fig.10, the removal rate
of COD and chroma both increased when dosing
sodium sulfate. The COD and chroma removal rates
increased with increase in the concentration of
sodium sulfate when the concentration was lower
than 0.05mol/L. The removal rates of COD and
chroma were 53% and 66%, respectively when the
concentration of sodium sulfate was 0.05mol/L.
Such increase was mainly due to increase in the
concentration of auxiliary electrolyte, which
enhanced the conductivity of the reaction system.
An increase in the velocity of mass-transfer
promoted micro-electrolysis degradation in the
wastewater very well. Thus the optimum
concentration of auxiliary electrolyte was 0.05
mol/L.

pollutants from contacting the iron surface, thereby
decreasing the degradation of the pollutants [15].
Furthermore, at a lower pH, the yield of iron mud
increases significantly due to larger dissolution of
ferrous ion, which in turn makes the treatment of
sludge very difficult. On other hand, a lower
concentration of hydrogen ion is not beneficial to
the process of micro-electrolysis reaction when the
pH is too high. Moreover, higher pH also induces
formation of mixed sediments of iron and
aluminum ions, which attach to the surface of the
fillers and hinders the process of micro-electrolysis
reaction. The optimum pH value of multiple
micro-electrolysis reaction was found between 3
and 4.

Influence of H2O2 dosing. The effect of
different H2O2 dosing was another key investigation
of this study and the results are shown in Fig.11 and
Fig. 12.
As shown in Fig.11 and Fig.12, both the

Influence of concentration of auxiliary
electrolyte. The influence of concentration of
auxiliary electrolyte was studied and the results are
shown in Fig.9 and 10.
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removal rates of COD and chroma both increased
significantly in micro-electrolysis reaction system
with increase in the H2O2 dosing. To note, a high
chroma removal rate was observed for methyl
orange. For a H2O2 dosing of 0.8ml/L, the COD and
chroma removal rates in the methyl orange
wastewater were 86% and 96%, and the removal
rates then showed no further increase even with an
increase in the dosing amount. Thus, the
degradation efficiency of methyl orange could be
promoted dramatically by dosing H2O2 in the
reaction system. It was mainly because a large
amount of ferrous ion was generated in the
micro-electrolysis process which further induced
formation of strongly oxidizing [OH] free radicals
from H2O2 [16]. The [OH] free radical could
degrade methyl orange effectively, thereby making
the removal rates of chroma and COD high.

optimum reaction conditions and the results are
shown in Fig.13 and Fig.14.
Different rate equations were obtained (Table
2) by fitting the methyl orange simulated
wastewater treatment process to zero-order, first
order and second-order reaction kinetics based on
the degrading results.
After comparing the correlation coefficient of
zero-order, first-order and second-order reaction
kinetics, it was found that the correlation coefficient
for the first-order reaction kinetics is the best.
Therefore, it is believed that multiple
micro-electrolysis of methyl orange simulated
wastewater followed the first-order reaction kinetics.
In the kinetic equation, constant of reaction velocity
k(COD)=0.0181 min -1, the related coefficient
R2=0.9949; constant of reaction velocity
k(Chroma)=0.0234 min -1, the related coefficient
R2=0.965.
Proposed Mechanism. A number of galvanic
cells were formed by Fe and C in the electrolyte
solution. The electrode reactions are as follows:
Anode˖Fe-2eĺ)H2+
E݇˄Fe2+/
Fe˅=ε0.44V
Cathode˖+Hĺ>+@ĺ+2Ĺ       E݇
˄H+/H2˅= 0.00V (Acidic)
The aluminum powder also could form
multiple galvanic cells with activated carbon, and
the related electrode reactions are as follows:
݇
3+
E˄Al
/ Al˅=ε1.66V
Anode˖Al-Hĺ$3+
Cathode˖2H+Hĺ>+@ĺ+2Ĺ    E݇˄H+/H2˅=0.00V
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The following reactions would happen after
adding H2O2 [15, 16].
[H]+ H2O2 ė[OH]+ H2O
Fe2+ +H2O2 ė Fe3+ + [OH] + OHí
On one hand, the galvanic cell reactions
proceeded very well under acidic condition, the
nascent ferrous iron produced at the anode and the
nascent [H] produced at the cathode can undergo
oxidation-reduction reaction with methyl orange
under acidic condition. On the other hand, after
dosing H2O2, the ferrous ion and H2O2 formed
Fenton reagent in the micro-electrolysis system,
plenty of [OH] free radical were generated which
degraded the methyl orange effectively, thereby,
causing rapid decoloration and efficient removal of
the COD. In addition, the Fe2+, Fe3+, A13+ and a
small amount of Ca2+, Mg2+ produced in
micro-electrolysis reaction could form Fe(OH)2,
Fe(OH)3, Al(OH)3, Ca(OH)2 and Mg(OH)2 sediment
when the pH was increased to 9-10 by adding alkali.
The cooperative flocculation and sedimentation
could provide a good adsorption to chroma.

FIGURE 13
Change in COD with degradation time
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FIGURE 14
Change in chroma with degradation time

Kinetics of the Micro-electrolysis Process.
The degradation process was also studied under the
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TABLE 2
Rate equations for multiple micro-electrolysis degrading COD and Chroma of methyl orange simulated
wastewater
Index

Level of reaction equation
Correlation
Reaction rate
equation
coefficient
constant
COD removal Zero-order
C=-0.0009t + 0.1049
R² = 0.9204
9×10-4
First-order
-lnC=0.0181t + 2.1036
R² = 0.9949
1.8×10-2
Second-order
1/C = 0.5038t + 0.9686
R² = 0.9335
5×10-1
Decolorization Zero-order
C=-0.0093t + 0.9718
R² = 0.7214
9.3×10-3
First-order
-lnC=0.0234t ± 0.0497
R² = 0.965
2.3×10-2
Second-order
1/C = 0.1001t ± 0.4093
R² = 0.9624
1.0×10-1
In the equations: C represent the COD concentration and Chroma of methyl orange simulated wastewater after
reaction time t, g/L; t represent the reaction time, min.

decolorization rate of methyl orange was high; and
the open loop of the benzene ring structure was
difficulty, so the COD removal rate was low.

The structural formula of methyl orange is:
NaO3S

N

N(CH3)2

N

Ultraviolet-visible absorption spectra of
methyl orange comprises two characteristic
absorption bands± the 280 nm absorption peak is
GXH WR ʌ-ʌ  WUDQVLWLRQ LQ the conjugated benzene
rings in the methyl orange molecules, and the main
absorption peak of the 462 nm is caused by n-ʌ 
transition of the azo structure of methyl orange
molecules[7]. As shown in Fig. 15, the two
absorption peaks became weaker as the reaction
proceeded, indicating a degradation of the methyl
orange structure. Besides, Fig. 10 also indicated that
the absorption peaks due to the azo bonds weakened
quickly than the absorption peaks due to the
conjugated benzene ring system, because of better
chemical stability of the benzene rings in the
conjugated system than the azo bonds. The azo
bonds ruptured and the open loop of the benzene
ring structure affected the methyl orange simulated
wastewater decolorization rate and COD removal
rate.

CONCLUSIONS
To conclude, the Fe-Al-C micro-electrolysis
filler was more efficient on COD and chroma
removal than the traditional Fe-C micro-electrolysis
filler on the treatment of methyl orange simulated
wastewater.
The process of Fe-Al-C micro-electrolysis
filler coupled with H2O2 was efficient for methyl
orange simulated wastewater treatment. The
optimum operating conditions deduced from the
current study were±initial pH in the range 3-4, the
concentration of assistance electrolyte was
0.05mol/L, the dosing concentration of H 2O2 was
0.8ml/L, the reaction time 60 minutes. The COD
and chroma removal rate reached 82% and 92%,
respectively under these conditions.
Finally, the treatment process of methyl
orange simulated wastewater fit the first-order
kinetics, the constant of reaction velocity
k(COD)=0.0181 h-1, k(chroma)=0.0234 h-1, the
related
coefficient
R2(COD)=0.9949
and
2
R (chroma)=0.965.
The present study shows that the Fe-Al-C
micro-electrolysis coupling with H2O2 is an efficient
method for the treatment of dye-added wastewater.
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Lili Huo, ;LXPHL:DQJ Yi An*
,QVWLWXWHRI$JUR-HQYLURQPHQWDO3URWHFWLRQ0LQLVWU\RI$JULFXOWXUH.H\/DERUDWRU\RI3URGXFWLRQ(QYLURQPHQWDQG$JUR-SURGXFW6DIHW\
0LQLVWU\RI$JULFXOWXUH7LDQMLQ&KLQD

5HFHQWO\ PXFK DWWHQWLRQ KDV EHHQ SDLG WR D
QRYHO V\VWHP FRPSRVHG RI ]HUR-YDOHQW LURQ DQG
K\GURJHQRWURSKLF EDFWHULD >-@ ,Q WKLV V\VWHP
QLWUDWH FDQ EH GLUHFWO\ UHPRYHG E\ LURQ UHGXFWLRQ
(T   DQG EH GHJUDGHG YLD ELRORJLFDO
GHQLWULILFDWLRQ (T $OVRFDWKRGLFK\GURJHQWKH
HOHFWURQ GRQRU IRU ELRORJLFDO GHQLWULILFDWLRQ LV
SURGXFHGE\DQDHURELFLURQFRUURVLRQ (T 

$%675$&7 
7R H[DPLQH WKH IDFWRUV DIIHFWLQJ QLWUDWH
UHPRYDO LQ D QDQRLURQ-EDFWHULD GHQLWULILFDWLRQ
V\VWHP WZR SVHXGR-ILUVW-RUGHU H[SUHVVLRQV NREV
DQG NREV  ZHUH DSSOLHG WR GHWHUPLQH WKH FKHPLFDO
DQGELRORJLFDONLQHWLFV:KHQWKHS+ZDVLQFUHDVHG
IURPWRNREVGHFUHDVHGE\DQGSURGXFHG
QRVLJQLILFDQWHIIHFWRQNREV,QDGGLWLRQ ZKHQWKH
GLVVROYHG R[\JHQ OHYHO ZDV HOHYDWHG ERWK NREV
± Gí  DQG NREV ± Gí  NHSW
LQ D VPDOOHU H[WHQW )XUWKHUPRUH NREV DQG NREV DW
 & ZHUH UHVSHFWLYHO\  DQG  ORZHU
WKDQ WKHLU YDOXHV DW  & :KHQ WKH DPRXQW RI
1D+&2 LQFUHDVHG IURP  WR  PJ /í NREV
LQFUHDVHG WR DERXW   ZKHUHDV NREV GLG QRW
FKDQJH QRWLFHDEO\ 7KH SKRVSKRUXV VRXUFH DQG
SHUFKORUDWH FRQFHQWUDWLRQ GLG QRW VLJQLILFDQWO\
DIIHFW HLWKHU FKHPLFDO RU ELRORJLFDO UHDFWLRQV
Furthermore, an increase in sulfate concentration
led to a decrease in both kobs1 and kobs2.Our results
indicate that low pH value, low temperature, and
the presence of interfering ions may inhibit nitrate
removal LQWKHV\VWHP.

)H12í+2ĺ)H1+2+í    
12í+ĺ1+22+í                    (2)
)H+2ĺ+)H2+í                      (3)

:HKDYHXVHGWZRSVHXGR-ILUVW-RUGHUHTXDWLRQV
WR GHVFULEH WKH HQWLUH UHDFWLRQ RI QLWUDWH UHPRYDO
DQGWKLVZDVDFFRPSOLVKHGE\FRQVLGHULQJWKHSRLQW
ZKHQWKHLQFUHDVHLQDPPRQLDSURGXFWLRQWHQGHGWR
]HUR DV WKH SRLQW RI WUDQVLWLRQ > @ 7KH ILUVW
HTXDWLRQ LV D PHDVXUH RI WKH UDWH RI FKHPLFDO
UHGXFWLRQ DQG WKH VHFRQG FRUUHVSRQGV WR WKH
ELRORJLFDOGHQLWULI\LQJSURFHVV
1XPHURXV VWXGLHV KDYH VKRZQ WKDW
HQYLURQPHQWDO IDFWRUV PD\ KDYH D VLJQLILFDQW
LPSDFW RQ LURQ UHGXFWLRQ DQG ELRORJLFDO
GHQLWULILFDWLRQ +RZHYHU V\VWHPDWLF VWXGLHV RQ
HQYLURQPHQWDO IDFWRUV DIIHFWLQJ QDQRLURQ±EDFWHULD
V\VWHPVDUHLQDGHTXDWH
The purpose of tKLV VWXG\ ZDVWRTXDQWLI\ WKH
HIIHFW RI HQYLURQPHQWDO IDFWRUV RQ QLWUDWH UHPRYDO
WKURXJK FKHPLFDO DQG biological pathways
UHVSHFWLYHO\. Factors considered in this study were
water quality parameters (pH, dissolved oxygen
(DO), and temperature), levels of nutrients (C/N
ratio and phosphate source), and levels of
interfering ions (sulfate, perchlorate).

.(<:25'6
.LQHWLFV 1DQRLURQ +\GURJHQRWURSKLF EDFWHULD 1LWUDWH
UHPRYDO,QIOXHQFHIDFWRUV

,1752'8&7,21
1LWUDWHSROOXWLRQRIJURXQGZDWHUKDVEHFRPHD
VHULRXVHQYLURQPHQWDOSUREOHPLQPDQ\SDUWVRIWKH
ZRUOG > @ %HFDXVH RI WKH WHFKQLFDO GLIILFXOW\ RI
LQ VLWX UHPHGLDWLRQ RI JURXQGZDWHU FRPPRQ
WHFKQRORJLHV IRU QLWUDWH UHPRYDO VXFK DV LRQ
H[FKDQJH >@ PHPEUDQH WUHDWPHQW >@ DQG
FDWDO\WLFUHGXFWLRQ>@KDYHEHFRPHOHVVFRPPRQO\
XVHG

0$7(5,$/6$1'0(7+2'6
3UHSDUDWLRQ RI QDQRLURQ±EDFWHULD V\VWHP
,URQQDQRSDUWLFOHVZHUHV\QWKHVL]HGE\UHGXFWLRQRI
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7$%/(
6XPPDU\RIEDWFKH[SHULPHQWDOFRQGLWLRQV
Object of the experiment
Parameter
Unit
Level 1
Level 2
Level 3
pH

7
9
10
Effects of water quality
Temperature
&
5
20
30
parameters
DO
mg/í
0.2
0.4
0.8
50
150
250
Carbon
mg/í
Effects of nutrients
Phosphorus
mg/í
5
10
20
sulfate
mg/í
50
100
150
Effects of interfering ions
í
perchlorate
mg/
10
30
50
7$%/(
.LQHWLFVRIQLWUDWHUHPRYDOZLWKGLIIHUHQWZDWHUTXDOLW\SDUDPHWHUV
Chemical reduction
Biological denitrification
Parameter
Level
Unit
kobs1
R2
kobs2
R2
7
0.816
0.921
0.623
0.913
pH
9
0.325
0.951
0.470
0.965
10
0.341
0.951
0.771
0.920
0.463
0.938
0.635
0.931
0.2
PJ/í
0.4
PJ/í
DO
0.505
0.929
0.510
0.975
0.8
PJ/í
0.665
0.956
0.767
0.93
5
&
0.164
0.908
0.148
0.914
Temperature
20
&
0.723
0.985
0.251
0.964
30
&
0.883
0.957
1.042
0.997
IHUURXV LURQ VROXWLRQ XVLQJ .%+ LQ HWKDQRO±ZDWHU
VROXWLRQ >@ $OFDOLJHQHV HXWURSKXV D
K\GURJHQRWURSKLF EDFWHULXP ZDV FXOWXUHG LQ D
GXDO-IODVN DSSDUDWXV E\ IROORZLQJ RSHUDWLRQDO
SURFHGXUHVVLPLODUWRWKRVHUHSRUWHGLQRXUSUHYLRXV
ZRUN >@ 7KH RSWLFDO GHQVLW\ DW  QP RI WKH
H[SHULPHQWDOFHOOVXVSHQVLRQZDV±

S+ PHWHU 3+6-& 6DQ[LQ &KLQD  '2 YDOXHV
ZHUHGHWHUPLQHGRQD'2PHWHU $<6,86$ 
7KHOHYHORIDPPRQLXPLRQVZDVDQDO\]HGWKURXJK
WKHFRORULPHWULFPHWKRG>@DQGFRQFHQWUDWLRQVRI
QLWUDWH SKRVSKDWH VXOIDWH DQG FKORUDWH ZHUH
DQDO\]HG RQ DQ ,&6- LRQ FKURPDWRJUDSK
'LRQH[86$ 

%DWFK H[SHULPHQWV $OO GHQLWULILFDWLRQ
H[SHULPHQWV ZHUH FRQGXFWHG LQ  P/ VHUXP
ERWWOHV WKDW ZHUH VHDOHG ZLWK UXEEHU VWRSSHUV WR
FUHDWHDQDQR[LFDWPRVSKHUH(DFKERWWOHFRQWDLQHG
PJRIQDQRLURQDQGP/RIPHGLXPZLWK
PJ/íQLWUDWH17KHPHGLXPFRQWDLQHGP/RI
FHOO VXVSHQVLRQ  P/ RI GHLRQL]HG ZDWHU DQG 
P/RIFRQFHQWUDWHGVWRFNVROXWLRQWKHFRPSRQHQWV
RI ZKLFK ZHUH WKH VDPH DV LQ RXU SUHYLRXV ZRUN
>@,QWKHEDWFKH[SHULPHQWVWKHS+WHPSHUDWXUH
'2
1D+&2
FRQFHQWUDWLRQ
SKRVSKDWH
FRQFHQWUDWLRQ
VXOIDWH
FRQFHQWUDWLRQ
DQG
SHUFKORUDWHFRQFHQWUDWLRQ ZHUH VSHFLILHG DVVKRZQ
LQ7DEOH$OO RI WKH ERWWOHVZHUH LQFXEDWHGXQGHU
FRQVWDQWVKDNLQJDWUSP,QRUGHUWRHQVXUHWKH
GDWD UHOLDELOLW\ WKH H[SHULPHQWV LQ WKLV VWXG\ ZHUH
FDUULHGRXWLQWULSOLFDWH

'DWD DQDO\VLV %DVHG RQ RXU SUHYLRXV UHVXOWV
>@WKHG\QDPLFDOEHKDYLRURIQLWUDWHUHPRYDOZDV
GHWHUPLQHG E\ WKH FRPSHWLWLRQ EHWZHHQ WKH
FKHPLFDODQGELRORJLFDOUHDFWLRQV
7KHUDWHVRI QLWUDWHUHPRYDO WKURXJKQDQRLURQ
UHGXFWLRQZHUHHTXDOWRWKHUDWHVRIWKHE\-SURGXFWV
QLWULWHDQGDPPRQLD JHQHUDWLRQ7KXVWKHSORWRI
WKH ORJDULWKP RI WKH UDWLR RI QLWULWH DQG DPPRQLD
FRQFHQWUDWLRQ WR WKH LQLWLDO QLWUDWH FRQFHQWUDWLRQ
YHUVXVWLPHKDVDVORSHHTXDOWRNREV
§ N  N 2 · 1                 
§B ·
¸¸  t
k obs1 - Ln ¨¨ t ¸¸  t 1  Ln ¨¨ 1
© N0 ¹
© N0 ¹
ZKHUH %W LV WKH E\-SURGXFW FRQFHQWUDWLRQ DW
UHDFWLRQWLPHW1LVWKHQLWULWHFRQFHQWUDWLRQDWWKH
WWLPH1LVWKHDPPRQLDFRQFHQWUDWLRQDWWKHWWLPH
DQG1LVWKHLQLWLDOQLWUDWHFRQFHQWUDWLRQ
2QFH DPPRQLD JHQHUDWLRQ VWRSSHG QLWUDWH
UHPRYDO ZDV DOPRVW HQWLUHO\ DWWULEXWDEOH WR
ELRORJLFDO GHQLWULILFDWLRQ 'XULQJ WKLV VWDJH WKH
REVHUYHG UDWH FRQVWDQW RI QLWUDWH UHPRYDO NREV  LV
GHILQHGDVWKHUDWLRRIWKHORJDULWKPRIWKHUDWLRRI

$QDO\WLFDO SURFHGXUHV 6DPSOHV IURP WKH
EDWFK H[SHULPHQWV ZHUH FROOHFWHG ZLWK D  P/
V\ULQJHDWFHUWDLQLQWHUYDOVDQGWKHQILOWHUHGWKURXJK
D  P 0LOOLSRUH ILOWHU IRU DQDO\VLV DW  QP
7KHS+RIWKHVXVSHQVLRQZDVPRQLWRUHGE\XVLQJD
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QHXWUDOWRDONDOLQHFRXOGLQKLELWQLWUDWHUHGXFWLRQE\
LQVWDQWDQHRXV DPRXQWRIQLWURJHQORVVWRWKH LQLWLDO
QDQRLURQFRQVLVWHQWZLWKWKHILQGLQJVRIPRVWRIWKH
QLWUDWHFRQFHQWUDWLRQDQGWLPH
VWXGLHV > @ ,W LV JHQHUDOO\
      SUHYLRXV

§N ·
§ N  ( N 1  N 2  N 3 ) · 1             VLPLODU
¸¸  t
k obs 2 - Ln ¨¨ t ¸¸  t 1  Ln ¨¨ 0
DFFHSWHG
WKDW
QLWUDWH
UHGXFWLRQ VWRSV DW D S+ RI !
N0
© N0 ¹
©
¹
EHFDXVH RI JHQHUDWLRQ RI ODUJH DPRXQWV RI LURQ
ZKHUH1WLVWKHQLWURJHQORVVDWWLPHWDQG1
R[LGHV >@ +RZHYHU WKH FKHPLFDO UHGXFWLRQ E\
LVWKHQLWUDWHFRQFHQWUDWLRQDWWKHWWLPH
QDQRLURQVWLOO SURFHHGHGHYHQDWS+$SRVVLEOH
$OO H[SHULPHQWDO UHVXOWV REWDLQHG LQ WKH
UHDVRQ FRXOG EH WKH FKDQJH RI QDQRLURQ FRUURVLRQ
SUHVHQW VWXG\ ZHUH H[DPLQHG E\ YDULDQFH DQDO\VLV
SURGXFWVIURPWKHFRPSDFW)H2)H2W\SHWRWKH
VLJQLILFDQFH WHVW DQG OHDVW-VLJQLILFDQW GLIIHUHQFH
LQFRPSDFW)H22+W\SH>@
PXOWLSOH FRPSDULVRQ WHVW XVLQJ 2ULJLQ  DQG
$QLQFUHDVHLQWKHS+ZLWKLQWKHUDQJHRI±
3$6:6WDWLVWLFVVRIWZDUH
SURGXFHG QR VLJQLILFDQW HIIHFW S    RQ WKH
ELRORJLFDO GHQLWULI\LQJ UDWH NREV  FRQVLVWHQW ZLWK
WKHILQGLQJVRIHDUOLHUVWXGLHV>@
5(68/76$1'',6&866,21
$OVRWKHSRVVLEOHUHDVRQVIRUWKH1ORVVLQWKLV
VWXG\ LQFOXGHG L  1 IRUPDWLRQ E\ WKH ELRORJLFDO
GHQLWULILFDWLRQ UHDFWLRQ LL  WKH IRUPDWLRQ RI
(IIHFWV RI ZDWHU TXDOLW\ SDUDPHWHUV $V
VLJQLILFDQW DPRXQWV RI 12 DQG RWKHU QLWURJHQ
VKRZQLQ7DEOHDQG)LJ6,S+KDGDVLJQLILFDQW
R[LGHV DQG LLL  DGVRUEHG LQRUJDQLF QLWURJHQ LRQV
LQKLELWRU\ HIIHFW RQ WKH GHQLWULILFDWLRQ NLQHWLFV RI
+RZHYHU WKHUH LV QR PRUH GDWD LQ WKLV VWXG\ WR
WKH FRPELQHG QDQRLURQ±EDFWHULD V\VWHP 7KH NREV
YHULI\WKHIDWHRIQLWURJHQ
í
GHFUHDVHG IURP  WR  G  ZKHQ WKH S+
:KHQWKH'2OHYHOZDVLQFUHDVHGIURPWR
LQFUHDVHG IURP  WR  DQG PDGH QR VLJQLILFDQW
í
PJ/
NREV ±Gí DQGNREV ±
GLIIHUHQFH EHWZHHQ WKH UHDFWLRQV ZLWK S+  DQG
S+  7KH UHVXOWV VKRZ WKDW HOHYDWHG S+ IURP
2497

© by PSP

Volume 26 ± No. 4/ 2017 pages 2495-2503

Fresenius Environmental Bulletin

),*85(6,

Parameter
Carbon

Phosphorus

7$%/(
.LQHWLFVRIQLWUDWHUHPRYDOLQWKHV\VWHPZLWKGLIIHUHQWQXWULHQWOHYHOV
Chemical reduction
Biological denitrification
Level
Unit
2
kobs1
R
kobs2
R2
í
0.475
0.883
0.599
0.872
50
PJ/
150
PJ/í
0.468
0.978
0.438
0.837
250
PJ/í
0.819
0.999
0.609
0.941
0.290
0.981
0.202
0.992
5
PJ/í
10
PJ/í
0.423
0.947
0.336
0.998
20
PJ/í
0.378
0.989
0.237
0.953

 Gí  NHSW LQ D VPDOOHU H[WHQW DV VKRZQ LQ
7DEOHDQG)LJ6,7KLVUHVXOWLQGLFDWHVWKDWWKH
'2OHYHOKDGQRVLJQLILFDQWLPSDFWRQNREVDQGNREV
$ SRVVLEOH UHDVRQ IRU WKLV FRXOG EH WKH
VWRLFKLRPHWULFDOO\ H[FHVV GRVDJH RI QDQRLURQ XVHG
LQ WKLV VWXG\ UHVXOWLQJ LQ UDSLG FRQVXPSWLRQ RI
R[\JHQE\QDQRLURQ
)XUWKHUPRUHWKHDVVXPSWLRQWKDWWKHGHFUHDVH
LQ WHPSHUDWXUH FRXOG LQKLELW PRVW RI WKH FKHPLFDO
DQGELRORJLFDOUHDFWLRQVLVFRQILUPHGE\WKHUHVXOWV
RI WKH VWXG\ 7DEOH  DQG )LJ 6,   :H ILQG QR
VLJQLILFDQW GLIIHUHQFH LQ NREV YDOXHV DW ± &
+RZHYHU ZKHQ WKH V\VWHP WHPSHUDWXUH GHFUHDVHG

IURPWR&NREVGHFUHDVHGIURPWR
Gí2QWKHRWKHUKDQGWKHHIIHFWRIWHPSHUDWXUHRQ
NREV ZDV PRUH SURQRXQFHGDW& NREV ZDVRQO\
 DQG  RI WKH YDOXHV DW  DQG  &
UHVSHFWLYHO\
(IIHFWV RI QXWULHQWV :LWK WKH LQFUHDVH RI
VRGLXP ELFDUERQDWH IURP  WR  PJ /í NREV
LQFUHDVHGIURPWRGí 7DEOHDQG)LJ
6,   5XDQJFKDLQLNRP DQG /LDR >@ FRQVLGHUHG
WKH EXIIHU HIIHFW RI +&2í DQG UHSRUWHG WKDW
DGGLWLRQRI&2+&2íFRXOGSURPRWHWKHUHDFWLRQ
RIQDQRLURQDQGQLWUDWH+RZHYHUWKHDPRXQWRI
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7$%/(
.LQHWLFVRIQLWUDWHUHPRYDOLQWKHV\VWHPZLWKGLIIHUHQWLQWHUIHULQJLRQV
chemical reduction
biological denitrification
Parameter
Level
Unit
2
kobs1
R
kobs2
R2
í
0.788
0.999
0.808
0.968
50
mg/
Sulfate
100
mg/í
0.452
0.972
0.375
0.946
200
mg/í
0.406
0.988
0.554
0.983
í
0.635
0.922
0.584
0.971
10
mg/
Perchlorate 30
0.557
0.925
0.540
0.978
mg/í
50
mg/í
0.470
0.977
0.319
0.921
lowering the nitrate removal efficiency. The results
VRGLXP ELFDUERQDWH GLG QRW KDYH D QRWLFHDEOH
reveal that both ions could inhibit nitrate removal
LPSDFWRQNREVSUREDEO\EHFDXVHRIWKHORZGHPDQG
by the chemical and biological processes (Table 3).
IRUDFDUERQVRXUFHLQELRORJLFDOGHQLWULILFDWLRQ (T
When the sulfate concentration was increased
  $ &1 UDWLR RI  LV VXIILFLHQW IRU EDFWHULDO
from 50 to 100 mg/í, kobs1 and kobs2 decreased by
JURZWK>@
12í  +  &2   + ĺ
42.6% and 53.6 % (Fig. SI 6), respectively. In
&+211+2   
addition, there was no significant difference in kobs1
$VVKRZQLQ7DEOHDQG)LJ6,SKRVSKRUXV
and kobs2 when the sulfate concentration was in the
VRXUFHV GLG QRW VLJQLILFDQWO\ DIIHFW HLWKHU FKHPLFDO
range of 100±200 mg/í. As demonstrated in Eqs.
RU ELRORJLFDO UHDFWLRQ GXH WR WKH ORZ SKRVSKRUXV
7 and 8, sulfate is less oxidizable than nitrate; hence,
UHTXLUHPHQW
the competition with sulfate might be limited within
a certain range.
(IIHFWV RI LQWHUIHULQJ LRQV Certain anions in
water, such as VXOIDWH DQG SHUFKORUDWH could be
NO3í + H2O + 2eí ĺNO2í +2OHí E = 0.01 V
(7)
reduced in competition with nitrate and thus
SO4í + H2O + 2eí ĺ623í + 2OHí E í9         
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6LULQJDQ ) %XDSHQJ 6 'HOLQRP 5
<RVKLPL]X & 7D\DVX , 1DJDWD 7 DQG
7DQLJXFKL 0   6RXUFHV RI QLWUDWH DQG
DPPRQLXP FRQWDPLQDWLRQ LQ JURXQGZDWHU
XQGHUGHYHORSLQJ$VLDQPHJDFLWLHV6FLHQFHRI
WKH7RWDO(QYLURQPHQW-
[3] 6DPDW\D6.DED\1<NVHOh$UGD0
DQG<NVHO0  5HPRYDORIQLWUDWHIURP
DTXHRXV VROXWLRQ E\ QLWUDWH VHOHFWLYH LRQ
H[FKDQJH UHVLQV 5HDFWLYH DQG )XQFWLRQDO
3RO\PHUV-
[4] $KQ -+ &KRR .+ DQG 3DUN +6  
5HYHUVHRVPRVLVPHPEUDQHWUHDWPHQWRIDFLGLF
HWFKDQWZDVWHZDWHU(IIHFWRIQHXWUDOL]DWLRQDQG
SRO\HOHFWURO\WH FRDWLQJ RQ QLWUDWH UHPRYDO
-RXUQDORI0HPEUDQH6FLHQFH-
[5] 6i - DQG 9LQHN +   &DWDO\WLF
K\GURJHQD-WLRQ RI QLWUDWHV LQ ZDWHU RYHU D
ELPHWDOOLF FDWDO\VW $SSOLHG &DWDO\VLV %-
(QYLURQPHQW-
[6] 7LOO %$ :HDWKHUV /- DQG $OYDUH] 3--
 
)H  -
VXSSRUWHG
DXWRWURSKLF
GHQLWULI\FDWLRQ (QYLURQPHQW 6FLHQFH DQG
7HFKQRORJ\-
[7] .LHOHPRHV-'H%RHYHU3DQG9HUVWUDHWH:
  ,QIOXHQFH RI GHQLWULILFDWLRQ RQ WKH
FRUURVLRQ RI LURQ DQG VWDLQOHVV VWHHO SRZGHU
(QYLURQPHQW 6FLHQFH DQG 7HFKQRORJ\ 
-
[8] %LVZDV 6 DQG %RVH 3   =HUR±YDOHQW
LURQ±DVVLVWHG DXWRWURSKLF GHQLWULILFDWLRQ
-RXUQDO RI (QYLURQPHQWDO (QJLQHHULQJ-$6&(
-
[9] 6KLQ .+ DQG &KD '.   0LFURELDO
UHGXFWLRQ RI QLWUDWH LQ WKH SUHVHQFH RI
QDQRVFDOH ]HUR-YDOHQW LURQ &KHPRVSKHUH 
-
[10] <DQJ *&& DQG /HH +/   &KHPLFDO
UHGXFWLRQRIQLWUDWHE\QDQRVL]HGLURQNLQHWLFV
DQGSDWKZD\V:DWHU5HVHDUFK-
[11] $Q < /L 7 -LQ = 'RQJ 0 DQG /L 4
 1LWUDWHGHJUDGDWLRQDQGNLQHWLFDQDO\VLV
RI WKH GHQLWULILFDWLRQ V\VWHP FRPSRVHG RI LURQ
QDQRSDUWLFOHV DQG K\GURJHQRWURSKLF EDFWHULD
'HVDOLQDWLRQ-
[12] :DQJ:-LQ=/L7=KDQJ+DQG*DR6
  3UHSDUDWLRQ RI VSKHULFDO LURQ
QDQRFOXVWHUV LQ HWKDQRO±ZDWHU VROXWLRQ IRU
QLWUDWHUHPRYDO&KHPRVSKHUH-
[13] &KLQD(3$  $QDO\VLV0HWKRGVIRU:DWHU
DQG:DVWHZDWHU WKHG &KLQHVH(QYLURQPHQWDO
6FLHQFH3UHVV%HLMLQJ LQ&KLQHVH
[14] $Q < /L 7 -LQ = 'RQJ 0 /L 4 DQG
:DQJ 6   'HFUHDVLQJ DPPRQLXP
JHQHUDWLRQ XVLQJ K\GURJHQRWURSKLF EDFWHULD LQ
WKH SURFHVV RI QLWUDWH UHGXFWLRQ E\ QDQRVFDOH
]HUR-YDOHQW LURQ 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW-

In recent years, many studies have reported on
perchlorate removal using iron nanoparticles,
biological dechlorination [22, 23], or a combination
of both. Results of the present study show that with
the increase in perchlorate concentration from 10 to
50 mg /í, kobs1 and kobs2 decreased by 26.0 and
45.4 % (Fig. SI 7), respectively.
Numerous studies have reported that it is
difficult to reduce sulfate or perchlorate using
nanoiron alone and that certain bacteria could
utilize molecular hydrogen to remove sulfate or
perchlorate [24,25]. Therefore, it is reasonable to
conclude that the effect of sulfate or perchlorate on
chemical reduction is weaker than that of biological
degradation.

&21&/86,216
,Q WKLV VWXG\ D FRPELQHG V\VWHP RI QDQRLURQ
DQGDXWRWURSKLFEDFWHULDZDVXVHGWRUHGXFHQLWUDWH
2Q WKH EDVLV RI RXU UHVXOWV WKH IROORZLQJ
FRQFOXVLRQVFRXOGEHGUDZQ
 $Q LQFUHDVH IURPWR LQS+UHVXOWHGLQ
DQ LQFUHDVH LQ NREV DQG SURGXFHG QR VLJQLILFDQW
HIIHFWRQNREV
  /RZ WHPSHUDWXUH SOD\HG D UROH LQ
GHFUHDVLQJERWKNREVDQGNREVLQ-&
 $QLQFUHDVHLQWKHDPRXQWRIFDUERQVRXUFH
IURP  WR  PJ /í LQFUHDVHG NREV EXW KDG QR
VLJQLILFDQWHIIHFWRQNREV
  7KH '2 - PJ /í  WKH SKRVSKRUXV
VRXUFH - PJ /í   DQG SHUFKORUDWH
FRQFHQWUDWLRQ - PJ /í GLGQRWDIIHFWHLWKHU
NREVRUNREV
  7KH SUHVHQFH RI VXOIDWH - PJ /í 
LQKLELWHGERWKFKHPLFDODQGELRORJLFDOSURFHVVHVIRU
QLWUDWHUHPRYDO

$&.12:/('*(0(176 
7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWLRQDO
1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD 1R
   DQG ZDV SDUWO\ IXQGHG E\
WKH &HQWUDO 3XEOLF 5HVHDUFK ,QVWLWXWHV %DVLF )XQGV
IRU 5HVHDUFK DQG 'HYHORSPHQW
$JUR-
(QYLURQPHQWDO 3URWHFWLRQ ,QVWLWXWH 0LQLVWU\ RI
$JULFXOWXUH 

5()(5(1&(6  
[1] :DNLGD )7 DQG /HUQHU '1  
1RQ-DJULFXOWXUDOVRXUFHVRIJURXQGZDWHUQLWUDWH
D UHYLHZ DQG FDVH VWXG\ :DWHU 5HVHDUFK 
-
[2] 8PH]DZD < +RVRQR 7 2QRGHUD 6
2502
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[15] +XDQJ <+ DQG =KDQJ 7&   .LQHWLFV
RIQLWUDWHUHGXFWLRQE\LURQDWQHDUQHXWUDOS+
-RXUQDO RI (QYLURQPHQWDO (QJLQHHULQJ-$6&(
-
[16] /LRX <+ /R 6 /LQ & .XDQ :+ DQG
:HQJ 6&   &KHPLFDO UHGXFWLRQ RI DQ
XQEXIIHUHGQLWUDWHVROXWLRQXVLQJFDWDO\]HGDQG
XQFDWDO\]HGQDQRVFDOHLURQSDUWLFOHV-RXUQDORI
+D]DUG0DWHULDO-
[17] +XDQJ&3:DQJ+:DQG&KLX3&  
1LWUDWH UHGXFWLRQ E\ PHWDOOLF LURQ :DWHU
5HVHDUFK-
[18] $Q < 'RQJ 4 DQG =KDQJ .  
%LRLQKLELWRU\ (IIHFW RI +\GURJHQRWURSKLF
%DFWHULD RQ 1LWUDWH 5HGXFWLRQ E\ 1DQRVFDOH
=HUR-YDOHQW,URQ&KHPRVSKHUH-
[19] 5XDQJFKDLQLNRP & DQG /LDR &+  
&KDUDFWHULVWLFV RI QLWUDWH UHGXFWLRQ E\ ]HUR±
YDOHQWLURQSRZGHULQWKHUHFLUFXODWHGDQG&2±
EXEEOHGV\VWHP:DWHU5HVHDUFK-
[20] 6PLWK 5/ %XFNZDOWHU 63 5HSHUW '$
DQG 0LOOHU '1   6PDOO-VFDOH
K\GURJHQ-R[LGL]LQJ-GHQLWULI\LQJ ELRUHDFWRU IRU
WUHDWPHQW RI QLWUDWH-FRQWDPLQDWHG GULQNLQJ
ZDWHU:DWHU5HVHDUFK-
[21] .DUDQDVLRV .$ 9DVLOLDGRX ,$ 3DYORX 6
DQG 9D\HQDV '9   +\GURJHQRWURSKLF
GHQLWULILFDWLRQ RI SRWDEOH ZDWHU $ UHYLHZ
-RXUQDO RI (QYLURQPHQWDO (QJLQHHULQJ-$6&(
-
[22] +HUPDQ'&DQG)UDQNHQEHUJHU:7  
%DFWHULDO 5HGXFWLRQ RI 3HUFKORUDWH DQG 1LWUDWH
LQ:DWHU-RXUQDORI(QYLURQPHQWDO4XDOLW\
-
[23] <X ; $PUKHLQ & 'HVKXVVHV 0$ DQG
0DWVXPRWR 05
  3HUFKORUDWH
5HGXFWLRQ E\ $XWRWURSKLF %DFWHULD LQ WKH
3UHVHQFH RI =HUR-9DOHQW ,URQ (QYLURQPHQW
6FLHQFHDQG7HFKQRORJ\-
[24] &DR - (OOLRWW ' DQG =KDQJ :;  
3HUFKORUDWH 5HGXFWLRQ E\ 1DQRVFDOH ,URQ
3DUWLFOHV -RXUQDO RI 1DQRSDUWLFOH 5HVHDUFK 
-
[25] 6X & DQG 3XOV 5:   $UVHQDWH DQG
$UVHQLWH 5HPRYDO E\ =HURYDOHQW ,URQௗ (IIHFWV
RI 3KRVSKDWH 6LOLFDWH &DUERQDWH %RUDWH
6XOIDWH &KURPDWH 0RO\EGDWH DQG 1LWUDWH
5HODWLYHWR&KORULGH(QYLURQPHQW6FLHQFHDQG
7HFKQRORJ\-

5HFHLYHG 
$FFHSWHG  

&255(6321',1*$87+25
Yi An
Institute of Agro-environmental Protection,
Ministry of Agriculture; Key Laboratory of
Production Environment and Agro-product Safety,
Ministry of Agriculture, Tianjin 300191, China
email: simon8601@gmail.com
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Erratum

%,2'(*5$'$7,212)3<5,',1(,16(48(1&,1*%$7&+
%,2),/05($&725%$6('21',662/9('2;<*(1
&21752/
<DQFKHQJ/L-LDQ=KRX%HQ]KRX*RQJ)DQJIDQJ-L4LDQJ+H
.H\/DERUDWRU\RIWKH7KUHH*RUJHV5HVHUYRLU¶V(FR(QYLURQPHQWV&KRQJTLQJ8QLYHUVLW\&KRQJTLQJ35&KLQD

$%675$&7
,Q WKLV VWXG\ GLVVROYHG R[\JHQ '2  ZDV
FRQWUROOHG LQ D VHTXHQFLQJ EDWFK ELRILOP UHDFWRU
6%%5  WR FRQVWUXFW WKH S\ULGLQH ZDVWHZDWHU
ELRGHJUDGDWLRQ V\VWHP 7KH HIIHFWV RI '2
FRQFHQWUDWLRQ DQG S\ULGLQH ORDGLQJ RQ WKH V\VWHP
UHPRYDO HIILFLHQF\ ZHUH LQYHVWLJDWHG 5HVXOWV
VKRZHG WKDW WKH RSWLPDO '2 FRQFHQWUDWLRQ DQG
S\ULGLQH ORDGLQJ ZHUH  PJ/ DQG  NJ
&2' PñāG  UHVSHFWLYHO\ 8QGHU RSHUDWLQJ
FRQGLWLRQVS\ULGLQHUHPRYDOUDWHE\ELRGHJUDGDWLRQ
FRXOG UHDFK  *&06 DQDO\VHU ZDV XVHG WR
GHWHUPLQHWKHZDWHUTXDOLW\RIHIIOXHQWDQGWKHPDLQ
LQWHUPHGLDWH SURGXFWV RI ELRGHJUDGDWLRQ ZHUH 
SHQWDQRQH SHQWDQRQH PHWK\OEXW\UDWH DQG
GLPHWK\OIRUPDPLGH $V UHYHDOHG E\ WKH '**(
UHVXOWV WKH GHJUDGDWLRQ RI S\ULGLQH LQ WKH 6%%5
V\VWHPZDVDV\QHUJLVWLFHIIHFWRIGLIIHUHQWNLQGVRI
PLFURRUJDQLVPV LQFOXGLQJ YDULRXV GRPLQDQW
EDFWHULD H[LVWLQJ LQ D V\VWHP 7KH PDLQ GRPLQDQW
PLFURRUJDQLVPV ZHUH 6KLQHOOD ]RRJORHRLGHV DQG
$FLGRYRUD[ FDHQL DV VXJJHVWHG E\ WKH UHVXOWV RI
'1$VHTXHQFLQJRIWKH9UHJLRQ

.(<:25'6
3\ULGLQH %LRGHJUDGDWLRQ 6%%5 'LVVROYHG R[\JHQ
FRQWURO3&5'**(

INTRODUCTION
3\ULGLQHLVHDV\WRVROXWHLQZDWHUDQGLVVROXEOH
LQ EHQ]HQH HWKHU DQG DOFRKRO ,W LV WR[LF
FDUFLQRJHQLF DQG WHUDWRJHQLF DQG LV UDWHG DV D
SULRULW\RUJDQLFSROOXWDQWE\86(3$>@3\ULGLQHLV
XVHGDVVROYHQWLQSDLQWDQGUXEEHUSUHSDUDWLRQDQG
LV XVHG LQ PDQXIDFWXULQJ LQVHFWLFLGHV SKDUPD
FHXWLFDOV DQG KHUELFLGHV >@ 7KH FRQFHQWUDWLRQ RI
S\ULGLQH LQ LQGXVWULDO ZDVWHZDWHU UDQJHV IURP 
PJ/WRPJ/DQGVRPHWLPHVUHDFKHVPJ/
>@ ZKLFK FDQ VHULRXVO\ SROOXWH WKH ZDWHU
HQYLURQPHQWLIGLVFKDUJHGZLWKRXWWUHDWPHQW

3\ULGLQH GHJUDGDWLRQ WHFKQRORJLHV PDLQO\
FRQVLVWRISK\VLFRFKHPLFDODQGELRORJLFDOWUHDWPHQW
6RPH SK\VLFRFKHPLFDO WHFKQRORJLHV VXFK DV
DGVRUSWLRQ >@ HPXOVLRQ OLTXLG PHPEUDQH >@
VROYHQW LPSUHJQDWHG UHVLQV >@ FDWDO\WLF ZHW
R[LGDWLRQ >@ FDWDO\WLF VXSHUFULWLFDO R[LGDWLRQ >@
IHQWRQR[LGDWLRQ>@SKRWRFDWDO\WLFR[LGDWLRQ>@
HOHFWURFKHPLFDO PHWKRG >@ DQG PLFURZDYH
UDGLDWLRQ >@ KDYH DOUHDG\ EHHQ XVHG WR WUHDW
S\ULGLQHZDVWHZDWHU
$V IRU ELRORJLFDO WUHDWPHQW UHVHDUFKHUV KDYH
FRQGXFWHG FRQVLGHUDEOH ZRUN RQ S\ULGLQH
GHJUDGDWLRQ VWUDLQV VXFK DV 3VHXGRPRQDV
SVHXGRDOFDOLJHQHV±.31 >@ 3DUDFRFFXV VS
%: >@ 3DUDFRFFXV GHQLWULILFDQV : >@
3DUDFRFFXV VS .7 > @ 6KHZDQHOOD
SXWUHIDFLHQV DQG %DFLOOXV VSKDHULFXV >@
5KRGRFRFFXVVWUDLQ&KU>@$]RDUFXVVS6WDLQ
S) >@ 6KLQHOOD ]RRJORHRLGHV %& >@ DQG
6WUHSWRP\FHV VS +- >@ )XUWKHUPRUH GLIIHUHQW
NLQGVRIELRUHDFWRUV\VWHPVKDYHEHHQXVHGWRWUHDW
ZDVWHZDWHU FRQWDLQLQJ S\ULGLQH DQG LWV GHULYDWLYH
VXFK DV LPPRELOL]HG EDFWHULDO DQDHURELF±DHURELF
ELRUHDFWRUV\VWHP>@URWDWLQJURSHELRUHDFWRU>@
FRPSOHWHO\ PL[HG DFWLYDWHG VOXGJH  UHDFWRU >@
PHPEUDQHELRUHDFWRU>@DELRILOWHU>@DSDFNHG
EHG ELRUHDFWRU >@ DQG ELRDXJPHQWHG ]HROLWH
ELRORJLFDODHUDWHGILOWHUV>@
6HTXHQFLQJEDWFKELRILOPUHDFWRU 6%%5 LVD
ELRUHDFWRUV\VWHPXVHGWRWUHDWGHJUDGDWLRQUHVLVWDQW
ZDVWHZDWHU:LWKGLIIHUHQWNLQGVRIILOOLQJPDWHULDO
6%%5 FDQ UHDOLVH SROOXWDQW UHPRYDO LQ RUJDQLF
ZDVWHZDWHU >@ )XUWKHUPRUH 6%%5 FDQ
LPSURYH WUHDWLQJ HIILFLHQF\ WR VRPH H[WHQW ZKHQ
SDUWLFXODU EDFWHULD DUH LQRFXODWHG WR WKH UHDFWRU
+RZHYHU WKH LQRFXODWHG EDFWHULD DUH QRW WKH
GRPLQDQW VSHFLHV LQ WKH V\VWHP >   @
1XPHURXV EDFWHULD FDQ XVH S\ULGLQH DV WKH RQO\
FDUERQVRXUFH>@
$ ELRUHDFWRU FDQ EH XVHG IRU WKH ELRORJLFDO
GHJUDGDWLRQRIZDVWHZDWHUZLWKS\ULGLQHDVWKHVROH
FDUERQ VRXUFH LQ WKH V\VWHP ,Q DGGLWLRQ D
SUHOLPLQDU\ H[SHULPHQW VKRZHG WKDW '2 FDQ EH
FRQWUROOHGLQ6%%5WREXLOGWKHS\ULGLQHZDVWHZDWHU
ELRGHJUDGDWLRQ V\VWHP 7KXV LQ WKLV VWXG\ D ODE
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VFDOH6%%5ZDVXVHGWRWUHDWS\ULGLQHEDVHGRQ'2
FRQWURO ,Q DGGLWLRQ D *&06 DQDO\VHU ZDV
HPSOR\HGWRGHWHUPLQHWKHLQWHUPHGLDWHSURGXFWVRI
ELRGHJUDGDWLRQ 0LFURELDO FRPPXQLW\ ZDV DVVD\HG
E\ 3&5'**( DQG WKH UHSUHVHQWDWLYH EDQG ZDV
FKRVHQIRU'1$VHTXHQFLQJRIWKH9UHJLRQ

MATERIALS AND METHODS
0DWHULDOV &KHPLFDOV $OO FKHPLFDOV XVHG LQ
WKH H[SHULPHQWV ZHUH DQDO\WLFDO RU UHDJHQW JUDGH
7KHS\ULGLQH $5JUDGH XVHGIRUWKHH[SHULPHQWZDV
REWDLQHG IURP$ODGGLQ ,QGXVWULDO &RUSRUDWLRQ /RV
$QJHOHV 86$  $FWLYDWHG VHHGLQJ VOXGJH ZDV
REWDLQHG IURP D PXQLFLSDO ZDVWHZDWHU WUHDWPHQW
SODQW 0LFURHOHPHQW ZDV DGGHG WR PHHW WKH
QXWULWLRQDOUHTXLUHPHQWRIPLFURRUJDQLVPVDQGOLVWHG
DV IROORZV PJ/  1+&O  .+32 
0J62ā+2  )H62ā+2  &D&O
 =Q62ā+2  &2&Oā+2 
0Q62DQG1D0R2ā+2
%LRUHDFWRU7KHH[SHULPHQWDOUHDFWRULVVKRZQ
LQ )LJXUH  6%%5 ZDV XVHG GXULQJ WKH H[SHULPHQW
IHHGLQJ ZLWK DUWLILFLDO ZDVWHZDWHU 7KH UHDFWRU KDG D
ZRUNLQJYROXPHRI/ FPKHLJKWFPGLDPHWHU 
ZLWKDELRILOPGHQVLW\7KHUHDFWRUZDVILOOHGZLWK
FRPELQDWLRQ RI SDFNLQJ PDWHULDO 7KH SDFNLQJ PDWHULDO
FRQVLVWHG RI D SODVWLF GLVF KDQJLQJ ZLWK VHPLIOH[LEOH
ILOLIRUPDQGZKLWHPDWHULDO7KHEXQFKPDWHULDORIHDFK
SODVWLFGLVFZHLJKHGJWRJ7KHR[\JHQZDVVXSSOLHG
E\DQDLUSXPSWRHDFKUHDFWRUZKLFKZDVRSHUDWHGLQ
WKH IRUP RI ³LQIOXHQWUHDFWLRQVHGLPHQWDWLRQ
HIIOXHQW´7KHUHDFWRUZDVSODFHGLQDQLQFXEDWRUWR
PDLQWDLQDWHPSHUDWXUHFRQVWDQWRI&&
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WHPSHUDWXUH ZDV PDLQWDLQHG FRQVWDQW DW  &
&DQGS+ZDVQRWFRQWUROOHG7KHH[SHULPHQW
FRQVLVWHG RI WKUHH SKDVHV )LUVWO\ WKH '2
FRQFHQWUDWLRQLQWKH6%%5V\VWHPWUHDWLQJS\ULGLQH
ZDVWHZDWHUZDVLQYHVWLJDWHG7KH'2ZDVFRQWUROOHG
DWPJ/WRPJ/ZLWKDORDGLQJUDWHRINJ
&2' PñāG 6HFRQGO\LQIOXHQWORDGLQJZDVGHWHFWHG
XQGHU RSWLPDO '2 FRQGLWLRQV DQG ORDGLQJ ZDV
FRQWUROOHGDWNJ&2' PñāG WRNJ&2' PñāG 
)LQDOO\ *&06 DQDO\VHU 3&5'**( DQG '1$
VHTXHQFLQJ ZHUH XVHG WR DQDO\VH WKH LQWHUPHGLDWH
SURGXFWV RI ELRGHJUDGDWLRQ DQG PLFURELDO
FRPPXQLWLHVRIWKHV\VWHP
:DVWHZDWHU TXDOLW\ DQDO\VLV $Q XOWUDYLROHW
89 ±YLVLEOH VSHFWURSKRWRPHWHU '5 +DFK
86$  ZDV XVHG WR PHDVXUH S\ULGLQH FRQFHQWUDWLRQ
ZLWKDQDEVRUSWLRQZDYHOHQJWKRIQP7KHOLQHDU
UHODWLRQ EHWZHHQ S\ULGLQH FRQFHQWUDWLRQ & DQG
DEVRUEDQFHYDOXH$ZDV& $5  &
PJ/WRPJ/ 72&ZDVDQDO\VHGE\89OLJKW
FDWDO\WLFR[LGDWLRQ (OHPHQWDU/LTXL72&*HUPDQ\ 
7KH '2 SDUDPHWHUV DQGWHPSHUDWXUH ZHUH WHVWHGE\
XVLQJ D '2 PHWHU +4G +DFK 86$  7KH S+
SDUDPHWHUVZHUHWHVWHGE\DS+PHWHU VHQVLRQ+DFK
86$ 

),*85(
([SHULPHQWDOHTXLSPHQWRI6%%5

*&06DQDO\VLVIRUZDVWHZDWHUFRPSRVLWLRQ
$*&06DQDO\VHU $JLOHQW&86$ ZDV
HPSOR\HG WR LGHQWLI\ WKH PDMRULW\ RI FRPSRXQGV
7KH VDPSOHV ZHUH SUHWUHDWHG ZLWK PHWK\O
HVWHULILFDWLRQ DQG OLTXLG±OLTXLG H[WUDFWLRQ )RU
PHWK\OHVWHULILFDWLRQWKHVDPSOHVZHUHRVFLOODWHGLQ
D & VKDNLQJ WDEOH ZLWK  VROXWLRQ
+62&+2+   IRU  K ,VRS\NQLF
GLFKORURPHWKDQH ZDV XVHG LQ WKH OLTXLG±OLTXLG
H[WUDFWLRQ
$'% PîPPîȝP ZDVXVHG
XQGHUWKHIROORZLQJFRQGLWLRQVȝ/DWDVSOLWUDWLR
 LQMHFWLRQ WHPSHUDWXUH  & FDUULHU JDV
KHOLXP P/PLQ WHPSHUDWXUHSURJUDP &
LVRWKHUPDO IRU  PLQ SURJUDPPLQJ WR  & DW
 &PLQ KHOG DW  & IRU  PLQ  PDVV VFDQ
UDQJH  DPX WR  DPX LRQLVDWLRQ (, HOHFWURQ
ERPEDUGPHQW HQHUJ\  (Y DQG LRQ VRXUFH
WHPSHUDWXUH&7KHFRPSRXQGVZHUHLGHQWLILHG
XVLQJ WKH &KHP 1HW &KLQD VRIWZDUH GDWDEDVH
&KHPLFDO &$6 'DWDEDVH ZLWK *OREDO &KHPLFDO
6XSSOLHUV 

0HWKRGV ([SHULPHQWDO SURFHGXUH 7KH
6%%5 V\VWHP ZDV VHHGHG E\ VOXGJH  J/ 766 
IURP D PXQLFLSDO ZDVWHZDWHU WUHDWPHQW SODQW 7KH
UHDFWRU ZDV VHTXHQWLDOO\ RSHUDWHG DQG WKH F\FOLQJ
SURILOHFRPSULVHGDQLQIOXHQWSKDVHRIKK
UHDFWLRQ  K VHGLPHQWDWLRQ DQG  K HIIOXHQW
ZLWKGUDZDO7KH+57ZDVGHWHUPLQHGDWKDQG
YROXPH H[FKDQJH UDWLR ZDV DSSUR[LPDWHO\  7KH

3RO\PHUDVH FKDLQ UHDFWLRQGHQDWXULQJ
JUDGLHQW JHO HOHFWURSKRUHVLV 3&5'**( 
%LRILOPVZLWKILEUHVZHUHUHPRYHGIURPWKH6%%5
UHDFWRUV DQG FRQVHUYHG LQ  P/ FHQWULIXJH WXEHV
6XEVHTXHQWO\WKHRSWLPDOGRVHRIVOXGJHVDPSOHZDV
SODFHGLQWRDP/(SSHQGRUIWXEHDFFRUGLQJWRWKH
DPRXQW RI ELRORJLFDO VDPSOHV 6DPSOH '1$ ZDV
WKHQH[WUDFWHGE\DEHDGEHDWHUDQGVXEMHFWHGWRWKUHH
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IUHH]H±WKDZF\FOHV>@
$IWHU'1$H[WUDFWLRQWKH'1$RIHDFKVDPSOH
ZDV3&5DPSOLILHGDQG WKHQ '**( DQDO\VHG7KH
PHWKRGRI3&5'**(ZDVWKHVDPHDVWKDWXVHGE\
=KDQJ =KRX +DQ DQG =KDQJ >@ $IWHU
HOHFWURSKRUHVLVWKHJHOVZHUHVRDNHGIRUPLQLQ
 JP/ HWKLGLXP EURPLGH VROXWLRQ DQG
SKRWRJUDSKHG XVLQJ WKH %,25$' 9HUVD 'RF JHO
LPDJLQJ V\VWHP *HO LPDJHV ZHUH GLVSRVHG DQG
DQDO\VHG E\ 4XDQWLWDWLRQ 6RIWZDUH YHUVLRQ 
%LR5DG/DERUDWRULHV86$ 
7KHQRWLFHDEOHEDQGRIHDFKJHOZDVFROOHFWHG
DQG VHQW IRU '1$ VHTXHQFLQJ RI WKH 9 UHJLRQ
%LRWHFKQRORJ\ &R %*, 7KHDFTXLUHGVHTXHQFHV
ZHUH VXEPLWWHGWR*HQ%DQN DW WKH 1DWLRQDO &HQWUH
IRU %LRWHFKQRORJ\ ,QIRUPDWLRQ KWWSZZZQFEL
QOPQLKJRYEODVW  DQG KRPRORJ\ FRPSDULVRQ ZDV
SHUIRUPHGXVLQJ%/$67LQWKH*HQ%DQNGDWDEDVH
6KDQQRQ±:LHQHU¶V
GLYHUVLW\
LQGH[
6KDQQRQ±:LHQHU¶VGLYHUVLW\LQGH[ZDVXVHGWRVKRZ
PLFURELDO GLYHUVLW\ LQ GLIIHUHQW EDQGV DQG WKH
FRPSXWDWLRQDOIRUPXOD>@LVVKRZQDVEHORZ
S

H
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)LJXUHVKRZVWKDWWKHUHPRYDOUDWHRIS\ULGLQHDQG
72&E\WKH6%%5V\VWHPLQFUHDVHGDQGDQDSSDUHQW
WXUQLQJSRLQWH[LVWHGDWPJ/3\ULGLQHDQG72&
UHPRYDO UDWH UDQJHG IURP  WR  DQG
 WR  UHVSHFWLYHO\ ZKHQ '2 UDQJHG
IURPPJ/WRPJ/2QO\LQFUHDVHVRI
DQGZHUHREVHUYHG7KXVWKHRSWLPDO'2ZDV
PJ/
:KHQ '2 FRQFHQWUDWLRQ ZDV FRQWUROOHG DW 
PJ/ DQG S\ULGLQH ORDGLQJ UDQJHG IURP  NJ
&2' PñāG WRNJ&2' PñāG WKH6%%5V\VWHP
ZRUNHG VWDEO\ DIWHU  G )LJXUH  VKRZV WKDW WKH
UHPRYDO UDWH RI S\ULGLQH DQG 72& E\ WKH 6%%5
V\VWHP GHFUHDVHG DQG DQ DSSDUHQW WXUQLQJ SRLQW
H[LVWHG DW  NJ &2' PñāG  3\ULGLQH DQG 72&
UHPRYDOUDWHGHFUHDVHGIURPWR
 DQG  WR  UHVSHFWLYHO\ ZKHQ
LQIOXHQWORDGLQJUDQJHGIURP NJ&2' PñāG WR
 NJ &2' PñāG  DQG HIIOXHQW S\ULGLQH
FRQFHQWUDWLRQ LQFUHDVHG IURP  PJ/ WR 
PJ/ 7KXV RSWLPDO S\ULGLQH ORDGLQJ ZDV  NJ
&2' PñāG  DQG WKH UHPRYDO UDWHV RI S\ULGLQH DQG
72&ZHUHDQGXQGHUWKLVFRQGLWLRQ
UHVSHFWLYHO\

¦ (ni / N )(ln ni / N )                  
i 1

ZKHUHQLLVWKHSHDNLQWHQVLW\RID'1$EDQGL
1LVWKHWRWDOSHDNLQWHQVLW\RIDOO'1$EDQGVLQWKH
ODQHDQG6LVWKHWRWDOQXPEHURI'1$EDQGVLQWKH
ODQHLHWKHULFKQHVV

RESULTS AND DISCUSSION
(IIHFWV RI '2 FRQFHQWUDWLRQ DQG S\ULGLQH
ORDGLQJ RQ WKH WUHDWPHQW HIILFLHQF\ RI 6%%5
V\VWHP:KHQS\ULGLQHORDGLQJZDVFRQWUROOHGDW
NJ&2' PñāG DQG'2UDQJHGIURPPJ/WR
PJ/ WKH 6%%5 V\VWHP ZRUNHG VWDEO\ DIWHU  G

FIGURE 2
Pyridine and TOC effluent concentration and
removal rate at different DO concentrations.

FIGURE 3
Variation and removal rate of pyridine and TOC at different pyridine loadings.
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7$%/(
GC-06 testing result of treated effluent pyridine.
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PROHFXODU
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3.030

&+2

SHQWDQRQH

3.171

&+2


4.943

3\ULGLQH ZDVWHZDWHU ELRGHJUDGDWLRQ V\VWHP
ZDV VXFFHVVIXOO\ FRQVWUXFWHG XVLQJ S\ULGLQH DV WKH
VROH FDUERQ VRXUFH E\ FRQWUROOLQJ '2 3\ULGLQH
FRXOGEHGHJUDGHGXQGHUDHURELFFRQGLWLRQV>@
5HVXOWV VKRZHG WKDW WKH RSWLPDO '2 FRQFHQWUDWLRQ
DQGS\ULGLQHORDGLQJ ZHUHPJ/ )LJXUH DQG
 NJ &2' PñāG  )LJXUH   UHVSHFWLYHO\ DQG
S\ULGLQHUHPRYDOUDWHFRXOGUHDFKXQGHUWKLV
RSHUDWLQJ FRQGLWLRQ ,Q WKH 6%%5 V\VWHP ZLWK
S\ULGLQHDVWKHVROHFDUERQVRXUFHGLIIHUHQWNLQGVRI
PLFURRUJDQLVPVZKLFKFRXOGGHJUDGHS\ULGLQHZHUH
GRPHVWLFDWHG DQG IL[HG RQ VHPLIOH[LEOH SDFNLQJ
PDWHULDO $IWHU RSHUDWLQJ IRU DSSUR[LPDWHO\ RQH
PRQWK FRQWULEXWLQJ PLFURRUJDQLVPV JUDGXDOO\
UHSURGXFHGXQWLOWKH\ZHUHWKHPDLQSDUWRIPLFURELDO
FRPPXQLW\ )LJXUH   +RZHYHU WKH FDSDELOLW\ RI
PLFURRUJDQLVPVZDVOLPLWHG>@+HQFHWKH6%%5
V\VWHPFRXOGQRWDFKLHYHDKLJKUHPRYDOUDWHDW
DQGNJ&2' PñāG  )LJXUH 

DFFRUGLQJWRWKHKLJKHVWPDWFKLQJUDWH  7KH
WHVWLQJUHVXOWLVVKRZQLQ)LJXUHDQG7DEOH7KH
PDLQLQWHUPHGLDWH SURGXFWVRIELRGHJUDGDWLRQ ZHUH
SHQWDQRQH SHQWDQRQH PHWK\OEXW\UDWH DQG
GLPHWK\OIRUPDPLGHE\*&06DQDO\VLV
7KH PDLQ LQWHUPHGLDWH SURGXFWV ZHUH GLYLGHG
LQWRWZRW\SHV 7DEOH ZKLFKFRQWDLQHGILYHFDUERQ
DWRPVDQGWKUHHFDUERQDWRPV(DFKRIWKHWZRW\SHV
FRPSULVHG DSSUR[LPDWHO\  *LYHQ WKDW 6%%5
ZDVRSHUDWHGXVLQJS\ULGLQH DVWKHVROHFDUERQ QR
FDUERQVRXUFH FRXOG EH XWLOLVHG E\ WKH FRQWULEXWLQJ
PLFURRUJDQLVPV+HQFHWKHSURGXFWVFRQWDLQLQJILYH
FDUERQDWRPVZHUHSURGXFHGE\FDUERQDQGQLWURJHQ
ERQG
UXSWXULQJ
>@
)XUWKHUPRUH
GLPHWK\OIRUPDPLGH FRQWDLQHG RQO\ WKUHH FDUERQ
DWRPV DQG LWV FDUERQ DQG QLWURJHQ ERQG ZDV
XQGDPDJHG +HQFH GLPHWK\OIRUPDPLGH ZDV
SURGXFHGE\FDUERQDQGFDUERQERQGUXSWXULQJ>
@
0LFURELDO FRPPXQLW\ DQDO\VLV :KHQ '2
UDQJHG IURP  PJ/ WR  PJ/ DQG '2 DQG
S\ULGLQH ORDGLQJ ZHUH  PJ/ DQG  NJ
&2' PñāG  UHVSHFWLYHO\ WKH PLFURELDO '**(
SURILOHVRIWKH6%%5V\VWHPZHUHHYLGHQWO\GLIIHUHQW
)LJXUH 6LPLODULWLHVRIODQHVDQGWRODQHZHUH
DQGUHVSHFWLYHO\ /DQHH[KLELWHGD
 VLPLODULW\ WR ODQH  6KDQQRQ±:LHQHU¶V
GLYHUVLW\ LQGH[ YDOXHV ZHUH   DQG 
:KHQ '2 ZDV PJ/ 6KDQQRQ±:LHQHU¶V
GLYHUVLW\LQGH[UHDFKHGWKHPD[LPXPYDOXH%DQGV
 DQG  LQ ODQH  DV UHSUHVHQWDWLYH EDQGV ZHUH
FKRVHQ IRU '1$ VHTXHQFLQJ RI WKH9 UHJLRQ DQG
WKHUHVXOWLVVKRZQLQ7DEOH
7$%/(
6HTXHQFHVRI'**(IUDJPHQWVRIS\ULGLQH

),*85(
*&06VSHFWURJUDPRIHIIOXHQW
*&06 DQDO\VLV RI S\ULGLQH GHJUDGDWLRQ
SURGXFWV:KHQ'2DQGS\ULGLQHORDGLQJZHUH
PJ/ DQG  NJ &2' PñāG  UHVSHFWLYHO\ WUHDWHG
HIIOXHQW ZDV WHVWHG E\ *&06 7KH UHVXOW ZDV
FRPSDUHG ZLWK PDVV VSHFWURPHWU\ OLEUDU\ RI
1,67 DQG WKH RUJDQLVPV ZHUH GHWHUPLQHG

'((*
ODQH

%DQG
1R









5HIHUHQFH
VHTXHQFH
15

15


6LPLODULW\




6SHFLHV
QDPH
6KLQHOOD
]RRJORHRLGHV
$FLGRYRUD[
FDHQL

)LJXUHVKRZVWKDWWKHGHJUDGDWLRQRIS\ULGLQH
LQ WKH 6%%5 V\VWHP ZDV D V\QHUJLVWLF HIIHFW E\
GLIIHUHQW NLQGV RI PLFURRUJDQLVPV >@ 7KH
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PD[LPXP 6KDQQRQ±:LHQHU¶V GLYHUVLW\ LQGH[ ZDV
IRXQG LQ WKH EDQG RI 3&5 DPSOLILFDWLRQ SURGXFWV
REWDLQHGIURPVHHGLQJVOXGJHVDPSOHGZKHQ'2ZDV
 PJ/ ZKLFK LQGLFDWHV WKDW WKLV EDQG SRVVHVVHV
WKH KLJKHVW PLFURELDO GLYHUVLW\ )HZ UHSRUWV KDYH
EHHQPDGHRQWKLVDVSHFW7KHGRPLQDQWEDFWHULDLQ
ODQH ZHUH 6 ]RRJORHRLGHVDQG$FLGRYRUD[FDHQL
ZKLFK FDQ EH IRXQG LQ SUHYLRXV VWXGLHV %DL 6XQ
=KDR :HQ DQG 7DQJ >@ XVHG 6 ]RRJORHRLGHV
%& VWUDLQ WR GHJUDGH S\ULGLQH DQG =KDR:HQ
=KDQJ=KDQJDQG7DQJ>@IRXQG WKDW FRQVRUWLXP
0 RIZKLFKLV6]RRJORHRLGHV%& FRXOG
GHJUDGH S\ULGLQH TXLQROLQH DQG FDUED]ROH
VLPXOWDQHRXVO\ $ FDHQL IRXQG LQ ODQH  ZDV D
VSHFLHV LVRODWHG IURP DFWLYDWHG VOXGJH E\ +H\OHQ
/HEEH DQG 'H 9RV >@ 7KLV VSHFLHV SRVVHVVHV D
GHQLWULILFDWLRQ IXQFWLRQ %HOOLQL *XWLHUUH] 7DUOHUD
DQG6FDYLQR>@DOVRIRXQG$FLGRYRUD[E\6U51$
JHQHVHTXHQFLQJZKHQLQYHVWLJDWLQJGHQLWULILHUVLQDQ
DTXLIHUZLWKKLJKSRWHQWLDOIRUGHQLWULILFDWLRQ
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8QGHUWKLVFRQGLWLRQS\ULGLQHDQG72&UHPRYDOUDWH
ZHUHDQGUHVSHFWLYHO\
*&06 DQDO\VLV GHWHUPLQHG WKDW WKH PDLQ
LQWHUPHGLDWH SURGXFWV RI ELRGHJUDGDWLRQ ZHUH 
SHQWDQRQH SHQWDQRQH PHWK\OEXW\UDWH DQG
GLPHWK\OIRUPDPLGH :KHQ '2 UDQJHG IURP 
PJ/WRPJ/WKH6KDQQRQ±:LHQHU¶VGLYHUVLW\
LQGH[YDOXHVRIWKHPDWFKLQJ'**(EDQGZHUH
DQGDVUHYHDOHGE\WKH'**(UHVXOWV7KH
GHJUDGDWLRQRIS\ULGLQH LQWKH6%%5V\VWHP ZDVD
V\QHUJLVWLF HIIHFW RI GLIIHUHQW NLQGV RI
PLFURRUJDQLVPV DQG YDULRXV GRPLQDQW EDFWHULD
H[LVWHG LQ D V\VWHP 7KH PDLQ GRPLQDQW
PLFURRUJDQLVPVZHUH6]RRJORHRLGHVDQG$FDHQL
DV VKRZQ E\ WKH UHVXOWV RI '1$ VHTXHQFLQJ RI WKH
9UHJLRQ
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'HVKPXNK 6 & DQG 3DQGH\ 5 $  
)HQWRQ R[LGDWLRQ $ SUHWUHDWPHQW RSWLRQ IRU
LPSURYHG ELRORJLFDO WUHDWPHQW RI S\ULGLQH DQG
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%LRUHVRXU7HFKQRO
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TXLQROLQH E\ ELR]HROLWH FRPSRVHG RI PL[HG
GHJUDGLQJ EDFWHULD DQG PRGLILHG ]HROLWH -
+D]DUG0DWHU
[15] :HQ'+=KDQJ-;LRQJ5//LX5DQG
&KHQ / -   %LRDXJPHQWDWLRQ ZLWK D
S\ULGLQHGHJUDGLQJ EDFWHULXP LQ D PHPEUDQH
ELRUHDFWRUWUHDWLQJSKDUPDFHXWLFDOZDVWHZDWHU-
(QYLURQ6FL&KLQD
[16] 4LDR / DQG :DQJ - /   0LFURELDO
GHJUDGDWLRQ RI S\ULGLQH E\ 3DUDFRFFXV VS
LVRODWHG IURP FRQWDPLQDWHG VRLO - +D]DUG
0DWHU
[17] 4LDR / :HQ ' + DQG :DQJ - /  
%LRGHJUDGDWLRQ RI S\ULGLQH E\ 3DUDFRFFXV VS
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FDUERQ%LRUHVRXU7HFKQRO
[18] 0DWKXU$.0DMXPGHU&%&KDWWHUMHH6
DQG 5R\ 3  %LRGHJUDGDWLRQ RI S\ULGLQH
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[19] 6XQ-4;X/7DQJ<4&KHQ)0/LX
: 4 DQG :X ; /   'HJUDGDWLRQ RI
S\ULGLQH E\ RQH 5KRGRFRFFXV VWUDLQ LQ WKH
SUHVHQFHRIFKURPLXP 9, RUSKHQRO-+D]DUG
0DWHU
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[20] 5KHH6./HH*0<RRQ-+3DUN<+
%DH+6DQG/HH67  $QDHURELFDQG
DHURELF GHJUDGDWLRQ RI S\ULGLQH E\ D QHZO\
LVRODWHG GHQLWULI\LQJ EDFWHULXP$SSO (QYLURQ
0LFURELRO
[21] %DL<+6XQ4+=KDR&:HQ'+DQG
7DQJ ; <   $HURELF GHJUDGDWLRQ RI
S\ULGLQH E\ D QHZ EDFWHULDO VWUDLQ 6KLQHOOD
]RRJORHRLGHV %& - ,QG 0LFURELRO
%LRWHFKQRO
[22] /L - : &DL : - DQG &DL - -  7KH
FKDUDFWHULVWLFV DQG PHFKDQLVPV RI S\ULGLQH
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[23] /LX*+<H=)/L+<&KH5DQG&XL
/ /   %LRORJLFDO WUHDWPHQW RI
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[24] 0XGOLDU 6 1 3DGROH\ . 9 0DWW 3
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[25] 3DGROH\.95DMYDLG\D$66XEEDUDR79
DQG 3DQGH\ 5 $   %LRGHJUDGDWLRQ RI
S\ULGLQHLQDFRPSOHWHO\PL[HGDFWLYDWHGVOXGJH
SURFHVV%LRUHVRXU7HFKQRO
[26] %DL<+6XQ4+6XQ5+:HQ'+
DQG 7DQJ ; <   %LRDXJPHQWDWLRQ DQG
$GVRUSWLRQ 7UHDWPHQW RI &RNLQJ :DVWHZDWHU
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7HFKQRO
[27] *RK&36HQJ&(6XMDUL$1$DQG/LP
3 (   3HUIRUPDQFH RI VHTXHQFLQJ EDWFK
ELRILOP DQG VHTXHQFLQJ EDWFK UHDFWRUV LQ
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THALLIUM DISTRIBUTIONS IN SOILS AFFECTED BY PbZn MINING AND METALLURGICAL ACTIVITIES IN
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Tl concentrations in excess of 5000 and 1000
mg/kg,
respectively
[6-8].
Anthropogenic
accumulations of Tl are caused mostly by industrial
plants processing continuously large quantities of
raw material containing Tl as trace element such as
fossil fuels, oils, sulfide ores (Pb, Fe, Cu) or cement
[9]. Smelting of chalcogenic ores, especially lead
and zinc sulfides, yields Tl emissions which
contribute to soil contamination in the vicinity [1017].
Thallium is a potentially hazardous element in
terrestrial environments, even though thallium is
more toxic to mammals than cadmium, lead, and
even mercury [18]. With regard to population
exposure, an epidemiological study in an area with
high thallium concentrations in soil and garden
vegetables, has found evidence of a dose response
relationship between thallium concentration in
urine and a number of non-specific subjective
symptoms. Occupational exposure to thallium may
be significant for workers in smelters, power plants,
cement factories, and other industries that produce
or use thallium compounds or alloys. Exposure may
occur by dermal absorption from handling thalliumcontaining compounds, ores, limestone, or cement
or by inhalation of workplace air [9, 19-22].
Thallium poisoning also affects the central nervous
system, causing visual disorders, such as failing
eyesight or total blindness, hair loss and ultimately
death [23].
The objectives of this study were to: (1) to
evaluate the thallium content and spatial
distribution in the soils of the Mitrovica region,
Republic of Kosovo, known for long-term pollution
from Pb-Zn mining and smelter activities, (2) to
identify the origin of thallium and its possible
enrichment in the soil and (3) to assess the size of
the area affected by the Pb±Zn mines/smelter
situated on the investigated area.

ABSTRACT
A study on the effects of Pb-Zn mining and
smelting activities on soil in Mitrovica area,
Republic of Kosovo, was carried out. The levels of
thallium were determined in the 156 top-soil
samples (0-5 cm) using inductively coupled plasma
- mass spectrometry (ICP-MS). Data analysis and
construction of the map were performed using the
Statistica (ver. 9), AutoDesk Map (ver. 2008) and
Surfer (ver. 9) software. The average of thallium
level in the soil for the entire study area (301.5 km2)
amounted to 0.33 mg/kg with a range of 0.05-7.7
mg/kg. The average content of Tl exceeds the
European average value by 2.75-fold. Distribution
of Tl was mainly in central and northeastern part of
the study area, especially in the surrounding areas
of zinc smelter and sulfuric acid and fertilizers
processing factories in the city of Mitrovica and
around the lead smelter in the city of Zveçan; as
well as in the alluvial plains of the river Ibër. In the
south of the study area (the city of Vushtrri) soils
are less affected with these potentially emission
sources of thallium.

KEYWORDS:
Thallium, soil, Pb-Zn smelter, pollution, Mitrovica.

INTRODUCTION
As a natural constituent of earth crust,
thallium is present in nearly all environmental
media. However, thallium is a rare but widely
spread element with average concentrations of 0.49
mg/kg in the continental crust and of 0.013 mg/kg
in the oceanic crust [1] Mean concentrations of
WKDOOLXPLQWKHHDUWK¶VFUXVWDUHRIWKHRUGHURI1.7 mg/kg, mainly present in the sulfide ores of
zinc, copper, lead, arsenic, iron also in coal [2-5].
Thallium is a non-volatile heavy metal, and if
released to atmosphere from anthropogenic sources,
may exist as an oxide, hydroxide, sulfate or sulfide.
Thallium is usually enriched in sphalerite, yielding

MATERIALS AND METHODS
Study area. Mitrovica is a mining city located
in the northern part of the Republic of Kosovo, with
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Mitrovica region [29-31]. WHO [32] reported that
half of the children examined in the Mitrovica
region had blood lead levels from that exceeding
WKH LQWHUQDWLRQDOO\ DFFHSWHG WR[LF OHYHOV  ȝJ/dL
of blood) and some cancer diseases were registered
in the Pb-Zn mining areas in the Mitrovica [33].
Our previous studies has shown that soils
within a radius of at least 10 km from the smelter
stack are heavily polluted mostly with highly toxic
elements such as cadmium, arsenic, zinc and lead
[34-38].
The study area has a temperate continental
climate with an annual average precipitation of 900
mm, an annual average temperature of 10.3°C with
maximum monthly average temperature of 15.8 °C
and minimum 4.9 °C. The average temperature in
January is -1°C (-5-3°C) and in August is 21°C (2814°C). Thermal inversion is frequent, especially in
the winter months. Dominant wind directions are
NE to E. The study area (301.5 km2) is large (24
NNW-SSE km x 18 WWS-EEN km), which is
limited by the coordinates (WGS 84) longitude
20.74528°-20.99235° (E) and latitude 42.78522°42.99330° (N).

a population of 270,000 (Fig. 1). Historic records
indicate that rapid development came in the 19th
century after lead and zinc ores were discovered
and mined in the region, providing what has
KLVWRULFDOO\EHHQRQHRI.RVRYR¶VODUJHVWLQGXVWULHV
Lead smelter plant, located in the city of Zveçan,
commenced work in 1939 had worked sporadically
since the 1999 conflict in Kosovo. The ore was
beneficiated in the Tuneli i Parë concentrator with a
capacity of 760,000 t/y. The lead concentrates were
brought to the lead smelter in the city of Zveçan
(capacity 80,000 t/y) and the zinc ores were brought
to the zinc smelter in the city of Mitrovica (capacity
50,000 t/y); there was also a unit for the production
of fertilizers using the sulfuric acid by-product of
hydrometallurgy, and lines for battery production
and battery recycling. During the period 1948-1987
Trepça was one of the biggest mining complexes in
Europe
comprising
eight
mines,
three
concentrators, two smelting plants, and a fertilizer
plant. The overall metal production was 2,066,000 t
Pb; 1,371,000 t Zn; 2569 t Ag and 4,115 t Bi. Gold
production was estimated at 8.7 t from 1950 to
1985. Traces of Ge, Ga, In, Se and Te in the run-ofmine ore have also been reported, which were
valorized at the smelter level [24].

FIGURE 2
Soil sample locations in the study area
FIGURE 1
Location of the study area

Sampling, sample preparation and analysis.
Figure 2 shows the location of sampling sites used
in this study. Samples of natural soils were
collected from 156 locations (0-5 cm depth) within
an area of 301.5 km2. Sampling grid 2×2 km with
an additional sampling site at the centre of each grid
cell was constructed based on geographical
(topographical) and meteorological conditions. The
possible organic horizon was excluded. One sample
represented the composite material collected at the
central sample point itself and at least four points
within a radius of 50 m around it towards N, E, S,
and W. A total of 1 kg was collected for each
sample and stored in plastic bags.

Mitrovica had become as was claimed
(XURSH¶Vthe most lead polluted city in Europe. The
long-term anthropogenic activities in the Mitrovica
region (intense Pb-Zn mining, processing and
smelting operations) create huge amounts of waste.
The problems are wide from hazardous materials to
air, soil and water pollution. However, very little
information is available about lead levels in soil and
in the air as well [25-28]. There is some
information reported for high lead levels in the
brain, kidneys and reproductive organs of people
living near the lead and zinc smelter plants in the
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TABLE 1
Descriptive statistics of measurements for thallium in soil (values given in mg/kg).
s, sg
Md
P10
P90
Min
Max
Technique
N
Dis.
X, Xg
ICP-MS
156
Log
0.33
2.6
0.30
0.10
1.2
0.10
7.7
N ± number of observation; Dis. ± distribution (Log ± lognormal); Md ± median; X ± arithmetical mean, Xg ±
geometrical mean; s ± arithmetical standard deviation; sg ± geometric standard deviation; Min ± minimum; Max ±
maximum; P10 ± 10 percentile; P90 ± 90 percentile.
After being returned to the laboratory, soil
samples were air dried, crushed, cleaned from
extraneous material and sieved through a plastic
sieve with 2 mm mesh. The sieved mass was
quartered and milled in agate mill.
Thallium was determined by inductively
coupled plasma ± mass spectrometry (ICP-MS)
following an aqua regia digestion (mixture of HCl,
HNO3 and water at 95 °C - 1DX method of at
ACME Laboratory Ltd., Vancouver, Canada).

Relatively high concentration of Tl (0.43 mg/kg)
was also found in Zone II (117 km2). The major
source of Tl appears to be Pb±Zn smelter plant in
Zveçan as well as mines situated in the Zone II.
Zone III (128 km2) represents moderately
contaminated area with an average concentration of
Tl of 0.18 mg/kg.

Data processing. For the statistical analysis,
the Statistica (ver. 9) was used. The areal
distribution of the contamination was established
using the AutoDesk Map (ver. 2008) and Surfer
(ver. 9) software.

RESULTS AND DISCUSSION
The basic data obtained from the descriptive
statistics for thallium content in the soil in the study
area determined by ICP-MS are given in Table 1.
European average of Tl in surface soil is 0.12
mg/kg after aqua regia digestion [39]. It can be seen
(Table 1) that the median and average values are
very similar (0.30 mg/kg and 0.33 mg/kg,
respectively) and that the content of thallium for the
entire study area ranged between 0.10 and 7.7
mg/kg.
In 95% of the soil samples (148 samples),
thallium was detected and ranged from 0.05 to 7.7
mg/kg with an average value of 0.33 mg/kg (Table
1). For the remaining eight samples (5%) thallium
content was below of the limit of detection (<0.1
mg/kg). Three soil samples with concentrations of
5.8 mg/kg, 5.3 mg/kg and 3.8 mg/kg) all taken in
the city of Zveçan are 48.3, 44.2 and 31.7 times
above the European average of 0.12 mg/kg [39].
The maximum concentration (7.7 mg kg-1) of this
element was also found in soil taken in the
immediate vicinity of the industrial complex of the
city of Zveçan. The high concentrations of Tl
indicate that this specific toxic metal is enriched in
the soils of the Zveçan area. This area is of big
concern today.
On the basis of the mines and smelter plant
locations and wind-rose in the investigated region,
three zones were determined: Zone I, II and III (Fig.
3). Zone I (57 km2) represents the most contaminated part of the study area; with Tl average of
0.67 mg kg-1 (Table 2, Fig. 4) exceeds EU average.

FIGURE 3
Polluted zones in the study area

FIGURE 4
Distribution of thallium in topsoil according
to polluted zones and main urban areas
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TABLE 2
Average of the thallium according to urban area (mg/kg)
EU [39]
Study area
Zone I
Zone II
Zone III
Zveçan
N
840
156
30
65
61
5
Tl
0.12
0.33
0.67
0.43
0.18
1.6
EU ± European average value [39]; N ± number of sample

Mitrovica
11
0.45

Vushtrri
8
0.26

TABLE 3
Average of the content of thallium according to basic lithological units (in mg kg -1)
N
Tl

EU [39]
840
0.12

Study area
156
0.33

Sed (Q)
27
0.38

Sed (Pl)
23
0.27

Pyro (M)
26
0.56

Latite (M)
14
0.71

Flysch (K)
28
0.17

Serp (T)
17
0.33

VSF (T)
16
0.26

Mean (EU) ± European topsoil average [39]; Sed (Q) ± Quaternary deposits. (65 km2); Sed (Pl) ± Pliocene
clays, sands and gravels (44 km2); Pyro (M) ± Miocene pyroclastites (45 km2); Latite (M) ± Miocene latite and
quartz-latite (23 km2); Flysch (K) ± Cretaceous flysch (57 km2); Serp (T) ± Triassic serpentinite (30 km2); VSF
(T) ± Triassic volcanic-sedimentary formation (25 km2)
Regarding the urban soils, the highest content
of thallium was found in the city of Zveçan.
Average value of Tl content in soils from this city
of 1.6 mg/kg exceeds the European average by
13.3-fold (Table 2, Fig. 4).
However, some soil samples taken in short
distance from the Zn flotation plant in the city of
Mitrovica and along the Ibër River contained high
levels of Tl up to 2.2 mg/kg, probably due to a
clastic movement by water. This indicates that the
concentration of Tl in the investigated soils of this
area is of anthropogenic origin. Average value of Tl
content of 0.45 mg/kg exceeds the European
average value (Table 2).

mine in Stan Tërg, in the land sites and garden sites
(up to 1 mg kg-1) of nearby villages, where were
influenced by the mining activities, especially from
the dust blown from ore crushers and dust from
mining dump and flotation tailings (Figure 5). High
content of Tl in soils of the cities Zveçan and
Mitrovica and Stan Tërg area clearly shows the
impact produced in this zone by the industrial and
mining activities.
The lower average value of 0.26 mg/kg of Tl
content in soils taken from a city of Vushtrri is also
over than those of European average levels (Table
2). This indicates that soils in this area are not
affected with potentially emission sources of Tl, in
comparison with soils of the cities of Zveçan and
Mitrovica and their environs, and Stan Tërg
environ. Thallium content in soil samples taken in
the field on both sides of the river Sitnica (up to 0.9
mg/kg) was higher than those of European levels
and decreased gradually to the western and southern
part of the investigated area, as far from the
emission sources of Tl.

FIGURE 5
Spatial distribution of thallium content in soil
from the investigated area
FIGURE 6
Distribution of thallium in topsoil according to
basic lithological units

Contents of Tl ranging from 1.2 to 2.5 mg/kg
ZHUHDOVRIRXQGLQVRLOVWDNHQDURXQGWKH³7UHSFD´
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FIGURE 7
Distribution of thallium in topsoil (cross section - profile A-B)
health of the population of this region due to the
soil dust contaminated with thallium present in the
air as well as the risk of contaminated agricultural
food produced in this polluted soils.

Regarding to the geological formation it was
found that the highest average of Tl concentration
are present in soil from the latites rocks (0.71
mg/kg) and Miocene pyroclastites (0.56 mg/kg)
represented in the area of the city of Zveçan and
mining areas in the north-east and north of the city
of Mitrovica (Table 3, Fig. 6).
In the cross section of the profile A-B showing
the distance from the point A to B in the length of
26 km, it is possible to see clearly changes in
thallium concentrations. The maximum values are
between the cities Mitrovica and Zveçan, which
decrease towards the point A. The lowest
concentrations are found in the SSE of the study
area (point B) around the urban zone of the city of
Vushtrri. Even in the NNW part of the study are
found samples with high concentrations of Tl (Fig.
7). The spatial distribution of the highest Tl
concentrations in the studied soil samples with the
results further provide evidence of the influence of
anthropogenic sources on this specific element
(Figures 4 and 5).
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basis for the production of other dairy products
(cheese, cream, butter, yogurt, whey). Due to the
high demand of milk for consumption and the
relevance of the environmental effects derived from
the dairy sector, it is required to investigate and
determine the environmental consequences from its
production.
The Algerian dairy industry mainly operates
on the basis of imported raw materials i.e. milk
powder and anhydrous milk fat (AMF). Pasteurized
milk is obtained by recombination which is a
mixture of water, milk powder and AMF.
A lack of studies on the environmental
analysis of recombined milk powder was observed,
hence the interest of this approach to determine the
impacts of various basic elements of this product.
Using the life cycle impact assessment (LCA)
methodology, this study carried out at a dairy
processing plant in Algeria, evaluates the aquatic
ecotoxicity, terrestrial ecotoxicity and human
respiratory effects of milk processing, which are
less well understood in comparison to other impact
categories. LCA is an internationally standardized
tool [1,2] which assesses potential environmental
impacts associated with a product, process, or
service throughout its life cycle, and it is
internationally recognized as the best tool to
evaluate the environmental performance of products
or systems.

ABSTRACT
The present paper outlines an assessment of
human health and ecotoxicity associated with
recombined milk processing in order to identify the
components that have the highest contribution in
these impacts. The approach used was based on the
life cycle assessment (LCA), which is a
standardized method (ISO 14040-14044). LCA is
an excellent tool of environmental management and
it provides a widespread knowledge on the
environmental burdens associated to a product or to
a human activity. The data of the mass and energy
fluxes and the environmental emissions are
obtained from site investigation and literatures. The
results highlighted the impact per L of packaged
liquid milk: respiratory effects of 7.82E-04 kg
PM2.5eq, terrestrial ecotoxicity of 2.53 kg TEG soil
and aquatic ecotoxicity of 2.94E+01 kg TEG water.
The research has shown that the milk powder is the
largest contributor in all the categories under
assessment about 69% in terrestrial ecotoxicity,
54% in aquatic ecotoxicity and 65% in respiratory
effects, mainly due to the emissions from raw milk
production. This is explained by the need to use a
large quantity of milk for the production of milk
powder (it takes about 7.8 kg of milk to make 1 kg
of powdered milk).

KEYWORDS:
Environmental impacts, recombined milk, milk powder,
dairy processing, LCA, ecotoxicity, IMPACT 2002+

MATERIALS AND METHODS
The method used in this study was LCA. Two
types of environmental impact are considered
during the life cycle of a product: use of resources
and emission of pollutants.
Emission of pollutants contributes to impact
categories, such as eutrophication of ecosystems
and human or terrestrial ecotoxicity.
There are four phases in an LCA study: Goal
and Scope Definition, Life Cycle Inventory
Analysis (LCI), Life Cycle Impact Assessment
(LCIA), and Interpretation.

INTRODUCTION
Sustainable technologies require assessment
and control of impacts at local to global scales.
Identification and quantification of impacts on
human health and ecosystem quality are thus of
central importance to the development of
sustainable technology.
Milk, is an example of staple food and the
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FIGURE 1
System boundaries and flow chart of the recombined milk production
SimaPro7® was used in this study to implement the
LCA model and carry out the assessment.

in storage tanks for using in the recombined milk
process. After the pretreatment of raw milk, the
next step is the cooling of the mixture of
recombined milk and raw milk, followed by the
pasteurization then a second cooling. After this
treatment, the final product is packaged in
polyethylene bag.
The system under study included an approach
"gate-to-gate" i.e. from the production of inputs to
product finished product leaving the dairy. These
steps are as follows:
x Production of raw materials (milk powder,
raw milk and AMF);
x Production of packaging (polyethylene and
metal drums);
x Delivery of raw materials to the company;
x Delivery of the packaging to the company;
and
x Milk processing.

Goal and scope of the study. The main
objective of this study was to assess the
environmental performance of the production of
recombined milk at the dairy factory gate, in order
to identify the environmental hot spots (the
elements that have a high contribution to the
environmental burden).
The functional unit (FU) chosen in this study
is 1L of packaged liquid milk, ready to be
delivered. The selection of this unit is in agreement
with other milk studies [3, 4].
Description of the system under study.
Figure 1 provides the various stages of milk
recombination process. In a first step we
manufacture reconstituted milk based on water and
milk powder at 0% fat. The mixture previously
filtered is degassed to remove chlorine responsible
for an unpleasant odor.
The second step is to add the anhydrous milk
fat in reconstituted milk.
The AMF stored in metal
drums at
room
temperature crosses a hot room at 65°C to
regain
the preparation tanks where it comes into contact
with the reconstituted milk. The mixture AMF and
reconstituted milk is homogenized at 60-65 °C to
avoid the increase of the fat in the product.
The raw milk is delivered from the dairy farm
by road in tankers, and stored under cold conditions

Inventory analysis. The inventory analysis
involves the collection of data concerning resource
use, energy consumption, emissions, and products
resulting from each activity in the system studied in
relation to the functional unit.
In this study, inventory data for the dairy
factory were collected by means of surveys,
interviews and visits to the plant. The data
processing steps, transportation, energy and
packaging were collected from site investigation
which refers to 2014.
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TABLE 1
Global inventory for the dairy processing per functional unit (1L of milk)
Inputs
Raw materials
Energy
Milk Powder (g)
83.04 Electricity (kwH)
0.02
Raw milk (g)
49.06 Natural gas (m3)
0.00047
AMF (g)
13.66 Steam (Kg)
0.318
Water (m3)
11.50
Polyethylene packaging (g)
6.70
Paper packaging (g)
1.32 Transport
Steel packaging (drums) (g)
1.09 Ship (t.km)
1.86
Truck 16t (kg.km)
0.60
Truck 20t (kg.km)
5.02
Tanker (kg.km)
0.73
Outputs
Final Product
Pasteurized milk (L)
1
Waste to treatment
Air emissions
Polyethylene (g)
0.041 Carbon dioxide (g)
303.56
Metal drums (g)
1.090 Particulates < 10 um (mg)
30.5
Paper(g)
1.328 Sulfur dioxide (mg)
561.41
Nitrogen oxides (g)
1.5
Water emissions
DCO (g)
4.07
Dinitrogen monoxide (mg)
1.08
DBO5 (g)
1.40
Methane (g)
15.31
MES (g)
0.88

FIGURE 2
Overall scheme of the IMPACT 2002+ framework, linking LCI results via the midpoint categories to
damage categories [8].
The different transport activities required for
the provision of the inputs to the processing plant
were taken into account, by identifying the different
transport modes used and the average transport
distances.
The LCI related with the production of raw
materials: milk powder, raw milk and polyethylene
packaging were taken from the database LCA Food
[5]. The primary data of AMF was provided by the
supplier in 2014 [6]. The primary data of raw
materials packaging (metal drums and paper bags)
were obtained from the ecoinvent database.
Regarding electric power, over 92% of the Algerian
electricity profile was based on natural gas, as
mentioned by the IEA statistics for 2012 [7].

The milk powder and the AMF are produced
in New Zealand and delivered by ship to the port of
Algiers and transported by truck (20T) to the dairy.
The polyethylene packaging is produced by a
national company and delivered to the dairy by
truck (16T). The raw milk is collected from farmers
and delivered by tanker.
The consumption of raw materials and energy
is presented in Table 1.
Life cycle impact assessment. The LCIA is
aimed at understanding and evaluating the
magnitude and significance of the potential
environmental impacts of the studied system [3].
In the present study the IMPACT 2002+
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TABLE 2
Impact assessment results for 1L milk
Respiratory effects
Aquatic ecotoxicity
(kg PM2.5 eq)
(kg TEG water)
5.12E-04
1.60E+01
3.79E-05
8.06E-01
7.13E-05
2.15E+00
1.76E-05
3.93E+00
7.78E-07
2.59E-02

Metal packaging
Ship transport
Truck transport
Electricity
Steam
Nat. Gas
Paper waste
Metal waste
PE waste
Total

1.38E-06
5.38E-05
3.39E-06
1.31E-06
8.19E-05
1.61E-06
2.88E-08
-4.44E-07
-2.26E-08
7.82E-04

7.59E+00
3.66E+00
9.35E-01
2.75E-01
3.91E-05
3.95E-03
-3.47E-01
-5.66E+00
8.40E-02
2.94E+01

method [8] was used for the impact assessment
step, because it is both midpoint and endpoint
approach (Figure 2).
The following impact potentials were
evaluated: respiratory effects, aquatic ecotoxicity
and terrestrial ecotoxicity.

Terrestrial ecotoxicity
(kg TEG soil)
1.75E+00
9.62E-02
1.87E-01
7.38E-03
1.88E-04
2.52E-03
3.42E-01
1.04E-01
4.71E-02
7.98E-06
2.14E-05
-1.83E-04
2.66E-04
4.32E-05
2.53E+00

liter of milk). The steam was used mainly in the
processing operations including milk pasteurization.
These two energy sources are generally produced in
boiler fuel (fuel used in the dairy industry) resulting
in the emission of carbon dioxide (CO2), sulfur
dioxide (SO2) and nitrogen oxides (NOx).
According to the operation of the boiler, unburned
can be produced, giving rise to the emission of solid
particles [10].
The AMF contributed with 9% of this impact.
A contribution of 7 % of transport by ship was
noted. Indeed, the environmental impact of
shipping was accompanied by emissions of
different gases (CO2, NOx, SO2 and CO) and fine
particles smaller than 2.5 microns [11].
The raw milk contributed with 5%. The PE
packaging production intervenes at 2%.
The contribution of the remaining elements
was <1% of the overall impact. These values were
considered negligible.
We can therefore conclude that this impact
category was attributed mainly to the milk powder.

RESULTS AND DISCUSSION
In the Interpretation, the results from the
previous phases are evaluated in relation to the goal
and scope in order to reach conclusions and
recommendations [3]. The results are shown in
Table 2 referred to the functional unit.
Respiratory effects. This type of impact
represents the health hazards caused by breathing
inorganics particles released into the air, in kg
equivalent PM2.5.
Inhalation of different particulate sizes can
cause various health problems. Particles with a
diameter of 2.5±10 um, may be more related to
respiratory morbidity [9].
Particulate matter may be emitted as
particulates, or may be the product of chemical
reactions in the air (secondary particulates). The
most common precursors to secondary particulates
are sulfur dioxide (SO2) and nitrogen oxides (NOx).
Common sources of primary and secondary
particulates are fossil fuel combustion.
Figure 3 shows that for 1 liter of recombined
milk, the milk powder is the main contributor in
this impact of about 65%; it was due mainly to the
raw milk production.
The production of steam intervenes in order of
10% because milk recombination requires large
amounts of hot water and steam (It takes about 1 to
12 liters of water heated at 400°C to reconstitute 1

Aquatic ecotoxicity. The aquatic ecotoxicity
has received particular attention in the regulatory
context, as the aquatic compartment is a typical sink
for industrial pollution due to direct releases and
indirect emission pathways.
This impact category is mainly influenced by
heavy metals emissions, and the production of
fossil fuels required in the different off-site
processes associated with the milk production such
as polyethylene production.
Among the most toxic and heavy metals, As,
Cd, Pb, and Hg are the major hazardous priority
substances in the list of pollutants which are
responsible for producing adverse health hazards
even at low concentrations on long-term exposures,
namely, of vulnerable individuals such as infants
and children [12].
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FIGURE 3
Contribution to respiratory effects (for 1L of milk)

FIGURE 4
Contribution to aquatic ecotoxicity (for 1L of milk)

FIGURE 5
Contribution to terrestrial ecotoxicity (for 1L of milk)
Terrestrial ecotoxicity. The terrestrial
ecotoxicity represents the impact of toxic
substances on terrestrial ecosystems; it is expressed
in kg TEG soil. It is important to point out that this
impact category was rarely studied in the LCA [13].
Figure 5 shows that for 1 liter of milk, the
milk powder is the greatest contributor, of about
69% in this impact.
Ship transportation contributes about 13% and
truck transportation contributes about 3%. These
two types of transport generate emissions of heavy
metals. Indeed, the production of fossil fuels used
for transport operations is the largest source of
emissions of heavy metals [3].
The raw milk contributed with 4% due to
fertilizer and pesticide use. Indeed, pesticides are
considered from the main persistent organic

Figure 4 shows that, the milk powder is the
main contributor in this impact of about 54%. It
was due mainly to the raw milk production due to
metal related emissions derived from diesel
requirements and commercial fertilizers use.
The metal packaging used for AMF was the
second largest contributor to this impact of about
26%. This was due to the emission of heavy metals
during its manufacture.
The production of PE packaging intervenes in
order of 13%, ship transport 12%, the AMF
contributed with 9% and the raw milk contributed
with 3% of this impact.
The contribution of the remaining elements
was <1% of the overall impact. These values were
considered negligible.
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pollutants (POPs) all over the world which are
able to transfer the food chain including animals
to reach humans [14]
The production of electricity contributed with
2%. The impact of the remaining elements (PE
packaging, paper packaging ... etc.) was considered
negligible (<1%).

CONCLUSION
A large number of LCA studies based on dairy
factories have been published to date, but have not
focused on the recombined milk production. For
this reason, a dairy processing was evaluated in
order to quantify its environmental impacts as well
as to identify the hot spots.
This study evaluates the respiratory effect,
terrestrial ecotoxicity and aquatic ecotoxicity
impacts categories using the "gate-to-gate"
approach. The consumption step and waste
management were not included in this study.
The result shows that for all impact categories
under assessment, milk powder was the main
contributor due to the raw milk production. Indeed
a large amount of milk required in milk powder
manufacturing (7.8 l/ kg of milk powder).
Regarding respiratory effects the results were
found to be 7.82E-04 kg PM2.5 equivalents where
milk powder was the most intensive contributor
(65%). The terrestrial ecotoxicity results were 2.53
kg TEG soil mainly due to milk powder (69%).
aquatic ecotoxicity results were 29.4 kg TEG water
related mainly to milk powder (54%).
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EVALUATION OF PEAK ION CONCENTRATIONS IN
PRECIPITATION WATER USING BACKTRAJECTORY
ANALYSIS: A THRACE CASE STUDY
Baris Caldag*
Istanbul Technical University, Faculty of Aeronautics and Astronautics, Department of Meteorological Engineering, Istanbul/TURKEY

anions, cations, pH and electrical conductivity (EC)
were also investigated in [2] for 2-year period over
Thrace region. A combined evaluation of a
meteorological model and a transport model showed
the effect of prevailing wind direction on the
composition of precipitation at particular locations in
the Istanbul city [3]. Similarly, temporal variation of
some major pollutants over a large forest area in
Istanbul was investigated [4]. Effects of wet
deposition were considered for the Mediterranean
Region in [5], whereas an earlier work studied the
interactions between wet deposition and
meteorological parameters for Thessaloniki-Greece
[6]. Another prior work [7] focused on the chemical
properties of precipitation for a western coastal city,
Izmir, Turkey. The results showed that the rainwater
was responsible for about 70% of the wet deposited
ion concentrations in the selected region. Also
rainwater composition was evaluated at a selected
station in Ankara-Turkey [8]. An additional attempt
was done to monitor the precipitation components
within the Northeast Mediterranean region, in which
only 8 of total 246 samples showed acidic character
[9]. Many other studies were conducted on primarily
negative effects of acidic precipitation on livestock,
agriculture and buildings. The precipitation
chemistry of Jordan was modeled spatially [10],
where an overall relative error of less than 15%
between the observed and predicted ion
concentrations was found. The first study on the
midrange precipitation chemistry in Croatia was
carried out in [11] and it was followed by the
investigation of the effects of Saharan dust on the
Croatian precipitation chemistry again [12]. Among
numerous other studies, the general aspect of recent
climate change effects on precipitation content was
shown in [13], where the authors emphasized that
marine storms were rarely acidic in the northeastern
USA. Seasonal ion composition of precipitation was
monitored and analyzed for a selected basin in China
[14]. A comparative evaluation of the Canadian
precipitation chemistry for the recent 10-year data
was given in [15], where the authors detected slightly
lower ion concentrations when compared with the
outputs of an earlier work (1986-1993 period) for the
same region. A similar work was done recently in
China [16]. Two different sample collectors were

ABSTRACT
Rainfall components were analyzed by
separating extreme ion and pH concentrations in
northwestern Turkey for the first time. While major
anions (SO42-, NO3-, Cl-) and cations (Na+, K+, Mg2+,
Ca2+ NH4+) were evaluated using backtajectory
analysis according to the highest occurrence ratios,
the pH values were organized and analyzed by their
minimum rates. Rainfall data were recorded at 4
selected locations in the Thrace Region of Turkey.
The episodes were also categorized as concurrent
precipitation days to obtain more detailed picture on
the motion of the air currents. Among the stations we
studied, it is found that Istanbul hold the highest peak
concentrations in five of the total ten components
recorded between 2000 and 2002. At each
measurement location, it was found that the Ca2+ was
the dominant cation based on the total episode
number and average maximum concentration. In
addition, as a source, southerly backtrajectories were
determined. The path of the ions started over the
desert region in Libya and passed through the
Mediterranean Sea during the mutual episode days
5-6.4.2002.

KEYWORDS:
Ion; pH; EC; Backtrajectory Analysis; Thrace

INTRODUCTION
Air pollution became a global issue especially
after the industrial revolution, which is in strong
connection with episodes such as the acid rain
phenomena. Information on the chemical
components of rainwater allow scientists to study
their participation between these effects. Numerous
studies on this subject can be found at latitudes near
the Thrace Region. As an example, particulate matter
amounts (PM2.5 and PM10) in rainwater were
presented for some playground areas in the city of
Istanbul, Turkey [1]. The authors pointed out that a
considerable low pressure system carried out dust
particles from the Sahara Desert over Istanbul on the
selected episode days. Daily variations of major
2524
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of water soluble pollutants.

used for the analysis of precipitation chemistry and
the results were then compared in [17]. Main
precipitation properties were analyzed for a
mountainous area in China [18]. Effects of acidic
rain on oil-producing Niger Delta were evaluated in
[19], where the authors analyzed three representative
locations and seasons for two successive years;
namely 2005 and 2006. Another current study on the
trend of chemical precipitation content was
conducted for Georgia [20]. Possible effects of
atmospheric transport on precipitation composition
were also investigated in Russia [21]. Approach was
made to present the interactions between cloud
particles and pollutant transport [22]. Likewise, the
effects of long range transport on precipitation
substance were investigated [23]. The effect of wet
deposition parameters like dew and liquid fog was
evaluated during a 4-year measurement period [24],
where the researchers pointed out that especially
mountainous regions were under the effect of
pollutants in fog droplets rather than those in
precipitation water. A 4-month measuring period
was considered to analyze the chemical composition
of each precipitation eventat Asansol, India [25]. The
author indicated that HCO3- was the dominant
component in 36% of the total events, while only
17% of the episodes were acidic. About 66 samples
of major ions together with their corresponding
source locations were analyzed [26] and it is
determined that all ionic components showed
minimum during summer. Most of Cl- and Na+ were
seen to be originated from the sea while for the rest
of the concentrations, it is found that long term
transport and local anthropogenic effects became
more effective. Another study [27] compared the
variations in precipitation chemistry between forest
and forest village. The status of aerosol and
precipitation chemistry was examined in western
United States in [28]. [29] showed that SO42- and
Ca2+ are the major pollutants in precipitation water.
Ultrafine particle samples were collected and
analyzed using energy filtered transmission electron
microscopy and energy dispersive X-ray
spectroscopy methods [30]. The results showed that
76% of particles were composed of carbon. Using
the plasma-mass spectroscopy technique, water
samples were collected regularly from the Poyang
Lake in China. Statistical analyses for these samples
were applied to determine the distributions of
possible major heavy metals [31]. Spatiotemporal
variation of stable isotopes in summer and winter
was investigated and compared in China in [32].
Local studies on monitoring and analysis of
precipitation paths as part of extreme ion contents in
Turkey are unfortunately very scarce. Hence, the
objective of this study was to take a first step on the
estimation of the possible routes of rainfall samples
as measured by peak of the maximum concentrations

MATERIALS AND METHODS
The selected locations are located in Istanbul
¶ ( ¶ 1  7HNLUGD÷ ¶ ( ¶
1  (GLUQH ¶ ( ¶ 1  DQG .ÕUNODUHOL
¶(¶1 FLWLHVLQWKH7KUDFH Region of
the European part of Turkey. Datalogger-rain gauge
systems were installed in the Maslak Campus of
Istanbul Technical University (Istanbul), in the
UHVHDUFKILHOGVRI.ÕUNODUHOL$WDWUN6RLO:DWHUDQG
$JULFXOWXUDO 0HWHRURORJ\ 6WDWLRQ .ÕUNODUHOL DQG
(GLUQH  DQG LQ WKH ILHOG RI WKH 7HNLUGD÷ 5HVHDUFK
,QVWLWXWHRI9LQLFXOWXUH 7HNLUGD÷ 
During the measurement phase from November
2000 to September 2002 interval, samples were
collected using rain gauges with 0.1 mm precision
(tipping bucket rain gauge of Texas Inst.). They were
used together with target-programmed dataloggers
(CR 10X of Campbell Sci.). Within the data
collection period, the rain gauges were continuously
open to the atmosphere, thus the dry- and wet
depositions were considered together. Several
hundreds of rain samples accumulated in bottles
successively at each station were sorted out
according to maximum amount of ion concentrations
(Table 1). Dataloggers at these locations were
programmed so that each of the total 6 polyethylene
bottles within the shelters corresponds to each
successive 10-min interval of the first 1 hour during
the episode. Inner walls of the bottles were washed
out with distilled water before they were used.
Collected samples were filtered just after the episode
ends at the location and then in the laboratory using
ILOWHUV ZLWK  DQG  ȝP SRUHV. Samples were
stored under 4°C conditions in the refrigerator after
the sampling till their laboratory analyses.
The anion amounts were qualified by a Varian
Model 2010 ion chromatograph, while an atomic
absorption spectrometer was used for cation
determination except NH4+, for which a spectrophotometer was used. For the measurement process
of EC and pH, a portable pH/EC tester (Hanna
Instruments) was used. Detailed information on the
related technical and physical background is found
in [2].
The HYSPLIT (Hybrid Single Particle
Lagrangian Integrated Trajectory) Model was used
to calculate and illustrate the desired backtrajectories
of the samples with highest (by pH, lowest)
concentrations during the episode days. As a major
tool of the Air Resources Laboratory (ARL) in the
National Oceanic and Atmospheric Administration
(NOAA), the HYSPLIT is used effectively for
estimating the spatiotemporal pollutant transport.
For this purpose, the model 
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TABLE 1
Statistics of the Maximum Ion Concentrations in the Collected Precipitation Water Samples.
Comp.

Max. conc. (max)

Min. conc. (max)

Mean conc. (max)

Total Sample Nr.

I

T

E

K

I

T

E

K

I

T

E

K

I

T

E

K

I

T

E

K

SO42-

75
3.5

616.7

1293
.8

3098.3

0.2

1.3

4.2

2.9

10
7.2

133.0

148.
0

217.
1

187.
8

164.
3

277.
5

50
0.3

49

35

34

49

NO3-

46
7.4

154.1

333.
9

275.2

1.0

1.0

0.6

0.8

24.
5

34.6

54.8

55.9

66.8

40.7

83.4

75.
2

49

35

35

46

Cl-

27
72.
4
89
7.8

856.7

1197
.4

998.6

2.0

1.7

2.0

0.3

22
8.0

101.8

230.
2

160.
3

596.
8

184.
2

343.
8

24
9.1

45

33

32

45

820.9

800.
0

800.0

10.9

3.5

3.0

3.5

13
1.3

119.5

159.
4

81.4

156.
0

172.
5

230.
8

12
5.4

45

54

47

93

160.3

109.
7
863.
5

62.
0
10
2.4

110.
8
80.8

Na+
K+
Mg2+
Ca2+

61
5.4
46
3.0

409.5

144.9

2.8

2.8

2.8

2.8

579.0

6.0

8.2

7.4

6.6

22.2

23.0

21.4

113.8

131.
3

126.
4

26.8

22.1

101.
4

147.
7

24.
4
11
0.4

44

53

48

93

45

55

49

94

16
87.
1
81
1.0

1890.7

1257
.5

1600.3

38.9

17.
5

9.5

42.
9

51
7.9

430.8

312.
2

420.
1

411.
8

408.
6

298.
9

28
6.3

45

58

49

95

472.3

394.
7

1191.2

1.7

10.
4

1.7

0.7

88.
0

111.4

76.4

134.
7

150.
7

96.3

78.0

17
6.8

35

47

42

77

pHmin

7.5

7.9

7.7

8.6

4.7

4.4

4.3

4.2

6.0

6.0

6.1

6.0

0.6

0.7

0.7

0.7

54

57

51

96

EC

75
0.0

688.0

436.
0

465.0

10.0

13.
0

7.0

6.0

13
9.7

123.4

92.6

113.
1

133.
9

128.
9

95.8

89.
2

56

57

46

95

NH4+

shown in bold. Figure 1 gives the time series of
maximum cup concentration values for major
cations during the measurement period in Thrace:
Among all maximum SO42- concentrations, the
KLJKHVWYDOXHRFFXUUHGLVHT/LQ.ÕUNODUHOL
Highest maximum values for Edirne, Istanbul and
7HNLUGD÷ ORFDWLRQV DUH IRXQG DV   DQG
616.7 μeq/L respectively. Largest average (217.1
HT/  ZDV DOVR VHHQ LQ .ÕUNODUHOL IROORZHG E\
Edirne with 148.0 μeq/L. The average maximum
SO42- value is the smallest in Istanbul with 107.2
μeq/L. As seen in Figure 1, nearly two third of all
samples are represented by concentrations lower
than 100.
Time series of maximum NO3- concentrations
indicate that most of the NO3- data are lower than
SO42- rates. On day 5.6.2001, 467.4 μeq/L was
recorded in Istanbul and this record is the highest
number among all NO3- measurements. In contrast;
Istanbul has the lowest average maximum NO3value. NO3- rates were measured as 55.9, 54.8, 34.6
DQG  HT/ DW .ÕUNODUHOL (GLUQH 7HNLUGD÷ DQG
Istanbul, respectively. These results show that the
orders of the locations were nearly the same for SO42and NO3- (Figure 1). Moreover, especially Istanbul
station shows extremely high Cl- ratios twice during
the measurement period. These are 2772.4 μeq/L on
21.6.2001 and 2766.5 μeq/L on 12.4.2001. Highest
Cl- rate in Edirne was experienced as 1197.4 μeq/L
RQDQGDVHT/LQ.ÕUNODUHOLRQ
WKHVDPHGD\7HNLUGD÷VKRZHGWKHORZHVWPD[LPXP
Cl- as 856.7 μeq/L on 1.3.2001. Edirne leads with
230.2 μeq/L when the average maximum Cl- was
FRQVLGHUHG DQG 7HNLUGD÷ KDV WKH ORZest average
with 101.8 μeq/L (Figure 1).
In addition to the variations of the major
cations, pH and EC were also evaluated. Time series
for WKHVHDUHJLYHQLQ)LJXUH+HUH7HNLUGD÷KDV

computes the path; or in other words, the trajectory
of a particle using an integrated system derived from
two main approaches; namely the Lagrangian
Method and the Eulerian approach [33, 34]. Other
models were also developed to monitor advection
patterns related to volcanic ash and dispersion. In
this study, the internet-based trajectory model
(HYSPLIT-WEB) was used. As part of the Real
Time Environmental Applications and Display
System (READY), the model provides integrated
numerical and graphical outputs for the dispersion
[34]. Using meteorological database as inputs, users
can simulate archive or forecast trajectories at the
desired location and time interval.

RESULTS AND DISCUSSION
Data collections started on 11.11.2000,
26.11.2000, 28.11.2000 and 17.12.2000 at
.ÕUNODUHOL (GLUQH 7HNLUGD÷ DQG ,VWDQEXO VWDWLRQV
respectively. The ³totals´ of the samples were
analyzed in an earlier study [2]. Thus, only 6th cups
during each recorded episode were considered and
used in that study. In this study, however; the
maximum concentration of each sample and for each
component recorded in 10-min intervals within an
hour was taken into account. General properties of
the maximum amount of major ions, maximum EC
and minimum pH concentrations in precipitation
water of Thrace for the measurement period is given
in Table 1.
According to Table 1, maximum total number
RI VDPSOHV LV VHHQ LQ .ÕUNODUHOL ZLWK  VDPSOHV
This is followed by Tekirda÷ ZLWK  VDPSOHV
Istanbul with 467 samples and Edirne with 433
samples, respectively. In the table, maximums of the
maximum concentration rates except pH is
2526
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the highest maximum Ca2+ value as 1890.7 μeq/L on
day 27.3.2001, although the maximum average
concentration rate was recorded in Istanbul with
517.9 μeq/L. Edirne has the lowest maximum and
average maximum Ca2+ as 1257.5 and 312.2 μeq/L,
respectively on day 23.4.2001.
On 21.6.2001, the precipitation in Istanbul
reached an extremely high maximum K+ rate as




615.4 μeq/L, which is not comparable with all the
remaining samples. Also Istanbul showed the highest
average maximum K+ concentration (62 μeq/L)
among the locations. All of the highest maximum K+
values of the other stations are lower than 200 μeq/L
while the average ratios vary between 20 and 23
(Figure 2).



 



 







    


















 
 





    













 
 





   














 
 





    
















 
 









    






 

FIGURE 1
Maximum Cation Concentrations (μeq/L) during the Measurement Period in Thrace
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account. Istanbul shows the extreme high Na+ ratio
 HT/  RQ  ZKLOH LQ .ÕUNODUHOL
(GLUQHDQG7HNLUGD÷LWLVIRXQGWREHDWOHDVWHTXDOWR
800 μeq/L on the days of measurement. Having an
DYHUDJHFRQFHQWUDWLRQRIRQO\HT/.ÕUNODUHOL
is the cleanest location in terms of Na+ (Figure 2).
On 29.9.2002; just before the end of the data
FROOHFWLRQ SHULRG .ÕUNODUHOL FLW\ VKRZHG D SHDN LQ
NH4+ concentrations as 1191.2 μeq/L. Likewise, the
highest average maximum NH4+ value is calculated
DV  HT/ IRU .ÕUNODUHOL ZKLOH LW LV  88
DQG  HT/ LQ 7HNLUGD÷ ,VWDQEXO DQG (GLUQH
respectively (Figure 2).

Among all of the samples, spatial and temporal
variation of Mg2+ component in precipitation water
indicated that the event in Edirne on 27.11.2000 has
the highest maximum Mg2+ ratio as 863.5 μeq/L,
while Edirne also showes the highest average
maximum Mg2+ concentration as 131.3 μeq/L
)LJXUH   :LWK  HT/ 7HNLUGD÷ KDV WKH
lowest maximum Mg2+ ratio on 9.1.2001, and
Istanbul experiences the highest diluted precipitation
water in terms of average maximum Mg2+ contents
(102.4 μeq/L).
Edirne is the first with 159.4 μeq/L when the
average maximum Na+ concentrations are taken into







 
 









    












 
 





    



















 
 









    














 
 







    




















 



 







    







 



FIGURE 2
Time Series of the Major Anions, pH and EC Concentrations (μeq/L) in Precipitation Samples at four
Locations in Thrace during 2000-2002.
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maximum EC ratios, Istanbul showed the highest
sample value as 750 on 21.4.2001 precipitation,
whereas it reached only 436 in Edirne on 31.3.2001.
Both cities have also the highest and lowest average
maximum EC concentrations as 139.7 and 92.6
respectively during the data collection period.

As well known, low pH rates are prime
indicators for the acidity of precipitation water.
Variation of rainwater pH in Thrace during the
measuring period is also demonstrated in Figure 2.
According to this, most of the minimum pH values
vary between 5 and 8, indicating that the greater part
of the samples during precipitation events in Thrace
is slightly acidic; as expected. Mean values for
minimum pH concentration are obtained as 6.1 in
Edirne, and followed by 6.0 in other locations. The
highest minimum pH concentration was measured as
GXULQJWKHDONDOLSUHFLSLWDWLRQHYHQWDW.ÕUNODUHOL
station on 6.7.2001. Seen as 4.2, also the strongest
DFLGLF SUHFLSLWDWLRQ IHOO WR .ÕUNODUHOL RQ 
while no minimum pH concentration was recorded
lower than 4.5 at the remaining stations.
The last chemical component evaluated for
Thracian precipitation in this study was the
maximum EC, for which higher concentrations are
quite satisfactory indicators of the dissolved ion
amount within precipitation water. As seen in Figure
2, most of the maximum EC values have
concentrated between 50 and 200. Among all

Results of HYSPLIT Analysis Data.
HYSPLIT is an advanced tool for computing
forecast/archive trajectories including also some
relevant parameters such as dispersion and volcanic
ash. Following figures give the outputs from the
HYSPLIT Backtajectory Model for our data
samples. In the model, as input, the common
backwards timeframe was selected as 72 hours. The
VHOHFWHG WUDMHFWRU\ W\SH ZDV ³QRUPDO´ RQH VRXUFH
location). For each episode (precipitation) day at our
stations in Thrace, the begin of the backwards
movement was assumed 12 AM. Global reanalysis
data of the model was used to input the
meteorological data, and the height of the trajectory
calculation was 1500 m ASL (nearly 850 mb level).



ISTANBUL: 5.6.2001
TEKIRDAG: 23.2.2001

EDIRNE: 12.4.2001

KIRKLARELI: 23.2.2001



FIGURE 3
72 Hour HYSPLIT-Backtrajectory Analyses of Maximum NO 3- Concentrations during Corresponding
Precipitation Events at the four Locations in Thrace (850 mb level).
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maximum Cl- and SO42- concentrations in Istanbul,
so the figure for both anions is the same. Similar
VLWXDWLRQ LV DOVR VHHQ LQ 7HNLUGD÷ RQ 
0RUHRYHU (GLUQH DQG .ÕUNODUHOL KDYH WKH VDPH
maximum Cl- content on day 30.12.2000, thus the
starting points and routes of the corresponding
trajectories are exactly the same. Behavior of the
maximum Na+ episodes before reaching the
measurement locations is given by Figure 5.
After ignoring annual variations, these indicate
that all of the measurement locations experienced
their maximum Mg2+ concentration episodes during
)DOO H[FHSW 7HNLUGD÷ :LQWHU  )RU ,VWDQEXO DQG
.ÕUNODUHOL WKH VRXUFHV DQG SDWKV DUH FRPSOHWHO\
opposite as being North and South, respectively.

It was determined that all of the stations except
Istanbul have experienced their highest maximum
SO42- during the spring seasoQ )RU .ÕUNODUHOL DQG
7HNLUGD÷ DOO WKH WUDMHFWRULHV WKDW FDUU\ PD[LPXP
SO42- were originated in the Mediterranean Sea,
while these trajectories started in continental Europe
and passed through the Aegean Sea reaching Istanbul
and Edirne. Figure 3 below shows that the
occurrence times of the maximum NO3- including
precipitation events differed remarkably among four
locations. Spatially, however; a common
northwesterly path exists for the SO42- carrying
trajectories except Edirne, for which a considerable
shorter southwestern route is seen.
Days and routes of the backtrajectories
associated with highest maximum Cl- content are
given in the following Figure 4.
21.6.2001 was a common episode day for





I
ISTANBUL:21.6.2001

TEKIRDAG: 1.3.2001

EDIRNE: 30.12.2000

.,5./$5(/ø

FIGURE 4
72 Hour HYSPLIT-Backtrajectory Analyses of Maximum Cl- Concentrations during Corresponding
Precipitation Events at the four Locations in Thrace (850 mb level).
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ISTANBUL: 21.6.2001

TEKIRDAG: 27.3.2001

EDIRNE: 27.11.2000

KIRKLARELI: 11.11.2000



FIGURE 5
72 Hour HYSPLIT-Backtrajectory Analyses of Maximum Na+ Concentrations during
Corresponding Precipitation Events at the four Locations in Thrace (850 mb level).


)RU7HNLUGD÷WKHWUDMHFWRU\ZDVRULJLQDWHGIURPWKH
desert region in Algeria and moved to North, then
moved off from the Spain-France Boundary and
passed through the Mediterranean Sea till
southeastern Greece, and after crossing over the
Aegean Sea it arrived its final destination. In
7HNLUGD÷ DQG .ÕUNODUHOL WKH SULQFLSDO GLUHFWLRQ RI
maximum Ca2+ carrying trajectory patterns is seen to
be south; whereas it is west for the other locations.
For Istanbul, the starting point is between Eire and
the Bay of Biscay in the North Atlantic Ocean,
whereas the trajectory followed an almost parallel
southern route starting at the coastal side of
Marseille.
In addition to the SO42- and Cl- cases, 21.6.2001
was also the same extreme precipitation episode day
for Na+ in Istanbul, so the interpretations of the
figures are the same. Similar condition exists for

TekLUGD÷IRUPD[LPXP&D2+ and Na+ concentrations
on 27.3.2001. The ion carrying patterns started to
move over the desert region between the AlgeriaLibya-Tunisia Boundary line. It is obvious that the
WUDMHFWRU\RI.ÕUNODUHOLKDVDOVRDFORVHVWDUWLQJSRLQW
between Tunisia and Algeria to this one.
Mutual precipitation episode day (21.6.2001)
given in Figure 5 is also valid for the maximum K+
containing precipitation episode in Istanbul as it was
for SO42-, Cl- and Na+.
7HNLUGD÷ VWDWLRQ KDV WKH PD[LPXP
concentration of three major cations, Ca2+, Na+ and
K+ on 27.3.2001, i.e. the same day as in Istanbul. On
WKHRWKHUKDQGDXQLTXHSDWKZDVVHHQLQ.ÕUNODUHOL
The trajectory started to move over northeastern
Sicilia on the Tyrrhenian Sea and proceeded to the
east by crossing over Greece. After reaching the
western Turkish coast, it was deflected sharply to
2531
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North.
Interpretation of trajectories for precipitation
occurrences with minimum pH values are given in
Figure 6.
Figure 6 shows that three of the four most
acidic precipitation patterns during the measurement
interval were originated from the desert region over
1RUWK$IULFDH[FHSW7HNLUGD÷7KHVWDUWLQJSRLQWRI
PRYHPHQW IRU 7HNLUGD÷ ZDV RYHU WKH FRDVWDO ]RQH
between Monaco and Italy. For Istanbul, Edirne and
.ÕUNODUHOLVWDUWLQJSRLQWRIWKHWUDMHFWRULHVZDV66:
11:IRU7HNLUGD÷ 
Finally, it is seen that the routes of maximum
EC in all locations except Edirne were dominated by
backtrajectories originated from south over the sea in

the case of maximum EC. For Edirne, however; the
origin of the trajectories was continental (PalamasGreece), and west of the final destination.
Analysis of Concurrent Episode Days. In
addition to the evaluation of maximum ion
concentrations for each measurement location,
occurrence of the mutual or at least concurrent
episode days for all samples at these four stations
were also investigated. The results showed that the
maximum ion concentrations together with pHmin
and EC did not occur in the same day for all stations.
Hence, successive episode days together with
maximum number of occurrences were determined
and evaluated in each year as a further step. 



ISTANBUL: 8.3.2002

TEKIRDAG: 1.2.2001

EDIRNE: 30.1.2001

KIRKLARELI: 18.1.2002

FIGURE 6
72 Hour HYSPLIT-Backtrajectory Analyses of Minimum pH Concentrations during Corresponding
Precipitation Events at the four Locations in Thrace (850 mb level).


2532



© by PSP

Volume 26 ± No. 4/2017 pages 2524-2536

Fresenius Environmental Bulletin

route with that RI.ÕUNODUHOL$OOWKHORFDWLRQVKDYH
Mediterranean-based trajectories except Edirne, for
which the progress of the backtrajectory was seen
over the Aegean coastal side of Greece.
Results on the investigation of possible mutual
or concurrent episode periods within the last
measurement year are given in Figure 7.
It is obvious that all backtrajectories have
followed nearly the same path at the by start, then
move over the desert region in Libya and crossing
the Mediterranean Sea zonally. Among the
maximum concentration carrying patterns, however;
no similar spatial connection could be found.

Concurrent days found in 2000 are 16.12.2000
(GLUQH 7HNLUGD÷ .ÕUNODUHOL  DQG 
(Istanbul). These episode days showed almost the
same trajectories starting over the desert area in
Northern Algeria before crossing the Mediterranean
Sea. Istanbul, however; experienced a Northwestern
movement beginning over Great Britain and passing
through the continental Europe before reaching its
final point.
Similarly in 2001, on 11-12-13.4.2001,
concurrent occurrences were seen. Istanbul and
Edirne stations have the same episode days with
similar trajectory starting points but different paths.
Here, the backtrajectory of Istanbul has a common


ISTANBUL: 6.4.2002

TEKIRDAG: 5.4.2002

EDIRNE: 5.4.2002

KIRKLARELI: 5.4.2002

FIGURE 7
Backtrajectory Analysis for the Common Episode Period during 5-6.4.2002 in Thrace.
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CONCLUSIONS
General assessment of the results suggested that
the Ca2+ is the major pollutant in extreme ionic
rainwater samples both by episode scores (73% of
the total) and by average maximum concentrations.
The next component was SO42- IRU 7HNLUGD÷ DQG
.ÕUNODUHOLDQG&O- for Istanbul and Edirne sites only
for the total extreme episode number. Oppositely,
Mg2+ was determined as the most rare chemical
parameter at all locations, though its average values
were notable. Averages of maximum pH values vary
within the range of normal precipitation and stream
water, according to the global classification.
Istanbul was the location with highest
maximum values for five of the eight ion types.
7HNLUGD÷ FLW\ KRZHYHU KDV WKH PRVW GLOXWHG
rainwater within four of the eight ion species. In
Istanbul; all of the maximum ion carrying
trajectories started to move from north, northwest or
in between (NNW) except ECmax and pHmin, for
which S or SSW directions were dominant. In
7HNLUGD÷ DOO RI WKH WUDMHFWRULHV KDG D ZHVWHUOy
component except SO42-, which came from south at
the start. Similarly, Edirne also experienced westerly
trajectories for all its maximum ions and EC, with
exception of the pHmin trajectory that came from
VRXWK )RU .ÕUNODUHOL KRZHYHU QR VXFK GRPLQDQW
direction existed even though eight of the totally ten
chemical component types had nearly westerly subdirections. When anions were considered, the
predominating northwesterly direction is clear,
which was then followed by a few SW-trajectories.
One key result on the sources and directions of the
backtrajectories is so that no easterly path existed
influencing all locations during the measurement
period between 2000 and 2002.
In this study; 31 of the totally 40 extreme ion,
pH and EC episode days belonged to 2001 because
only the last 2 months of the prior (2000) and the first
9 months of the following (2002) years were
involved in the measurement period. This was the
first attempt with a continuous collection and
analysis of rainwater samples based on the maximum
concentrations in the Thrace. To our knowledge, no
other local study has been carried out on this subject
till this one. Further research will be helpful for
making a broader interannual explanation on the
sources and routes of the atmospheric pollutant
flights to Thrace. This could be done by establishing
numerous measuring systems at more points and
making systematic continuous measurements.
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OMWW are generated within few months (from
October to January). Furthermore, the disposal and
treatment of this liquid waste are a major concern for
the olive oil pressing industry because of its elevated
organic content [2] in addition to phytotoxic and
antibacterial phenolic compounds, which resist
biological degradation [3, 4, 5, 6, 7].
Many studies were conducted in several oil
producing countries in order to find convenient
solutions for spreading this by-product into
agriculture lands without harmful environmental
effects [8]. Most of these studies were focused on the
pretreatment of OMWW using different
microorganisms, different aerobic or anaerobic
processes [9], aerobic biological treatment and
coagulation-flocculation using lime precipitation
[10,11], detoxification and GHJUDGDWLRQE\)HQWRQ¶V
process [12], artichoke peroxides to remove phenols
[7] and evaporation ponds [13, 14].
The composition of olive mill wastewater
(OMWW) has been studied for their physical and
chemical characteristics, but there is a lack of data to
quantify pollution level per ton of olives processed.
The objective of this research was to quantitatively
assess the impact of the olive mills wastewater on the
environment. Comprehensive laboratory analyses of
effluents were carried out to identify pollutant levels
of BOD5, COD, TSS, and phenols in relation to the
extraction techniques (i.e. traditional or continuous
processes).

ABSTRACT
Olive mills wastewater (OMWW) is the liquid
by-product of the olive mill industry produced in
large quantities in Mediterranean region. Due to cost
issues no treatment plants are currently available at
the mills; therefore OMWW is normally discharged
into evaporation lagoons/ponds or spread into the
agricultural land. The objective of this research was
to quantitatively assess the impact of the olive mills
wastewater on the environment. The study was
started by the selection of twelve olive mills using
different oil extraction techniques (traditional and
continous) for environmental auditing. The chemical
characteristics of the wastewater were used to
estimate the pollution loads per ton of olives
processed. Results showed that traditional mills
produced the highest pollution load per ton of olives
processed. They produced 20.50 kg/t of BOD5, 52.50
kg/t of COD, 20 g/t of phenol and 26 kg/t of total
suspended solids (TSS). The two phase mills
produced the minimum pollution load, which can be
considered as environmental friendly machine. They
produced 25 g/t of BOD5, 150 g/t COD, 0.29 g/t of
phenol and 6.7 g/t total suspended solid. The
COD/BOD5 ratio was 2.5 for traditional and 3-phase
mills indicating that this wastewater is not suitable
for biological treatment.

KEYWORDS:
BOD5, pollutant levels, Phenol, pollution prevention.

MATERIALS AND METHOD
INTRODUCTION

The study was started with the selection of
twelve olive mills using different oil extraction
techniques (traditional and continuous) for
environmental auditing and analyzing their chemical
polluting characteristics. Measurement of water used
in processing of one ton of olives and the quantities
of OMWWs generated by each extraction process
were recorded.
Samples of mills effluents were taken in
triplicates for chemical analysis from each mill.
Comprehensive laboratory analyses of effluents
were carried out to identify pollutant levels, which
include BOD5, COD, phenols and TSS, according to

Olive is an important cash crop in the Middle
East, constituting a source of income for almost all
Mediterranean economies. However; olive oil
production is a polluting industry, which without
proper treatment, contributes to the degradation of
agricultural lands and affect water quality due to the
release of waste (pomace and vegetable water) in
nearby valleys, rivers, and land [1].
The disposal of olive oil mill wastewaters
OMWW is one of the main environmental problems
in the Mediterranean, where large volumes of
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generated in three stage mill which is in line with
literature [2]. The two phase system produced less
wastewater in oil extraction compared to traditional
and three phase systems. They produced less than
400 l/ ton, used mainly in olive washing and
malaxing phases. Therefore, using ecological
decanters (2-phase) will result in minimization of
water consumption and generation in olive oil
production.
Table 3 presents the average of OMWW
chemical analysis results which shows that the
BOD5, COD, Phenol and TSS were higher in
traditional mills. For example, the BOD5 were 41, 20
and 0.06 g/l for traditional, 3-pahes and 2-phase
mills respectively, while the phenol reached 0.04 g/l
for traditional mills which is three times the phenol
traced the three phase mills wastewater which are
close to what reported by [16, 17]

the Standard Methods for the Examination of water
and Wastewater ± APHA [15]. The average of water
used in oil production, effluents generated and their
chemical analysis results were used in calculation
the pollution loads per ton of olives processed.
Multiplying these emission factors by total activity
rate (production volume) in each mill, the pollution
loads in relation to oil extraction techniques can be
estimated. The associated environmental impacts
from the operation of olive oil mills were assessed
based on the pollutants generated, their quantity and
characteristics.

RESULTS AND DISCUSSION
The water consumption in olive oil production
(liter/ton) based on the field measurement is
presented in Table 1.

TABLE 3
Average chemical analysis results (g/l)

TABLE 1
Average water quantities used in olive washing
and oil separation
Mill Type
Water consumption (l/ton of
processed olive)
Traditional
400 l/ton
Two Stage
325 l/ton
Three Stage
950 l/ton

Mill Type
Traditional
Two Stage
Three Stage

Traditional
Two Stage
Three Stage

Wastewater
generated
(l/ton)
(B)
500
375
985

COD
105
0.40
50

Phenol
0.04
7.8e-4
0.012

TSS
52
0.18
23

TABLE 4
Pollution loads (kg) per season based on the
audited mills
Type of
Mill
Traditional
2-Phase
3-Phase

TABLE 2
Average wastewater generated per ton of
processed olives in the selected mills
Olive
processed
(ton/season)
(A)
1,100
6,450
10,320

BOD5
41
0.06
20

The total pollution loads kg per season is
presented in Table 4. They were calculated by
multiplying the chemical analysis results and the
total amount of vegetable water generated per season
in the last column of table 2 (column (C)). The two
phase mills produced the lowest pollution load per
season. They produced 146 kg of BOD 5 and 968 kg
of COD, while the traditional and 3-phase mills
produce 22,550 and 203,304 kg/season of BOD5,
respectively.

Water use at different stages of oil production
varies according to pressing techniques, normally
centrifugal mills requires larger quantities of water
than hydraulics mills as shown in Table 1. Water
consumption by traditional and two stage mills go
along with what is cited by literature, 300-500 liters
of water per ton of olives processed. However, due
to water scarcity in the country (Jordan), the three
stage mills consumed roughly half the quantity of
water cited by literature of 1500 liters of water per
ton of olives processed [2].
Table 2 presents the actual vegetable water
(OMWW) generated per ton of processed olives
based on pressing technology.

Mill Type

Fresenius Environmental Bulletin

BOD5

COD

Phenols

TSS

22,550
145
203,304

57,750
968
508,260

22
1.89
122

28,600
435
233,800

The pollution loads per one ton of processed
olives are presented in Table 5. They were obtained
by dividing the values shown in Table 4 by the
values of column (A) in Table 2.

Wastewate
r generated
(l/season)
(C = AxB)
550, 000
2,418,750

TABLE 5
Pollution loads (kg/t) of processed olives by each
extraction methods

10,165,200

Type
of
Mill
Traditional
2-Phase
3-Phase

The average volumes of wastewater produced
per ton of processed olives were 500 l/t of olives for
traditional mills, 375 l/t for 2-phase, and 985 l/t for
3-phase mills. The quantities of vegetable water
generated in traditional mills were lower than those

BOD5

COD

Phenol

TSS

20.5
0.025
19.70

52.5
0.15
49.25

20 g
0.29 g
11.80

26
0.0067
22.67

Table 5 shows that traditional mills produce the
2538

© by PSP

Volume 26 ± No. 4/2017 pages 2537-2540

highest pollution load per ton of olive processed.
They produce 20.50 kg/t of BOD5, 52.50 kg/t of
COD, 20 g/t phenol and 26 kg/t total suspended solid
(TSS). The three phase mill produces the second
highest pollution load with value 19.70 kg/t of
BOD5, 49.25 kg/t of COD, 11.80 g/t phenol and
22.67 kg/t total suspended solid (TSS). Unlike the
traditional and the three phase mills, the two phase
mills produce the minimum pollution load per ton of
olive processed, which can be considered as an
environmental friendly machine in terms of the
generated wastewater. The two phase mill produced
25 g/t of BOD5, 150 g/t of COD, 0.30 g/t phenol and
6.7 g/t total suspended solid (TSS). The COD/BOD5
ratio was 2.56 ± 2.5 for traditional and 3-phase mills,
respectively, similar to what reported by [18] which
indicate that this wastewater is not easily treated
biologically.
The olive mills wastewater should be properly
managed to reduce its environmental impact to the
surrounding areas. The olive mill liquid waste has
antimicrobial activity and inhibited seed vegetation
and plant growth [19]. The disposal of OMWW in
the soil, which has been proposed as a temporary
solution to the problem, has similar negative
consequences by changing the air-water balance of
soil and probably reducing soil fertility in addition to
smelling and fouling odor. Their oil content may also
reduce the water retention and infiltration rate [20].
So, training of operators and technical
assistance are essential to encourage them to
maintain principles of green processing of olive oil.
The government should set regulations and standards
for the olive oil effluents and enforce these
regulations by adequate monitoring strategy. There
is a need to widen the environmental awareness
campaign about the environmental impacts of olive
mills wastewater to foster the compliance and
commitment for handling the wastewater in an
environmentally safe and sound manner.
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production by using ecological decanters.
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ABSTRACT

INTRODUCTION

Huaibei is the important coal production base
and electric power generation base, where
groundwater is the primary water resource for
drinking and irrigation. Thus, a comprehensive
assessment of groundwater quality is critical for
local residents. The hydrochemical characteristics
of both shallow aquifer (14) and deep aquifer (11)
were determined. The concentrations of the cations
in the shallow groundwater decrease in the order of
Na+ ˚ Ca2+ ˚ Mg2+ ˚ K+, while in the deep
groundwater in the order of Ca2+ ˚ Na+ ˚ Mg2+
˚ K+, classifying both groundwater as Ca2+-Na+
type. The contents of anions in both shallow and
deep groundwater follow a similar pattern as HCO3˚ Cl- ˚ SO42- ˚ NO3-, with HCO3- as the
dominant species. The mean values of pH, electrical
conductivity and total dissolved solid of shallow
groundwater were higher than those in deep
groundwater. Three groups of water were generated
from hierarchical cluster analysis to test water
quality data of their hydrochemical parameters. The
factor analysis on different water quality parameters
indicated that most of their variations can be
explained by natural dissolved salts and
anthropogenic activities. The assessment of water
quality shows that deep groundwater is generally
suitable for drinking and agricultural irrigation. In
contrast, great caution should be taken when using
shallow groundwater for irrigation or drinking.
Appropriate technologies are thus required for
shallow groundwater to reduce the salinity and
sodium compounds before irrigation and to reduce
F, Mn and total dissolved solid before drinking.

Groundwater has been widely used for
irrigation,
industrial and
domestic
water
supply[1,2].
Generally,
the
hydrochemical
characteristics of groundwater can provide
important
information
for
water
source
management. The quality of groundwater for
drinking is of extreme significance for human
health. Groundwater quality in a local region is
decided by natural processes and anthropogenic
activities. Due to perturbation of anthropogenic
activities, the hydrochemical characteristics of
groundwater have been recently significantly
changed[3,4,5,6,2]. The groundwater quality is
primarily interpreted by hydrochemical analysis[7].
Many methodologies including multivariate
statistical analysis, hydrogeochemical diagrams,
and factor analysis, have been used to identify the
variations
and
sources
of
groundwater
pollution[8,9,10,11,12,13,14]. Water quality is
characterized by the hydrochemical features of the
groundwater. The results of the geochemistry
investigations demonstrate that assessment of
groundwater quality and its suitability for domestic
and
irrigation
purposes.
Some
researchers[15,16,17,18,19]have focused on the
methods adopted for groundwater quality
assessment. All of the above-mentioned studies
provide a significant theoretical basis for this study.
Huaihe River is one of the seven largest rivers
in China, which has been affected by human
activities to a large extent[20]. The shortage of
water resource greatly threatens the economic
development of many cities around the Huaihe
River Basin. Huaibei city located at the
southeastern of Huaihe River Basin is in the
confluence of the Zha River and the Dai River, two
of the tributaries of the Huaihe River (Fig. 1). The
shallow groundwater, and deep groundwater
(maximum depth is 250 m) from drilled wells were
pumped for use at Huaibei city. Huaibei is the

KEYWORDS:
Hydrochemical characteristics,
quality assessment.

Groundwater,

Water
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FIGURE 1
Groundwater level and quality change over years in Huaibei City
evaporation were greater than the same month
precipitation in the rest months of a year in Huaibei.

important coal production base and electric power
generation base. Coal mines and thermal power
plants in Huaibei have an influence on the surface
water and groundwater. The groundwater quality
around Huaibei city has deteriorated rapidly over
the last several decades[21]. The ground- water
resources are not only used as irrigation water for
agriculture activities, but also as the drinking water
for the local people. The groundwater quality has
become a top social concern in view of the rapid
development of industrial and agricultural activities
in Huaibei.
With the rapid development of the city ͫ
groundwater has been used as major water supply
since the 1980sͫGroundwater withdrawal increases
year by year. Excessive exploitation of groundwater
has caused groundwater level to fall gradually (Fig.
1a). The decline of groundwater level may also
cause
severe
changes
of
hydrochemical
characteristics[2]. The total dissolved solid and
hardness of groundwater ascent since exploitation
of the carbonate aquifer groundwater in 1974[21]
( Fig. 1b). Investigate the hydrochemical
characteristics of the groundwater and assess the
water quality can improve the water management
and increase the availability of groundwater for
sustainable development.
The main objectives of this study are to: (1)
investigate the hydrochemical characteristics of
groundwater in Huaibei, (2) identify the possible
factors that influenced the groundwater characteristics, and (3) assess current groundwater quality.



FIGURE 2
Years of average month precipitation in
Huaibei(1956-2014)
The groundwater aquifer in the Huaibei can be
classified into two types: the Quaternary aquifer
and the Carboniferous limestone aquifer. The
Quaternary aquifer is mainly composed of porous
Quaternary sediments (i.e., alternating layers of
sand, gravel and clayey sand), with a thickness
ranging from 40 to 120 m. This aquifer mainly
receives recharge from atmospheric precipitation, is
the main accessible groundwater reserve in Huaibei.
The carbonate aquifer under the Quaternary aquifer
is another water supply resource in the Huaibei city
(Fig. 3). The main water recharge source is rainfall
infiltrated into carbonate rock formation through
overlying pore aquifer. Excessive extraction of
groundwater using for irrigation commenced in the
1980s in this area, leading to dramatic decrease in
available coal resource.

MATERIALS AND METHODS
Study area. The Huaibei is located at the
North
of
Anhui
province
(longitude:
ƍ-ƍ( ODWLWXGH ƍ-ƍ1 ZLWK D
total area of 2741 km2, and the population of 2.18
million. The average annual precipitation is 830
mm, and about 75% of precipitation occurring in
June to September (Fig. 2). The average annual
temperature is 14.5 Ԩ. The mean annual evapo
ration rate from water surface is 1029 mm. Except
July and August, The mean monthly water surface

FIGURE 3
The crosssection of Huaibei City.
Groundwater sampling and analysis. The
locations of sampling sites are shown in Fig. 4. In
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FIGURE 4
The location of the study area and location of sampling sites (Huaibei, China)
.
total, 11 deep groundwater samples from public
(1)
>Na  @
supply wells with depth of 130-180 m located at
SAR
>Ca 2 @ >Mg 2 @
carbonate aquifer and 14 shallow groundwater
2
samples the wells from residential and irrigation
where all the ionic concentrations are
wells with depths of 8-40 m located at Quaternary
expressed in meq/L. Excessive Na in water has
aquifers were pumped respectively in August 2013.
toxic effect on crops and detrimental effect on the
The deep groundwater samples were all located in
soil texture. Elevated values of SAR result in
the urban residents living area. One of the shallow
reduced permeability, soil dispersion, swelling of
groundwater samples was located at the upstream,
expandable clays, surface crusting and reduced
the others were situated at the downstream of the
productivity[27].
mining activities area, power plant and livestock
farm area.
Fuzzy comprehensive evaluation method.
The latitude and longitude were recorded by a
Water quality assessment plays a significant role in
hand-held global position system (Magellan
the water resource management and utilization [7].
600)[22]. The wells were purged before sampling
However, the management of water quality is
for 5-10 min. Temperature, pH and electrical
imprecise, and the fuzzy comprehensive evaluation
conductivity were measured in field using
method has been proved to effectively and reliably
corresponding portable measurement meters.
modify this imprecision[7,28]. The procedure of
Alkalinity of water was determined by the Gran
fuzzy comprehensive evaluation is expressed as
titration method. Each sample was collected in three
follows:
500 ml polyethylene bottles. For cations and trace
U ^u1 , u 2 ,    , u n `
(2)
elements analysis, water were acidified with
V ^v1 , v2 ,    , vm `
(3)
ultrapure HNO3 to a pH of 2. Anions (SO42-, Cl-,
U in refers to the matrix of determined value
NO3-, F-) were analyzed by ion chromatography,
of selected assessment parameters, and un refers to
while cations (Ca2+, Mg2+, K+, Na+) and some minor
the determined value of each assessment parameter
elements (Si, Sr, Fe) were analyzed by atomic
n. V refers to the matrix of environmental quality
emission spectrometer (ICP-AES). Other trace
standard of selected assessment parameters, and vm
elements were analyzed by inductively coupled
refers to the environmental quality standard of each
plasma mass spectrometry (ICP-MS). The
assessment parameter m. The membership degrees
determination uncertainties associated with major
of assessment parameters at each class can be
and trace elements are within ±5%.
described quantitatively by a set of formulates
comprised of membership functions as follows:
Water quality assessment methods. Sodium
adsorption ratio. Sodium adsorption ratio (SAR) is
an effective evaluation index used to assess the
0, Cki d Cij 1orC ki t Cij 1
suitability of groundwater quality for irrigation
°
° Cki  Cij 1 , C  C  C
purpose[7,23,24,25,26]. Sodium adsorption ratio is
(4)
ij 1
ki
ij
°° Cij  Cij 1
+
2+
2+
based on the ratio of Na to Ca + Mg , and is
rij ®
calculated by the following equation defined by
° Cki1  Cki , C  C  C
ij
ki
ij 1
° Cij 1  Cij
Richards (1954) as:
°
¯°1, Cki
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is smaller indicator of better water quality, while
the formula (5) can be used when Cki is bigger
indicator of better water quality.
The weight of water quality indicator is
expressed as
Pki C ki / Ci
(6)
where Pki is the weight of water quality

(5)

where rij represents the fuzzy membership of
indicator i to class j , Cki represents the analytical
value of water quality indicator i, Cij is the
allowable value of water quality indicator. The
fuzzy membership matrix Rk consists of water
quality indicators and classes. It should be noted
that the trapezoid formula (4) can be used when C ki

indicator i, Cki is the determined value of water
quality indicator i, Ci is the arithmetic mean of
allowable values of each class.

TABLE 1
Descriptive statistics of hydrochemistry parameters of shallow groundwater and deep
groundwater
Shallow Groundwater

Deep Groundwater
standard

coefficient

values

of

minim

maximu

um

m

value

value

K+

0.06

1.86

0.98

0.61

Na+

45.01

468.40

162.01

124.31

76.73

26.03

106.30

67.82

27.54

40.61

Ca2+

49.10

198.00

123.46

45.17

36.59

100.80

130.80

119.88

8.95

7.47

Mean

standard values
of deviation

coefficient

of

variability (%)

minimum

maximum

value

value

Mean

of
deviation

62.17

0.76

2.93

1.89

0.81

variability
(%)
42.81

Mg2+

33.42

185.94

80.56

44.21

54.88

17.89

56.36

36.88

13.65

37.01

Cl-

31.55

420.44

125.42

108.25

86.31

29.80

98.80

56.33

21.87

38.83

SO42-

87.89

1010.07

290.27

246.41

84.89

63.08

272.70

171.45

65.80

38.38

HCO3-

399.07

923.84

563.08

148.41

26.36

328.80

504.70

402.45

48.11

11.95

NO3-

8.80

45.89

24.01

14.96

62.31

0.12

25.97

7.04

9.42

133.75

Fe

0.01

1.20

0.15

0.32

214.04

0.01

0.03

0.02

0.01

40.05

Mn

0.00

0.72

0.22

0.21

94.40

0.00

0.01

0.002

0.002

85.93

pH

7.81

8.29

8.07

0.17

2.05

7.14

7.58

7.34

0.16

2.13

F-

0.08

1.84

0.43

0.49

113.95

0.35

0.90

0.62

0.21

33.87

Pb

0.30

3.30

1.93

0.62

32.12

-

1.07

0.34

0.33

97.06

As

-

1.80

0.13

0.48

369.23

-

0.260

0.024

0.079

329.17

972.00

3770.00

1664.07

785.19

47.18

842.00

1404.00

1104.91

190.79

17.27

864.84

2791.19

1373.24

582.98

42.45

515.00

883.00

681.36

129.36

18.99

Electrical
conductivity
Total
dissolved
solid

Units: Pb, As(g/L), Other ions concentration (mg/L), TDS (mg/L) , pH (standard units), EC (mS/cm) , - below the limit of detect ion.


FIGURE 5
Piper diagram showing the hydrochemical compositions of shallow groundwater
samples and deep groundwater samples.
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and deep groundwater, respectively. The variation
coefficients of Na+ and Mn2+ concentrations are the
highest in shallow groundwater and deep
groundwater, respectively.
The concentrations of major cations and
anions in shallow groundwater are generally higher
than deep groundwater, while the K+ in deep
groundwater is higher than shallow groundwater.
The lower NO3- concentration in deep groundwater
may relate to anthropogenic pollution from
agricultural and industrial activities[2].
Piper tri-linear diagram[13] has been widely
used to interpret the hydrochemical facies of a
distinct zone. Fig. 5 shows that our analyzed deep
groundwater belongs to Ca-HCO3, suggesting that
weathering of carbonate minerals was an important
factor
in
controlling
deep
groundwater
hydrochemistry[29], indicating fresh recharge the
Carbonate aquifer[30]. The hydrochemical types of
shallow groundwater samples are more complex,
changing from Ca-HCO3 WR 0J&D-HCO3,
0J1D-HCO3&O 1D&D-HCO3 1D&D-HCO3624,
1D0J-&O624
RU
0J1D-HCO3.
Higher
groundwater salinization (total dissolved solid) was
presumably related to contamination from industrial
and agricultural activities in this area. In addition,
dissolution of gypsum, weathering of carbonate
minerals, evaporation, ions exchange and some
other factors may also influence the hydrochemical
types of shallow groundwater[29].

The normalized weight of each indicator is
calculated by the formula:


  / ¦  

 

(7)

 1

where wki is the normalized weight of indicator
i,

n

¦P

is the sum of weight to all water quality

ki

i 1

indicators. The fuzzy W consists of weight of each
water

quality

indicator.

The

water

quality

assessment by fuzzy membership is based on the
matrix B,

  
(8)
The fuzzy B is the matrix of membership to
each water quality class. Water sample is classified
to the class with the maximize membership.

RESULTS AND DISCUSSION

Hydrochemical
characteristics.
The
hydrochemical
characteristics
of
shallow
groundwater and deep groundwater are shown in
Table 1. The mean values of pH, electrical
conductivity and total dissolved solid in shallow
groundwater were larger than those in deep
groundwater. The lower concentration of total
dissolved solid in deep groundwater indicates that
deep groundwater is fresher than the shallow
Factor analysis. Factor analysis (a
groundwater. The cations in shallow groundwater
multivariate statistical method) was applied to
are dominated by Na+ and Ca2+, while in deep
investigate the hydrogeochemical processes and
groundwater dominated by Ca2+. The prevailing
pollution
sources
of
the
groundwater
anions in shallow groundwater are HCO3- and
samples[20,31]. The variables selected for factor
SO42-, and in deep groundwater is HCO3-. The
analysis include K+, Na+, Ca2+, Mg2+, Cl-, SO42-,
standard deviation of electronic conductivity is the
HCO3-, NO3-, Fe, Mn, pH, electrical conductivity
highest in both shallow and deep groundwater. The
and total dissolved solid.
standard deviation of manganese and iron
concentration is the lowest in shallow groundwater
TABLE 2
Varimax rotated factor analysis of groundwater parameters (mg/L)
Parameter
K+
Na+
Ca2+
Mg2+
ClSO42HCO3NO3Fe
Mn
pH
Initial eigenvalue
Percentage of variance explained by
each other
Cumulative % of variance

shallow groundwater
Factor1
Factor2
0.247
0.043
0.911
0.107
0.196
0.792
0.170
0.924
0.906
-0.166
0.950
-0.018
0.547
-0.441
-0.142
-0.045
-0.051
0.443
0.745
0.311
0.219
-0.560
6.204
1.977

Factor3
-0.114
0.231
-0.129
0.070
-0.228
-0.054
0.792
0.817
0.587
-0.118
-0.033
1.842

deep groundwater
Factor1
Factor2
0.946
0.239
0.869
0.405
0.088
0.891
0.079
0.982
0.863
-0.410
0.793
0.555
0.931
-0.224
-0.217
0.289
0.001
0.063
0.059
0.264
0.303
-0.462
5.954
2.334

Factor3
-0.008
-0.013
-0.263
0.081
-0.157
-0.012
0.165
0.182
0.950
0.906
0.144
2.014

47.722

15.207

14.170

45.801

17.954

15.493

47.722

62.929

77.099

45.801

63.754

79.248
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The strong positive loadings of Fe, Mn in deep
groundwater are possibly correlated with
topography, reduction environment, natural mineral
weathering and water flow path[1,6,12,39,40]. In
summary, the results from factor analysis propose
that most of the variations is explained by the input
of dissolved salts (natural) and anthropogenic
pollutants[1].

The shallow groundwater samples and the deep
groundwater samples were treated separately in
factor analysis. Varimax rotation with Kaise
normalization (R-mode factor analysis) was carried
out using software SPSS 16.0. The results of factor
analysis are summarized in Table 2, Showing that
three significant factors occupy > 77% of total
variance. For shallow groundwater, the three factors
contribute 47.72%, 15.21% and 14.17%,
respectively, while, for deep groundwater, the three
factors account for 45.80%, 17.95% and 15.49%,
respectively.
Factor 1 consists of the variables total
dissolved solid, Na+, K+, SO42-, and Cl-. High
positive loadings of Na+ and K+ and negative
loadings of Ca2+ and Mg2+ indicate ion-exchange
processes in the deep groundwater. Both shallow
and deep groundwater have high positive loadings
of SO42- and Cl-. The high positive loadings of
SO42- and total dissolved solid indicate that SO4í
played a key role in groundwater salinization. High
positive loading of Clí and Mn in the shallow
groundwater, can be explained by contamination
from industrial, domestic effluents, and other
anthropogenic pollutions commonly associated with
urban development[30,32], and that in the deep
groundwater may be caused by natural process. In
shallow groundwater, SO42- might derive from the
dissolution of weathered soils, fertilizers, and other
human activities such as sulfuric salts [15,33,34].
Factor 2 consists of Ca2+, Mg2+, HCO3í and pH.
High positive loadings of Ca 2+ and Mg2+ could be
accounted by natural mineral dissolution. High
positive loadings of Ca2+ and Mg2+ in addition to
HCO3í in the deep groundwater suggest that Factor
2 probably represents the Ca-HCO3 hydrochemical
facies (Fig. 2). High positive loadings of Ca2+ and
Mg2+ in the shallow groundwater is mainly
associated with application of agricultural
chemicals (fertilizers), wastewater discharge,
sewage
disposal,
and
concrete
from
construction[35,36,37].
Factor 3 accounts for 14% and 15% of the
total variance, respectively, in the shallow
groundwater and deep groundwater. Factor 3
consists of high positive loadings of HCO3í , NO3í,
Fe and Mn, indicating mineral weathering and
natural filtration through the surrounding rocks. The
variables of HCO3íand NO3í have high positive
loadings in the shallow groundwater. Bahar and
Reza[15]reported that high levels of HCO3í in the
groundwater is attributed to soil CO 2 or the
bacterial degradation of organic contamination.
High HCO3í levels may also derive from the
dissolution of carbonate minerals[30]. NO3- has no
known lithologic source and is possibly introduced
into the groundwater by atmospheric and
agricultural activities[15,38].

FIGURE 6
Dendrogram generated from HCA of water
chemistry data.
Hierarchical cluster analysis. According to
the chemical parameter properties, the hierarchical
cluster analysis (HCA) can cluster water samples
into distinct groups. Three groups are generated
from hierarchical cluster analysis (Fig. 6). Nine
(two shallow and seven deep groundwater samples)
of water samples are classified as group I, which
consists of two subgroups. Group II including seven
shallow groundwater samples consists of two
subgroups. Group III also consists of two subgroups. Subgroup 5 includes seven shallow groundwater, while the subgroup 6 includes one shallow
groundwater and 4 deep groundwater.
Total dissolved solid concentrations in group I
are the lowest, in contrast to its highest concentrations in group II. The subgroup 1 is assessed as
class II by fuzzy membership. The subgroup 2 and
subgroup 5 are in class III, however, the subgroup 4
and subgroup 6 are classified as class I and V, the
subgroup 3 is classified as class IV, respectively.
Water quality assessment. The quality
assessment of groundwater using for irrigation.
AFFRUGLQJ WR 5LFKDUG¶V:LOFR[ GLDJUDP WKH SAR
values of groundwater samples in shallow groundwater and deep groundwater were classified as
salinity hazard and sodium hazard (Fig.7). Four
deep and three shallow groundwater samples fall in
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the category C2-S1.Seven deep groundwater and
four shallow groundwater samples fall in the
category C2-S2. Two shallow groundwater samples
fall in the C2-S3. Two shallow groundwater
samples fall in the C2-S4 with very high sodium
hazard. And the other three shallow groundwater
samples fall in the category C4-S4 with very high
salinity and sodium hazard. Based on these values,
deep groundwater can be used as irrigation water
directly[25]. The shallow ground- water with very
high salinity and sodium are required treatment to
reduce the salinity and sodium hazards before using
for irrigation.

shallow groundwater and deep groundwater suitable
for drinking was 80%, with the remaining 20%
TABLE 3
Water quality assessment by fuzzy membership
Water samples
Shallow groundwater
Deep groundwater
Total

samples
Total
Č
3

č
4

3

4

14
11
25

classified as IV and V that are unsuitable for
drinking (Table 3). Normally, shallow underground
water in Quaternary aquifer is mainly supplied by
the precipitation and surface river seepage. Since
the shallow groundwater is an open system, it is
prone to be affected by human activities. However,
when compared to the shallow groundwater, the
deep groundwater in the Carbonate aquifer is rarely
influenced by the anthropogenic activities due to its
semi-confined system. The supplements of deep
groundwater are dominated by the leakage recharge
from the overlying pore aquifer, secondly by the
precipitation. Generally, the deep groundwater can
be used as the drinking water resource. The F- and
Mn, in shallow groundwater exceed the standard
prescribed using for drinking. Thus, shallow
groundwater in selected areas should be treated to
remove and reduce the concentrations of F-, Mn and
total dissolved solid before using for drinking.



FIGURE 7
Sodium adsorption ration classification for
samples from groundwater.

CONCLUSIONS
The shallow groundwater and deep
groundwater were sampled and analyzed for
hydrochemical parameters. The major cations in
shallow groundwater are dominated by Na + and
Ca2+, while the major cations in deep groundwater
are dominated with Ca2+. The prevailing anions in
shallow groundwater are HCO3- and SO42-, and in
deep groundwater is HCO3-. The types of deep
groundwater is Ca-HCO3, whereas the type of
shallow groundwater is more complex. Factor
analysis suggests three factors accounting for water
quality parameters. The results of factor analysis
implies that most of the variations are explained by
the set of soluble salts (natural) and anthropogenic
pollutants.
The quality of deep groundwater is better than
the shallow groundwater. The quality of all of the
deep groundwater and some of the shallow
groundwater are suitable for irrigation and drinking.
Only a few of shallow groundwater samples require
treatment to reduce the salinity and sodium hazard
before irrigation, and shallow groundwater can be
used for drinking after removing and reducing the
concentrations of F-, Mn and total dissolved solid.

The quality assessment of groundwater
using for drinking. The fuzzy comprehensive
evaluation method has been used to assess the water
quality of water samples of shallow groundwater
and deep groundwater according to the China
National standards (Table 3). The evaluation
parameters are Cl-, SO42-, total dissolved solid, As,
F, Fe, Mn and Pb. According to the water quality
standards for groundwater (GB/T 14848-93) set by
the Ministry of Environmental Protection of the
People's Republic of China, the shallow
groundwater and deep groundwater samples were
classified into five classes, class ĉ(good), classĊ
(fine), class ċ (ordinary), class Č (poor), class č
(bad).
The water samples within class IV and V
contributed 12.0% and 16.0% of groundwater,
respectively. The contributions of class I, III, IV
and V are 7.1%, 42.9%, 21.4% and 28.6% of
shallow groundwater, respectively. And the
contributions of class I, II, and III are 36.4%, 45.5%
and 18.1% of deep groundwater, respectively.
The quality of deep groundwater is better than
the shallow groundwater. The percentage of
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grasslands and are used in urban greening projects,
as seedling substrates, for soil rehabilitation in very
disturbed areas, and in reconstruction projects.
Studies by Zhu and Zhu et al. have shown that
wetland sediments improve not only soil fertility
but also soil properties [4-6]. In addition, Cripps
and Ozores-Hampton et al. found that adding an
appropriate amount of sediment to soils can
improve crop yields [7-9]. Gao et al. demonstrated
that the application of sediments to soils can
significantly improve soil organic matter and
nitrogen contents [10]. Zhu et al. created a
compound organic and inorganic fertilizer by
mixing sediments dredged from West Lake with
chemical fertilizer at a ratio of 2:8 and applied it to
vegetables, which resulted in yields that were
slightly higher than or comparable to the yields of
vegetables grown using imported compound
fertilizers [11]. In addition, the organic and
inorganic compound fertilizer was less expensive
than other fertilizers, and the resulting nitrate
contents in the vegetables were lower than when
other fertilizers were used.
Because the amounts of pollutants in wetlands
have increased in recent years, water bodies and
sediments have become polluted. Sediment is an
important component of wetland ecosystems and
serves as an important reservoir of nutritive salts.
However, sediments are also the main source of
endogenous pollution [12,13]. Presently, the main
problems resulting from the use of wetland
sediments are that the sediments often contain
heavy metals, excess nitrogen and phosphorus,
organic pollutants, pathogenic microorganisms,
salts, and other substances [14-16]. Among these
components, the problem of heavy metal pollution
is particularly prominent because heavy metals in
the water cannot be degraded and, consequently,
accumulate in the sediment [17-24].
Pb is easily absorbed and accumulated by
organisms, and Cu is highly toxic to plants.
Excessive concentrations of Pb and Cu are very
dangerous for plants and humans. Several studies
have focused on heavy metals in wetland

ABSTRACT
Although sediment is an essential component
of wetland ecosystems, few studies have
investigated the use of wetland sediments for
agriculture. To explore how the application of
wetland sediments to agricultural soils affects soil
Pb and Cu speciation, sediments from the
Baiyangdian Lake are considered in this study.
Changes in the speciation of Pb and Cu in soils
planted with winter wheat before and after the
application of wetland sediments were determined
in addition to the concentrations of Pb and Cu in the
different organs of winter wheat. As the sediment
application rate increased, the amounts of
exchangeable Pb and Cu, Pb and Cu bound to
carbonates, iron and manganese oxides, and organic
matter, and the residual Pb and Cu contents in the
soil increased. The accumulation of Pb and Cu in
the plant organs decreased as follows: root > stem
and leaf > grain. However, the concentrations of Pb
and Cu in the wheat grains did not exceed the
Chinese standard limits. The winter wheat yield and
above-ground biomass increased before decreasing.
With increasing sediment application, the amount
of Pb taken up by the winter wheat from the soil
generally increased, and the amount of Cu taken up
by the winter wheat generally increased and then
decreased. This research has important practical
implications for the effective utilization of lake and
wetland sediments.
KEYWORDS:
land use of wetland sediments; lead fractionation; copper
fractionation; winter wheat

INTRODUCTION
Wetlands are known as ³WKH HDUWK¶V kidneys´
because of their importance to ecosystems [1-3].
Wetland sediments are often applied to farmland,
vegetable plots, orchards, woodlands, and
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kg/hm2 and with a spacing of 20 cm. During the
growth period, the wheat was managed according to
local field management measures. The plots were
irrigated once during the regeneration, jointing,
booting, and filling stages without the addition of
other fertilizers, and the wheat was harvested on
June 5, 2014.

ecosystems. However, few studies have been
conducted of heavy metals in soils amended with
wetland sediments, and even fewer studies have
been conducted regarding the effects of different
application rates of wetland sediments containing
heavy metals on plant growth. However, some
studies have considered the use of sediments as a
soil substitute for the tillage layer in reclaimed
agricultural land and investigated the resulting
heavy metal pollution [25,26].
The Baiyangdian Lake is the largest
freshwater wetland in North China and is located
between 38ƍ-ƍ N and 115°38-ƍ E.
With the recent population surge in the areas around
Baiyangdian Lake, rapid industrial and agricultural
development, and the influences of natural factors
and other anthropogenic activities, Baiyangdian
Lake has received large amounts of domestic
sewage, industrial wastewater and non-point
pollution from agricultural runoff, which have
seriously degraded the ecological functions of the
Baiyangdian Lake [27].
In this study, sediments from the Baiyangdian
Lake were applied to fields planted in winter wheat
to study the effects of adding wetland sediments to
soils on the speciation of soil Pb and Cu. The
results of this study provide a reliable scientific
basis for the reasonable and effective use of lake
and wetland sediments.

TABLE 1
Basic properties of the tested soil and lake
wetland sediments
Item
pH
Organic matter (g/kg)
Available N (mg/kg)
Available P (mg/kg)
Available K (mg/kg)
Exchangeable Cu (mg/kg)
Cu bound to carbonates
(mg/kg)
Cu bound to iron-manganese
oxide (mg/kg)
Cu bound to organic matter
(mg/kg)
Residual Cu (mg/kg)
Total Cu content (mg/kg)
Exchangeable Pb (mg/kg)
Pb bound to carbonates
(mg/kg)
Pb bound to iron-manganese
oxide (mg/kg)
Pb bound to organic matter
(mg/kg)
Residual Pb (mg/kg)
Total Pb content (mg/kg)

Soil
8.53
15.43
46.20
18.26
186.25
0.04
0.11

Sediment
7.70
39.37
106.60
49.72
212.50
1.08
1.18

1.22

3.83

1.41

4.79

37.37
40.15
0.02
0.04

38.95
49.83
0.15
0.28

0.39

2.37

1.22

5.78

4.61
6.28

27.39
35.98

MATERIALS AND METHODS
Measured Variables. The fractions of Pb and
Cu (including the exchangeable, carbonate-bound,
iron and manganese oxide-bound, organic
matter-bound and residual fractions) in the soil
were measured before planting winter wheat, and
the fractions of Pb and Cu in the sediments and
surface soil were measured after winter wheat was
planted. In addition, the Pb and Cu contents in the
wheat roots, stems and leaves, and grain were
determined in addition to the wheat grain yield and
above-ground biomass.

Experiment Materials. Cinnamon soil
obtained from a specimen park at Hebei
Agricultural University, Baoding City, Hebei
Province, was used in this study. The wetland
sediments used in the experiment were obtained
from the Baiyangdian Lake in Anxin County, Hebei
Province, and sun cured and air dried. Winter wheat,
Hebei Agricultural University Variety 822, was
used as the test crop. The basic properties of the
tested soil and wetland sediments are shown in
Table 1. As shown in Table 1, the test soil had
medium fertility. In the tested soil and sediments,
the exchangeable Pb and Cu fractions were the
lowest, the Pb and Cu bound to carbonates were the
next lowest, and the residual Pb and Cu fractions
were the highest.

Measurement Methods. Soil pH was
measured using the DETA-320 acidity meter
method. The organic matter content was determined
using the potassium dichromate method. The
available N content was measured using the alkali
solution diffusion method, and the available P was
extracted by 0.5 mol/L NaHCO3 using the Mo-Sb
colorimetric method. Available K was extracted by
NH4OAc using the flame photometric method [28].
The concentrations of various forms of Pb and Cu
were determined using the modified Tessler
sequential extraction method [29,30]. The total Pb
and Cu contents were measured using atomic
absorption
spectrophotometry
(AAS)
and
HCl-HNO3-HClO4 digestion. The plant Pb and Cu
contents were measured using AAS and

Field Plot Design. In this experiment,
air-dried sediments were applied to seven plots at
rates of 0, 150, 300, 600, 1200, 2400, and 4800
t/hm2 (referred to as D0, D1, D2, D3, D4, D5, and
D6, respectively). Each treatment was conducted in
triplicate, and each plot consisted of a 2-m by 2-m
square surrounded by linoleum and plastic cloth
buried to a depth of 1 m. The plots were configured
using a randomized design. Winter wheat seeds
were sown on October 8, 2013, at a rate of 225
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easily enter the food chain and threaten human
health. In addition, the concentrations of Pb and Cu
bound to organic matter and iron-manganese oxides
were higher than the exchangeable Pb and Cu
concentrations because the soil contains more
organic matter and iron-manganese oxides. Under
certain conditions, metals bound to carbonates, iron
and manganese oxides, and organic matter can
become exchangeable and absorbed by plants,
which is a threat to human health.

HNO3-HClO4 digestion [28].
Statistical Analysis. SAS 9.2 (SAS; Shanghai,
China) was used for data analysis. 'XQFDQ¶V QHZ
multiple-range method was used to determine if
differences in the data were significant, with a
significance level of P < 0.05.

RESULTS AND DISCUSSION
Effects of Amending Agricultural Soil with
Wetland Sediments on Soil Pb and Cu
Speciation. After applying wetland sediments, the
concentrations of Pb in the different investigated
fractions were determined as shown in Fig. 1. After
wheat was planted, the concentrations of Pb in the
different investigated fractions in the surface soil
increased as the rate of sediment application
increased. In all treatments, the following
concentrations of Pb were observed: 0.02-0.10
mg/kg exchangeable Pb; 0.04-0.24 mg/kg Pb bound
to carbonates; 0.41-1.88 mg/kg Pb bound to iron
and manganese oxides; 1.23-4.92 mg/kg Pb bound
to organic matter; and 4.82-23.66 mg/kg residual Pb.
Fig. 2 shows the effects of applying different
amounts of sediment on the concentrations of Cu in
the different fractions. The concentrations of Cu in
the different fractions in the surface soil increased
with increasing sediment application after the wheat
was planted. However, the Pb and Cu
concentrations in the soils did not correspond with
the Pb and Cu concentrations in the residual soil
and applied sediments. In all treatments, the
following concentrations of Cu were observed:
0.04-0.12 mg/kg exchangeable Cu; 0.11-0.51 mg/kg
Cu bound to carbonates; 1.22-1.77 mg/kg Cu bound
to iron-manganese oxides; 1.41-2.29 mg/kg Cu
bound to organic matter; and 37.37-40.99 mg/kg
residual Cu. In all treatments, the residual Pb and
Cu concentrations were the highest. In a study of
the availability of Cu and Zn in sludge, Wang et al.
found that residual Cu and Zn concentrations were
higher than the other Cu and Zn fractions [31]. This
finding primarily resulted from the fixation and
adsorption of Pb and Cu by soil clay minerals. The
residual fraction of heavy metals includes the heavy
metals in crystal lattices, such as silicates and
primary and secondary minerals, and generally
results from natural geological weathering. Thus,
these metals are not easily absorbed and used by
plants. Therefore, the residual heavy metal fraction
is considered as having a relatively low risk in the
environment. However, when these metals
encounter acids, microorganisms, or a chelating
agent, they can enter the environment and threaten
the ecosystem [32, 33]. The concentrations of
exchangeable Pb and Cu were the lowest, mainly
because the exchangeable fraction is easily taken up
by plants. Thus, the exchangeable fraction can

FIGURE 1
Effects of different sediment application rates on
soil Pb speciation

FIGURE 2
Effects of different sediment application rates on
soil Cu speciation
The Adsorption of Pb and Cu by Winter
Wheat and their Concentrations in the Different
Organs of Wheat. Fig. 3 shows the Pb contents in
the organs of winter wheat. The concentrations of
Pb in winter wheat decreased as follows: > stem
and leaf > grain. In addition, the Pb contents in the
roots, stems and leaves, and grains of winter wheat
increased as the sediment application rate increased.
In the Pb treatments, the concentrations of Pb in the
roots were 0.45-1.83 mg/kg, which accounted for
5.92%-6.90% of the total soil Pb. The amounts of
Pb absorbed by the stems and leaves were 0.10-0.33
mg/kg, and the amounts of Pb absorbed by the grain
were 0.04-0.13 mg/kg, which was lower than
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&KLQD¶V*UDLQ+\JLHQLF6WDQGDUGRI 0.2 mg/kg (Pb
 0.2 mg/kg, GB2715-2005). Fig. 4 shows the Cu
contents in the winter wheat. The concentrations of
Cu in the winter wheat decreased as follows: > stem
and leaf > grain. In addition, the concentrations of
Cu in the wheat increased as the sediment
application rate increased. However, the Cu
concentration did not obviously increase in the
wheat grains. In the control and the D1, D2, D3, D4,
D5, and D6 treatments, the concentrations of Cu in
the roots, stems and leaves, and grains were 18.84,
11.53 and 6.22 mg/kg; 20.74, 12.63 and 6.9 mg/kg;
21.75, 13.59 and 7.52 mg/kg; 22.63, 14.54 and 8.08
mg/kg; 24.73, 15.12 and 8.27 mg/kg; 25;25.91,
15.88 and 8.65 mg/kg; and 26.25, 16.25 and 9.23
mg/kg, respectively. The highest Cu concentration
in the wheat grain was 9.23 mg/kg, which does not
exceed the Chinese standard limit for Cu in food or
the limit for Cu in grain (including cereal, bean and
potato) and processed food (Cu  10 mg/kg,
GB15199-94, NY861- 6DUNDU¶VVWXG\VKRZHG
that soil plays a very strong role in fixing Pb
because it is very difficult for Pb to maintain
horizontal and vertical mobility in soil [34].
Because Pb has lower mobility than Cu, more Pb
remains in the soil. Therefore, in each organ of
winter wheat, the concentrations of Pb were lower
than the concentrations of Cu.

25.45%, 40.60%, 89.60%, 88.76%, 135.73%, and
122.78%; and the above-ground biomass increased
by 24.29%, 34.34%, 73.77%, 86.33%, 132.63%,
and 117.10%, respectively. The highest wheat
yields and biomass were observed in Treatment D5,
which received 2400 t/hm2 of added sediments. Fu
et al. found that the wheat biomass increased as the
concentrations of nutrients (such as N, P, and K)
and heavy metals in added sediments increased
simultaneously [35]. The concentrations of Pb in
the wheat grains, stems and leaves, and
above-ground plant parts that were absorbed from
the soil generally increased, and the Cu content
absorbed from the soil generally increased and then
decreased. However, the Pb and Cu concentrations
were both much smaller than the total
concentrations of Pb and Cu that entered the soil
from sediments, which indicated that increasing the
sediment application rate drastically increased the
Pb concentration, which is not an essential element
for wheat; however, the concentration of Cu, which
is an essential element for wheat, changed slightly
[36]. Thus, in the different organs of winter wheat,
the Pb absorption rates varied to a greater extent
than the Cu absorption rates.

FIGURE 4
Concentrations of Cu in winter wheat organs

CONCLUSION

FIGURE 3
Concentrations of Pb in winter wheat organs

As the sediment application rate increased, the
fractions of Pb and Cu (the exchangeable,
carbonate-bound, iron and manganese oxide- bound,
organic matter-bound, and residual fractions) in the
soils after wheat harvest increased. The residual Pb
and Cu concentrations were the highest and the
exchangeable Pb and Cu concentrations were the
lowest.
As the sediment application rate increased, the
Pb and Cu concentrations in the roots, stems and
leaves, and grains increased. The Pb and Cu
concentrations in the plant decreased as follows: >
stem and leaf > grain.

Effects of Amending Soils with Wetland
Sediments on Winter Wheat Grain Yield,
Biomass, and Pb and Cu Adsorption. After
winter wheat was harvested, the wheat yields and
biomass were measured for the different treatments,
as shown in Table 2. As the amount of sediment
applied increased, the grain yield, stem and leaf
biomass, and above-ground biomass of winter
wheat all increased and then decreased. Compared
with the control treatment, the grain yield increased
by 23.03%, 27.58%, 56.66%, 82.62%, 129.29% and
110.96%; the stem and leaf biomass increased by
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TABLE 2
Effects of applying different amounts of sediment on the grain yield, biomass, and absorption of
Pb and Cu by winter wheat
Treatments

D0
D1
D2
D3
D4
D5
D6

Grain yield and biomass (kg/hm2)
Grain

Stem

5251.45e
6460.81d
6699.70d
8227.03c
9589.95b
12041.06a
11078.50a

5673.86d
7118.09cd
7977.61c
10757.91b
10766.93b
13374.78a
12640.33a

Leaf
above-ground
part
10925.31c
13578.90c
14677.31c
18984.94b
20356.88b
25415.84a
23718.83a

Soil Pb absorbed by winter wheat
(kg/hm2)
Grain
Stem
Leaf
above-ground
part
0.23e
0.57e
0.80f
0.30de
0.76de
1.06ef
0.41d
1.14d
1.55e
0.61c
1.89c
2.51d
0.93b
2.48b
3.41c
1.39a
3.71a
5.10b
1.50a
4.16a
5.66a

Soil Cu absorbed by winter wheat
(kg/hm2)
Grain
Stem
Leaf
above-ground
part
32.66e
65.42d
98.08d
44.84d
89.97cd
134.81c
50.38d
108.42c
158.80c
66.47c
156.53b
223.00b
79.31b
162.80b
242.11b
104.16a
212.53a
316.69a
102.25a
205.41a
307.66a

Note: Different lowercase letters indicate significant differences at the P=0.05 level.
The Pb and Cu concentrations in the grains were
0.04-0.13 mg/kg and 6.22-923 mg/kg, respectively,
and did not exceed CKLQD¶V VWDQGDUGs for grain.
Therefore, when the sediment application rate was
4800 t/hm2 or lower, the Pb and Cu concentrations
in winter wheat were relatively safe for
consumption and did not exceed the corresponding
heavy metal standards (0.2 mg/kg for Pb and 10
mg/kg for Cu).
Because the sediments contained N, P and K,
the wheat grain yield, stem and leaf biomass, and
above-ground biomass all increased after sediment
application. In addition, the wheat grain yield, stem
and leaf biomass, and above-ground biomass
increased and then decreased as the amount of
sediment application increased, reaching maximum
values in Treatment D5 (application of 2400 t/hm2).
The amounts of Pb absorbed by the winter wheat
organs increased as the sediment application rate
increased. However, the amount of Cu absorbed by
the winter wheat organs increased and then
decreased with increasing sediment application,
reaching the maximum concentration when the
sediment application rate was 2400 t/hm2. The
concentrations of soil Pb and Cu absorbed by the
winter wheat organs were much lower than the total
Pb and Cu concentrations that were added to the
soil from the sediment.
The application of sediments to agricultural
land is becoming increasingly widespread. However,
heavy metal pollution in wetland sediments is an
issue that should not be overlooked. This study
explored the effects of the application of sediments
to agricultural land on soil Pb and Cu speciation
and the concentrations of Pb and Cu in wheat
organs. We hope that this study will provide an
experimental basis for rationalizing the application
of wetland sediments to agricultural land.

Shutao Wang and Yapeng Zhou contributed
equally to this work.
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in rural areas all over the world where groundwater
is the main drinking water source [6]. Arsenic may
cause many serious diseases like reproductive,
neurological, cardiovascular, respiratory, hepatic,
haematological, and diabetic effects in humans.
Chronic exposure due to arsenic contaminated
drinking water includes dermal lesions, peripheral
neuropathy, skin cancer, and peripheral vascular
disease. Major dermatological signs are nelanokeratosis, melanosis, spotted and diffuse keratosis,
leucomelanosis, and dorsal keratosis [7].
High levels of lead contamination causes severe health effects [8,9]. Some lead compounds are
colorful and are used widely in paints which are
main route of lead exposure []. Deteriorating lead
paint and lead-containing household dust are the
major causes of chronic lead poisoning [11]. Residual lead in soil contributes to lead exposure in urban
areas [12].
Organic lead compounds, which cross the skin
and respiratory tract, affect the central nervous system [13]. Abdominal pain, nausea, vomiting, diarrhea, and constipation are acute symptoms of lead
poisoning. Damage to kidneys can cause changes in
urination such as decreased urine output [14]. Children are more at risk for lead poisoning because their
smaller bodies are in a continuous state of growth
and development and lead is absorbed at a faster rate
compared to adults, which causes more physical
harm than to older people [15]. Furthermore,
children, especially as they are learning to crawl and
walk, are constantly on the floor and therefore more
prone to ingesting and inhaling dust that is
contaminated with lead [16].
Various methods have been adopted to remove
arsenic from water; e.g. co-precipitation, reverse
osmosis, nanofiltration, electrodialysis, adsorption,
ion exchange, passive sedimentation, solar oxidation
[17-25]. Since the last few years, hydroponic
technique has been introduced to remove arsenic
from water [26]. Pteris vittata (brake fern) was
discovered, a plant which has ability to accumulate
arsenic in a large quantity without damaging its own
tissues [27]. Algae and other aquatic plants have also
been used for the purification of water [28,29]. Some
other attempts have also been reported in literature

ABSTRACT
Epipremnum aureum (L.) Engl. plant has been
used for the removal of arsenic and lead from water.
Equally sized plants have been grown in the
solutions of arsenic and lead separately with different concentrations. Removal of the contaminants has
been checked by analyzing samples of water after
fixed time intervals. Plots of concentration of
pollutants versus time have been drawn to investigate the purification time up to safe limit. The
sustainability of plants in different concentrations of
pollutants has also been noted. Accumulation of
arsenic in different parts of plant (stem, root and
leaves) has been determined by digesting the parts
separately and estimating the amounts of pollutant in
the extracts of plant. In the light of experimental
results, a prototype plant has been suggested for the
purification of drinking water which can not only be
used to remove the dissolved ionic contaminants but
also the turbidity and microbes from water. Rate of
flow of water has been adjusted in the light of
retention time necessary for purification.

KEYWORDS:
Arsenic, hydroponic, purification, water contaminants

INTRODUCTION
Arsenic contamination in drinking water has
been considered a serious issue for the last twenty
years [1]. Presence of arsenic in drinking water is
very much alarming especially in Asian countries
like Bangladesh, India and China [2]. Arsenic is
present as arsenate (As V) and arsenite (As III) both
are strongly toxic to life [3]. Population is exposed
to inorganic and organic arsenic through air,
drinking water, food and beverage. Inorganic forms
of arsenic are much more fatal than organic forms
[4,5]. Industrial development and urbanization have
resulted in the discharge of various lethal chemicals
in natural surface bodies. Presence of deadly pollutants in the water affects the tolerable fitness of
conventional water. The arsenic problem is diverse
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350 ml of H2O2 (100%). After shaking the mixture,
concentrated H2SO4 (420 ml) was added by keeping
it in ice bath and stored it at 2°C [34].

as phytoextraction phenomenon to accumulate metal
in different parts of the plants [30]. In the
continuation of our previous work [31-32] for the
removal of arsenic from drinking water, we have
attempted to introduce Epipremnum aureum grown
in many houses as indoor plant in vases and jars, to
remove arsenic and lead from water.

Experimentation. Two set of experiments
were conducted in the Laboratory of Institute of
Chemical Sciences Bahauddin Zakariya University
Multan, Pakistan for the removal of arsenic and lead
from the water samples by growing Epipremnum
aureum (L.) Engl. plants. In 1st set of experiment,
plants were grown in jars having solutions of
different concentrations of arsenic (0.01M, 0.006M,
0.003M and 0.001M) while in 2nd set of experiment,
solutions of different concentrations of lead
(0.013M, 0.01M, 0.006M, 0.005M and 0.003M)
were used.

MATERIALS AND METHODS
All chemicals were purchased from Merck and
were of analytical grade. Deionized water was used
for analysis.
Preparation of Potassium Permanganate
Solution. Potassium Permanganate (KMnO4) solution (0.013M) was prepared by dissolving KMnO4
(2gL-1) in deionized water. The solution was heated
till boiling and kept it hot for one hour. The solution
was covered and let it stand overnight. The solution
was then filtered with the help of glass wool. Filtrate
was stored in clean brown glass bottle. To avoid light
effect, the solution was kept in dark when not in use.

First Set of Experiment. Forty plants of equal
size of Epipremnum aureum were selected for
experimentation and grown in glass jars. The plants
were inserted into the jars by piercing a hole in the
lids of jars. All the plants were kept under the same
conditions for fifteen days until the roots were
established and plants started to grow normally in all
the jars. Four treatments of arsenic (0.01M, 0.006M,
0.003M and 0.001M) were used with 10 replicates of
each treatment. Water from each jar was removed by
sucking it with the help of pipette and equal amount
of arsenic solution of appropriate concentration was
added to each jar immediately. Initial time was
noted. Samples were taken from each jar after every
six hours and the amount of arsenic in the solution
was determined by titrating with KMnO4 solution.

Standardization of Permanganate Solution.
KMnO4 solution was standardized [33] by titrating
against known concentration of arsenic trioxide
solution. Different concentrations of arsenic trioxide
solution (0.001M, 0.003M, 0.006M and 0.01M)
were prepared by dissolving As2O3 in NaOH (3M,
15 ml) and then neutralizing it with HCl. 1-2 drops
of potassium iodate solution (0.002M) were added to
arsenic solution before titration. KMnO4 was added
till the first permanent pink color.

Determination of Arsenic after Fixed Time
Intervals. Amount of arsenic was determined by
taking 10 ml sample of water from each jar and titrated against KMnO4 after adding 1-2 drops of
potassium iodate solution (0.002M). The end point
was pink color. Concentration of arsenic in each jar
was calculated at zero time. After six hours the same
procedure was adopted to determine the
concentration of arsenic. Determination of
concentration of arsenic was carried on up till 48
hours by taking 10 ml sample of water from fresh jar
after every six hours.

Preparation of EDTA and Ammonium
Chloride Solutions. The concentration of lead in the
solution was estimated by common laboratory
method. Disodium EDTA (3.722g) was dissolved in
deionized water for preparing 0.01M EDTA solution
(1L). Ammonium chloride (7g) was dissolved in
ammonia (5.7 mL) and diluted with deionized water
(1 L).
Standardization of Lead Solution. Lead solutions (0.013M, 0.01M, 0.006M, 0.005M and
0.003M) were prepared by dissolving its measured
quantity in deionized water (20 mL) and these solutions were taken in different 100 mL flasks. A spatula end of tartaric acid was added to each flask.
Buffer of pH 10 (5 mL) was added to solution and
diluted to 100 mL. To remove turbidity more tartaric
acid was added. Small amount of Eriochrome black
T was added. The solution was titrated against
EDTA solution (0.01M) until the color changed
from violet to clear blue.

Second Set of Experiment. Fifty plants of
equal size of Epipremnum aureum were selected for
experimentation and grown in glass jars. The plants
were inserted into the jars by piercing a hole in the
lids of jars. All the plants were kept under the same
condition for fifteen days until the roots were established and plants started to grow normally in all the
jars. Five treatments of lead (0.013M, 0.01M,
0.006M, 0.005M and 0.003M) were used with 10
replicates of each treatment. Water from each jar was
removed by sucking it with the help of pipette and
equal amount of lead solution of appropriate
concentration was added to each jar immediately.

Recipe of Digestion Mixture. Selenium metal
(0.42 g) and LiSO4.2H2O (14 g) were mixed with

2559

Volume 26 ± No. 4/2017 pages 2558-2565

© by PSP

Initial time was noted. Samples were taken from
each jar after every eight hours and the amount of
lead in the solution was determined by titrating with
EDTA solution. The analysis of lead solution
continued up till 48 hours. The plant of every jar was
kept in the lead solution for further 24 hours.
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Analysis of Plant Samples after 48 Hours.
The plants from the 1st set of experiments were removed from jars after 48 hours and washed the roots
of the plants with deionized water. The roots, stems
and leaves of every plant were separated and dried in
oven at 80 °C for 48 hours. Samples were ground
thoroughly and 100 mg of each were taken in a flask.
Digestion mixture (2 ml) was added to every flask
and kept overnight. The sample was heated next day
at 60-70 °C for 1 hour to remove H2O2. Then it was
heated at 200-250 °C for 3 hours. Perchloric acid
(0.5 ml) was added to each sample to decolorize it.
Diluted the digested mixture up to 25 ml and rinsed
the flask thoroughly. The digested samples were
used to determine the amount of arsenic in each part
of the plant by using standard protocols as mentioned
above.

Determination of Lead from the Solution.
Amount of lead was determined by taking 10 mL
sample of water from each jar. A spatula end of tartaric acid was added in flask. 5 mL of buffer pH 10
was added and diluted to about 100 mL. To remove
turbidity more tartaric acid was added. Small amount
of Eriochrome black T was added and titrated against
EDTA until the color changed from violet to clear
blue. Concentration of lead in each jar was
calculated at zero time. After eight hours the same
procedure was adopted to determine the
concentration of lead. Determination of concentration of lead was carried on up till 48 hours by taking
10 mL sample of water from fresh jar.
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FIGURE 1
Change in concentration of arsenic with time when Epipremnum aureum plant was grown in different
Arsenic concentrations in hydroponic cultures for 48 hours
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FIGURE 2
Change in concentration of lead with time when Epipremnum aureum plant was grown in different lead
concentrations in hydroponic cultures for 48 hours
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TABLE 1
Mean squares from analyses of variance of data for arsenic in the culture solutions after 48 hours when
Epipremnum aureum plant was grown in different arsenic concentrations in hydroponic cultures
Source
Time
Replicates
Error

df
8
9
72

As (10000μM)
62326188.0***
12000.5ns
10892.7

As (6000μM)
20929520.0***
4225.2ns
8527.4

As (3000μM)
7146533.5***
4689.7ns
4218.8

As (1000μM)
1072000.0***
4.9ns
4.8

= Significant at 0.001 level.
ns = Non-significant.
TABLE 2
Arsenic uptake by plant
Initial Concentration of
Arsenic in Solution

Final Concentration of
Arsenic in Solution

Uptake of Arsenic
by Plants

1

10,000μM

3,000μM

7,000μM

2

6,000μM

1,500μM

4,500μM

3

3,000μM

560μM

2,440μM

4

1,000μM

140μM

860μM

S#

Uptake in Different Parts of
Plant (mg/g)
Root
19.8
Stem
27.7
Leaves
19.8
Root
12.4
Stem
16.6
Leaves
12.4
Root
7.2
Stem
8.9
Leaves
5.4
Root
2.0
Stem
4.1
Leaves
2.0

TABLE 3
Mean squares from analyses of variance of data for lead in the culture solutions after 48 hours when
Epipremnum aureum plant was grown in different arsenic concentrations in hydroponic cultures
Source
Time
Replicates
Error

df
6
9
54

Pb (13000μM)
73763998***
20456ns
18497

Pb (10000μM)
40983517***
34416ns
24953

Pb (6000μM)
35916011***
15654ns
24729

Pb (5000μM)
24144001***
11120ns
6144

Pb (3000μM)
9604254***
7495ns
6035

= Significant at 0.001 level.
ns = Non-significant.

very low. One plant from each batch was kept intact
for another twenty four hours. The highest
concentration of arsenic solution (10000μM) and
lead solution (13000μM) damaged the plants
severely and plant leaves were turned yellow due to
accumulation of high amount of arsenic and lead in
the leaves. It was also observed that the damaging
effect of both metals on plants decreased with the
decrease of metal concentrations of the both
experiments in the hydroponic cultures. This showed
that the plants grown in low concentration of arsenic
and lead sustained longer time. When the affected
plants with low concentration of arsenic and lead
solutions were kept in fresh water, they regained
their health after few days.
After 48 hours plants from each jar were
removed and washed with deionized water and
amount of arsenic in different plant parts were
estimated. The results showed that arsenic was
accumulated more in stem tissue as compared to
roots and leaves tissue (Table 2).

RESULTS AND DISCUSSION
The plants were grown in different
concentrations of arsenic and lead for 48 hours in
separate experiments and concentration of both
metals were estimated after fixed interval of times to
observe the uptake of metals by the plants. Results
showed that concentration of both metals in the
solutions decreased with the passage of time (Fig. 1
and 2). Analysis of variance of data for both
experiment showed that concentration of metals in
hydroponic
culture
decreased
significantly
3 DWHDFKLQWHUYDORIWLme (Table 1 and 3).
Relationship between initial concentration of arsenic
and lead, their percent decrease during 48 hours is
shown in Figure 3. Plot of percentage decrease of
arsenic and lead with time for different
concentrations showed that the decrease was more
prominent in low concentrated solutions (Fig 3).
This shows that the hydroponic technique can be
adopted for the removal of arsenic and lead from
drinking water in which the contaminants quantity is
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In the light of results for the removal of arsenic
and lead by Epipremnum aureum, a prototype plant
has been designed for the purification of drinking
water (Fig 4). The purification plant consists of three
chambers. In first chamber, Epipremnum aureum
plants have been embedded in water tank. Water is
retained for 48 hours in this chamber. Mechanical
stirrer is fixed at the bottom of this chamber. The
water is then transferred to next chamber in which
granular charcoal is present which decolorizes water
and removes undissolved impurities. Mechanical
stirrer is suspended in the chamber for smooth
mixing of water with charcoal. In the third chamber,
silver coated sand is added to remove microbes from
water. Retention time in second and third chambers
is one hour each.

Fresenius Environmental Bulletin

CONCLUSIONS
The hydroponic technique in general and
Epipremnum aureum in particular can be used be for
the removal of arsenic and lead from drinking water.
Used plants can be reclaimed if they are kept in fresh
water for a week. The proposed plant consisting of
additional charcoal and silver coated sand chambers
can be a good plant for purification of drinking
water. The same plant can also be used for the
removal of other ionic contaminants present in
water.

Percent decrease in Arsenic in culture solutions
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FIGURE 3
Percent decrease of arsenic and lead in the culture solutions after 48 hours when Epipremnum aureum
plant was grown in different arsenic and lead concentrations in hydroponic cultures
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FIGURE 4
Prototype plant for purification of water.
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ABSTRACT

INTRODUCTION

Utilization of compost as substitutes of
mineral fertilizers is a current agricultural practice
which environmental vantages have been largely
demonstrated. In previous studies it was
demonstrated that upgraded substances could be
obtained by alkaline hydrolysis of composts. These
substances consisting in a soluble and an insoluble
fraction exhibited good performance as organic
fertilizers. The fertilizing effect of these substances
has been assessed on horticultural species, grown in
pot and greenhouse cultivations. This study reports
the application of two composts (a green compost
and a mixed compost) and their soluble and
insoluble hydrolyzates in a field cultivation of
maize. Each material was applied on three random
plots and the results, expressed as soil properties,
height and weights of the plants and weight of the
ears and kernels, were compared with those
obtained on non amended plots and mineral
fertilized plots. The best results were obtained in
the plots fertilized with the mineral fertilizer, the
mixed compost and the soluble hydrolyzates of the
composts. The minor performance of the green
compost was likely due to its relatively low
nitrogen content. The insoluble hydrolyzates,
although allowing a significantly minor plant
growth, gave the same results in term of dry weight
of kernel per plant than the mineral fertilized
control. Therefore, their application in maize
cultivation can be recommended with an
economical vantage since they are by-products of
the preparation of the soluble fractions which can
find alternative industrial applications such as
biosurfactants.

The general concern about the recycling of
wastes biomasses such as sludges, food wastes, and
plant pruning residues, and the European
restrictions to the landfill disposal of these wastes,
have led to the development of composting plants
providing high quality materials as valid alternative
to the mineral fertilizers. In previous studies, we
had demonstrated that alkaline hydrolysis of
composts produced a soluble fractions (SOL)
exhibiting good performance as fertilizers in pot
and greenhouse cultivations, at much lower
concentration than the sourcing material. Promising
results were given by the soluble substances
obtained from composts in terms of plant
productivity and chlorophyll production in
greenhouse experiments conducted on tomato and
red pepper [1,2]. The same soluble substances were
also tested, with good results in field cultivation of
maize [3]. They have also promoted the growth of
several horticultural and floricultural species when
used as substitute of peat in a commercial substrate
[4]. The same process of alkaline hydrolysis applied
to not transformed vegetal residues produced
soluble substances behaving as effective fertilizers
when added at low dose in hydroponic cultures of
maize [5] and in pot cultivation of bean [6] and
radish [7]. Inside investigation of the increased
productivity of bean concluded that the soluble
substances improved strongly the plant nitrogen
assimilation. The insoluble residue (INS) produced
as by-product of the alkaline treatment of biowastes
was tentatively assayed as fertilizer in pot
cultivation of horticultural and floricultural species
[4, 6, 7]. Although less effective than the soluble
fractions, the insoluble fractions deriving from
composts and vegetal residues allowed a growth of
the plants similar or higher than that obtained with a
commercial substrate.
The Italian request of maize, mainly for
animal feed, is at more than 85 % guarantied by the
national production [8]. Since maize is one of the
most demanding crops in terms of nitrogen

KEYWORDS
Compost, compost hydrolyzates, organic fertilization,
maize yield.
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three weeks after sewing, when the plants were
about 20 cm high. This is the time at which a
second mineral fertilization should be performed,
according to the conventional practice of the farm.
The application rate of the organic material was 7
Kg dry matter/plot. Three control plots were left
untreated and three were fertilized in the same
conditions as above.

fertilization, conventional agriculture involves large
amounts of inorganic fertilizers with obvious
environmental
drawbacks.
Moreover,
the
substitution of the traditional organic amendments
such as animal manures by inorganic fertilizers,
which has taken place during the last decades, has
provoked a progressive impoverishment of soil
organic carbon, which is becoming a serious
problem in many areas. Although the benefits of
compost amendment, in terms of both management
of biowastes and crop production have been largely
pointed out, only few studies report its effect on
maize cultivation [9, 10, 11, 12].
The aim of this paper was to compare the
effect of two composts and of their soluble and
insoluble hydrolyzates on the soil quality and maize
production in a field experiment.

Characterization of the organic fertilizers.
pH was measured on freshly collected samples in
1:5 (w/v) aqueous extract. Ash content was
determined by 4h incineration at 650 °C. C and N
content were measured by elemental analysis of 0.5
mm sieved samples. The silicium and metal
contents were determined by atomic absorption
after nitric ± fluoridric acid digestion. The
humification level was determined by separation of
the humic fraction on a polyvinylpirrolidone
column.

MATERIALS AND METHODS

Soil sampling and characterization. Prior to
tillage and fertilization, sub-samples of soil (about
0.5 Kg) were collected at 0-15 and 15-30 cm
following a zig-zag line and reunited to form a
composite sample.
After fertilization, a composite sample (about
1 Kg) was collected in each plot at 0-15 cm depth.
The soil samples were air dried, sieved at 2
mm and characterized according to Violante, 2000
[13].

Organic wastes sourced hydrolyzates. The
starting materials were a green compost (100 %
lignocellulosic material) (CV) and a mixed compost
(CVDF) which starting materials were anaerobic
digestate from a biogas plant, sludges from a water
treatment plant and lignocellulosic chipped residues.
Both composts were supplied by Acea Pinerolese
Industriale SpA, Pinerolo (TO), Italy.
The composts were processed by alkaline
hydrolysis with KOH at 60 °C in a pilot plant as
previously reported [2]. The compost was reacted
4h with KOH solution at pH 13, 60°C and 4 v/w
water/solid ratio. The liquid/solid hydrolysate mix
was allowed to settle to separate the supernatant
liquid phase containing the soluble substances
(SOL) from the insoluble substances (INS). The
recovered liquid phase was circulated at 40 L hí1
flow rate through the ultrafiltration membrane
operating with tangential flow at 7 bar inlet and 4.5
bar outlet pressure to yield a retentate with 5±10%
dry soluble substances content. The insoluble
substances residue was washed once with fresh
water at 4 v/w added water/solid ratio. The
recovered ultrafiltration retentate and the insoluble
substances residue were allowed to concentrate
and/or dry in ventilated oven at 60 °C.

Biomass production The effect of the
different fertilizers during the plant growth was
evaluated through determination of the plants
height (5, 9, 11, and 13 weeks after sewing). At
harvest (23 weeks after sewing), the whole plants
and the ears were weighted then dried in oven at
60 °C for 4 days for the determination of the dry
weight of plants, ears and kernels.
Chlorophyll content. The chlorophyll content
was measured in the field 60 days prior to harvest
using a SPAD-502 Plus instrument.
TABLE 1
Soil properties prior to fertilization.
Soil property

Experimental design. The study was carried
out in a farm located in north-western Italy
(Pianezza, Torino Province). The experimental field
(about 500 m2) was prepared according to the local
farm practices: tillage (4 days before sewing),
mineral fertilization (18% N, 46 % P2O5) at 260
Kg.ha-1, (2 days before sewing). The field was
divided in 24 plots of 3x7 m2. Maize (Hybrid
PR35Y65, Pioneer) was sown in 5 x 5 plants rows
50 cm apart.
Each organic fertilizer was applied on three
randomly located plots on the three central rows,
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Sand, %
Silt, %

Soil depth, cm
0-15
38.0 ± 3.10
50.5 ± 4.88

15-30
40.5 ± 1.57
47.5 ± 2.61

Clay, %

10.5 ± 1.2

12.4 ± 2.73

pH (H2O)
pH (KCl)

5.2 ± 0.2
4.2 ± 0.2

5.2 ± 0.2
4.1 ± 0.2

TOC, %

1.00 ± 0.05

1.11 ± 0.05

Total N, %

0.10 ± 0.01

0.11 ± 0.01

C/N
CEC,
meq/100g

10.0
12.1 ± 0.75

10.1
12.3 ± 2.1
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TABLE 2
Main characteristics of the composts and their soluble and insoluble hydrolyzates.
sample

Moisture.
%

pH

Ash,
%

C%

N%

C/N

CV
CVDF
CV SOL
CVDF SOL
CV INS
CVDF INS

25.7
19.1
6.8
92.6
68.3
48.3

7.3
7.7
8.2
8.2
8.7
8.3

57.1
59.4
27.9
27.3
71.3
77.6

22.43±0.42
24.36±0.16
38.25±0.09
35.47±0.09
18.44±0.67
11.72±0.22

1.91±0.03
2.25±0.11
4.01±0.03
4.34±0.17
1.15±0.09
1.02±0.05

11.74
10.83
9.54
8.17
16.03
11.49

Humification
rate, %

68.58±2.38
63.20±7.89

Total P, %
0.22±0,01
0.73±0.12
0.30±0.03
0.80±0.02
0.21±0.01
0.30±0.03

TABLE 3
Mineral composition of the composts and their soluble and insoluble hydrolyzates.
Si, %

Fe, %

Al, %

Mg, %

Ca, %

K, %

Na, %

CV

12.14±0.07

1.03±0.02

0.59±0.01

1.67±0.25

4.86±0.61

1.18±0.07

0.06±0.01

CVDF
CV SOL
CVDF
SOL
CV INS
CVDF INS

6.27±0.04
2.55±0.01
0.92±0.03

1.02±0.01
0.77±0.04
0.53±0.02

1.06±0.02
0.49±0.04
0.44±0.02

0.83±0.01
1.13±0.06
0.49±0.01

3.23±0.05
6.07±0.38
2.59±0.03

1.32±0.03
3.59±0.21
5.49±0.04

0.07±0.01
0.16±0.01
0.15±0.01

15.04±0.33
7.68±0.06

1.10±0.05
1.23±0.03

0.67±0.01
1.05±0.01

1.45±0.01
1.15±0.02

4.19±0.09
3.20±0.03

1.49±0.02
1.32±0.02

0.06±0.01
0.04±0.01

TABLE 4
Soil properties after fertilization.
treatment

pH

C,%

N, %

CEC,
cmol. Kg-1

Available P,
mg.Kg-1

None
Mineral fertilizer
CV
CVDF
CVSOL
CVDFSOL
CVINS
CVDFINS

5.1±0.1a
6.4±0.3ab
5.5±0.2ac
5.7±0.2ac
7.7±0.4b
6.8±1.1bc
5.9±0.3ac
6.2±0.6ac

1.10±0.22a
1.21±0.39a
1.31±0.01a
1.29±0.07ac
2.19±0.21b
2.07±0.08bc
1.63±0.20ac
1.53±0.14ac

0.14±0.02ª
0.22±0.04ab
0.17±0.02ac
0.19±0.02abc
0.27±0.02b
0.28±0.01bc
0.18±0.02ab
0.18±0.02ab

11.8±2.2a
13.6±1.5a
12.0±0.7a
15.2±3.9a
13.7±0.7a
14.6±1.6a
13.5±0.8a
13.1±0.4a

21.3±3.9a
92.0±4.5b
30.3±17.3a
56.2±16.4ab
91.7±23.8b
53.4±14.6ab
37.1±9.7a
32.3±8.1a

Within columns, the numbers with the same letter are not significantly different (P> 0.05)
accumulate in the insoluble residue, in agreement
with the high ash content in these fractions.
Calcium, potassium, and sodium were found at
relevant concentrations also in the insoluble
hydrolizates, probably as exchangeable cations.

RESULTS
Soil characterization before treatment. The
main soil properties are reported in table 1. The soil
was an acidic silt loam with medium-low C and N
concentrations. The soil characteristics were not
significantly different at the two sampling depths.

Soil characteristics after treatment. The
change in soil properties due to the different
treatments are reported in table 4. A significant
increase of soil pH as compared with the control
trial was observed in the plots treated with CVSOL
and CVDFSOL. Such effect, sometimes observed
upon compost amendment is attributed to both the
higher pH value of the materials and to the high
level of basic cations [9, 14, 15].
Carbon and nitrogen concentrations were
significantly higher in the soils amended with
CVSOL and CVDFSOL than in the control soils,
consistently with the major content of organic
matter of these materials. No significant differences
of cationic exchange capacity took place between
the plots. Available P increased significantly upon

Organic fertilizers characterization. The
characteristics of the composts and hydrolysates are
reported in tables 2 and 3. The N and P content of
the green compost CV are lower than those of
CVDF in agreement with the lignocellulosic nature
of the starting material of CV. After hydrolysis C
and N of the sourcing composts are not distributed
uniformly over the produced soluble and insoluble
substances. The soluble substances have higher C,
N, and P content than the sourcing composts and
the insoluble residue. The soluble fractions exhibit
a humification rate higher than 60 %, consistently
with the presence of humic-like substances.
Silicium, iron, aluminium, and magnesium tend to
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TABLE 5
Weight of the plants.
treatment
fresh weight, g. plant-1
dry weight, g. plant-1
None
711.0 ± 189.7a
263 ± 132.2a
Mineral fertilizer
1565 ± 443.8bc
683 ± 155.0b
CV
1617 ± 209.5c
800 ± 82.46b
CVDF
1037 ± 77.42ab
489.3 ± 53.05ab
CVSOL
1374 ± 96.65bc
615.3 ± 24.38b
CVDFSOL
1029 ± 24.25ab
514 ± 48.87ab
CVINS
1089 ± 158.5abc
490 ± 136.2ab
CVDFINS
610 ± 37.44a
332.3 ± 29.02a
Within columns, the numbers with the same letter are not significantly different (P> 0.05)
TABLE 6
Weight of the ears and of the kernels.
ear dry weight,
kernel dry weight,
treatment
ear fresh weight,
g.plant-1
g.plant-1
g.plant-1
None
145.4 + 57.11a
119.8 + 49.95a
108.5 + 48.03a
Mineral fertilizer
208.9 + 45.26b
171.9 + 36.69ab
159.4 + 34.22b
CV
189.1 + 73.91ab
160.1 + 63.36ab
144.5 + 58.36ab
CVDF
214.3 + 64.25b
180.0 + 54.21b
162.7 + 51.31b
CVSOL
232.7 + 49.64b
195.3 + 41.60b
176.1 + 36.78b
CVDFSOL
218.5 + 49.82b
184.3 + 41.86b
165.7 + 38.13b
CVINS
186.2 + 83.50ab
157.7 + 71.31ab
156.5 + 50.85b
CVDFINS
208.8 + 66.11ab
177.3 +54.03b
158.0 + 49.76b
Within columns, the numbers with the same letter are not significantly different (P> 0.05)
Weight of the plants at harvest. The fresh
and dry weight of the plants at harvest is reported in
table 5. The weight of the plants grown on the plots
amended with the mineral fertilizer, with the
compost CV, and the corresponding soluble
hydrolyzate CVSOL was significantly higher than
that of the plants grown on the untreated plots. All
the other fertilizers except CVDFINS gave the same
results than the mineral fertilized plots but not
significantly different than the non treated plots.
The lack of difference is partly due to the large
variability of the results affecting the weight of the
plants grown on the untreated soils.

fertilization in the plots treated with mineral
fertilizer and with CVSOL.
Growth of the plants. The height of the
plants was measured at two, three and three and a
half months from sewing. No significant differences
between the inorganic and organic fertilized plots
were observed, the average height values being 222,
243 and 310 cm at the different grown stage with a
relative standard deviation of less than 2.5 %. The
average values of the heights of the plants grown on
the untreated plots were 165, 185 and 270 cm at the
different grown stage. However the height of the
plants grown on the untreated plots was very
variable (standard deviation from 5 to 14 %)
therefore the apparent minor height of the plant
grown on the control soil was not significant. On
the other hand the large variability of the height of
the plants grown on the untreated plots confirm the
deficiency of nutrients notwithstanding the soil was
fertilized with a mineral fertilizer two days before
sewing.

Weight of the ears and of the kernels. The
fresh and dry weights of the ears are reported in
table 6. All the organic fertilizers gave the same
performance as that of the mineral fertilizer but in
some cases (CV and the two insoluble
hydrolyzates) the fresh weight did not differ from
that of the plants grown on the untreated plots. As
far as the ear dry weight is concerned the best
results were observed upon application of the
compost CVDF, the two soluble hydrolyzates and
the insoluble hydrolyzate CVDFINS.
As far as the dry weight of the kernels was
concerned, there were not significant differences
between the organic fertilizers and the inorganic
fertilizer control. On the other hand, the weights of
the ear and kernels of the plant grown on the plots
amended with the compost CV did not differ from

Chlorophyll content. The chlorophyll content
measured in the field 8 weeks prior to harvest was
in average 5 SPAD units and no significant
differences were observed between the plots. This is
consistent with the results of Rovero et al. [3]
confirming the lack of relationship between the
photosynthetic activity of maize and the amount
and composition of the organic fertilizers.
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on the maize yield, the aim of our study was to
confirm the biostimulant action of the soluble
hydrolysates, observed in previous experiments on
horticultural and floricultural species. Although
these compounds gave results similar to the mineral
fertilizer and to the composts, the parameters we
measured did not point out sensible stimulant action.
This could be due to the difference in plants
dimension and vegetative period as compared with
the horticultural species. On the other hand, it was
demonstrated in a previous experiment that
application of similar biosoluble substances on
maize cultivated soils provoked an increase of the
content of P, K, Mg, Na, Ni, and Zn in the kernels.
However, the lack of visible difference between the
maize grown on compost and on the biosoluble
substances, suggests that the use of these materials
is not suitable, for obvious economical reason, in
this type of cultivation.
The insoluble hydrolyzates seemed less
efficient than the composts and the soluble
hydrolyzates in sustaining the plant growth, likely
because they are poorer in nutrients. On the other
hand, they did not produce any adverse effect and
the yield, expressed as dry weight of the kernel per
plant, was not different than that of the other
fertilizers. Therefore their use in maize cultivation
could be proposed, with a vantage from an
economical point of view, since they are byproducts of the preparation of the soluble fractions,
which have been tested for industrial uses such as
biosurfactants.
An important improvement was also the
increase of the soil organic carbon, significantly
higher in the plots amended with the soluble
fractions, but which could increase also upon
several years applications of compost or insoluble
fractions. The effect of organic amendments on the
physical, chemical, and microbiological properties
of soil has been largely demonstrated and these
materials are strongly recommended to invert the
trend of soil organic carbon impoverishment
leading to desertification. This is probably the case
of the studied soil which exhibits a medium low C
content, probably due to the cultural practices
involving frequent mineral fertilization without
addition of organic material.

that of non treated control. This is likely in relation
with the low content of N and P of these materials.

DISCUSSION
The general consideration we can deduce from
this study is that the substitution of the mineral
fertilization, largely used in maize cultivation, with
compost and compost hydrolyzates did not affect
and, in some cases, improved plant growth and
yield. This is likely related to the K, N and P
content of these materials, particularly high in the
soluble fractions which are those giving the best
performances in terms of plant growth and kernel
quality. The positive effect of organic materials
such as animal manure, vegetal residues [16, 17,
18], as such or combined with mineral fertilizers, on
maize production, has been reported but only few
studies are dealing with field compost application.
The results we obtained with the two composts CV
and CVDF are in accordance with those of a field
experiment in which no difference in maize yield
between the treated and the control plots was
observed, confirming the effectiveness of compost
in substituting mineral fertilizers [9]. It was also
observed that the good result in terms of yield was
also accompanied by an increase in C, N, and P
content in the plants grown on the compost
amended soils. Other studies dealing with maize
production on compost amended soils confirm the
positive effect of compost but are not directly
comparable with our experiment since conducted in
small scale, greenhouse experiments. Oo et al. [10]
cultivated maize plants in pots amended with
compost and vermicompost in two types of soils
(saline and non saline). In these conditions,
although the plant total dry matter was about one
order of magnitude than that we found in the field,
this weight increased clearly in treatments with
compost and vermicompost application when
compared with the control (no fertilizer) in two
types of soils. Doan et al. [11] cultivated maize
plants in tanks filled with 1 m3 soil amended with
manure, vermicompost and biochar in a tropical
climate. They observed a general increase of maize
biomass and yield in the soil amended with organic
matter and mineral fertilizer as compared with the
control trials with only mineral fertilization.
Masowa et al. [12] tested winery solid waste
compost in a greenhouse experiment and reported
that the dry matter yield of maize was improved by
the application of the compost. Although compost
amendment is considered a valid alternative to
mineral fertilization, our results point out that the
mixed compost CVDF is more suitable than the
green compost CV. This is likely related to the high
demand of nitrogen of maize which could not be
afforded by the green compost.
Besides the effect of application of composts

ACKNOWLEDGEMENTS
The study was partly funded by ³6WXGLR GL
FDWWLELOLWjFDOOSURJHWWR%,25*´

REFERENCES
[1] O. Sortino, M. Dipasquale, E. Montoneri, L.
Tomasso, D.G. Perrone, D. Vindrola, M. Negre,
G. Piccone (2012): Refuse derived soluble bio2570

© by PSP

Volume 26 ± No. 4/2017 pages 2566-2571

Fresenius Environmental Bulletin

maize yield and soil erosion in northern
Vietnam : a three year mesocosm experiment.
Sci. Total Environ. 514 147-154.
[12] M. M. Masowa, F. R. Kutu, P. L. Shange, R.
Mulidzi, f. M. G. Vanassche (2015): The effect
of winery solid waste compost application on
maize growth, biomass yield, and nutrient
content under greenhouse conditions, Arch.of
Agron. Soil Sci. In press doi: 10.1080/
03650340.2015.1115018.
[13] P. Violante P (2000): Metodi di analisi chimica
del suolo.In: Collana di metodi analitici per
O¶DJULFROWXUD)UDQFRDQJHOL0LODQR,WDO\
[14] S. Jimenez Becker, A. Ebrahimzadeh, B. M.
Plaza Herrada, M. T. Lao (2010): Characterization of compost based on crop residues:
changes in some chemical and physical
properties of the soil after applying the
compost as organic amendment. Commun. Soil
Sci. Plant Anal. 41 696-708.
[15] E. Arthur, W. Cornelis, F. Razzaghi (2013):
Compost amendment to sandy soil affects soil
properties and green house tomato productivity.
Compost Sci Util. 20 215-221.
[16] A. Efthimiadou, D. Bilalis, A. Karkanis, B.
Froud-Williams B (2010): Combined organic/
inorganic fertilization enhance soil quality and
increased
yield,
photosynthesis
and
sustainability of sweet maize crop. Aust. J.
Crop Sci. 4 722-729.
[17] R. Rasool, S. S. Kukal, G. S. Hira GS (2010):
Root growth and soil water dynamics in
relation to inorganic and organic fertilization in
maize-wheat. Comun. Soil Sci. Plant Anal. 41
2478-2490. doi:10.108/00103624.2010.511378
[18] Z. Wen, J.Shen, M. Blackwell, H. Li, B. Zhao,
H. Yuan (2016): Combined applications of
nitrogen and phosphorous fertilizers with
manure increase maize yield and nutrient
uptake via stimulating root growth in a long
term experiment. Pedosphere, 26 62-73 doi:10.
1016/S1002-0160(15)60023-6

organics enhancing tomato plant growth and
productivity. Waste Manage. 32 1788-1797.
doi: 10.1016/j.wasman.2012.04.020.
[2] O. Sortino, M. Dipasquale, E. Montoneri, L.
Tomasso, P. Avetta, A. Bianco Prevot (2013):
90% yield increase of red pepper with
unexpectedly low doses of compost soluble
substances. Agron. Sustain. Dev. 33 433-441.
doi:10.1007/s13593-012-0117-6.
[3] A. Rovero, M.Vitali, D. Rosso, E. Montoneri,
W. Chitarra, S. Tabasso, M. Ginepro, C.
Lovisolo (2015): Sustainable maize production
by urban biowastes products. IJAAR, 6 75-91.
[4] M. Negre, C. Mozzetti Monterumici, D.
Vindrola, G. Piccone, D.G. Perrone, L.
Tomasso, E. Montoneri (2012): Horticultural
and floricultural applications of urban wastes
originated fertilizers. Compost Sci Util. 20
150-155.doi:10.1080/1065657X.2012.
10737040.
[5] A. Ertani, D. Pizzeghello, A. Baglieri, V.
Cadili, F. Tambone, M. Gennari, S. Nardi
(2013): Humic-like substances from agroindustrial residues affect growth and nitrogen
assimilation in maize (Zea mays L.) plantlets. J.
Geochem. Explor. 129 103±111. doi:10.1016/
j.gexplo.2012.10.001.
[6] A. Baglieri, V. Cadili, C. Mozzetti
Monterumici, M. Gennari, S. Tabasso, E.
Montoneri, S. Nardi, M. Negre (2014):
Fertilization of bean plants with tomato plants
hydrolysates. Effect onbiomass production,
chlorophyll content and N assimilation.
Scientia Horticulturae 176 194±199.
[7] C. Mozzetti Monterumici, D. Rosso, E.
Montoneri, M. Ginepro, A. Baglieri, E.H.
Novotny, W. Kwapinski, M. Negre (2015):
Processed vs. non-processed biowastes for
agriculture: effects of post-harvest tomato
plants and biochar on radish growth,
chlorophyll content and protein production. Int.
J. Mol. Sci. 16, 8826-8843. doi:10.3390/
ijms160x000x.
[8] F. Bonciarelli, U. Bonciarelli (2001):
Coltivazioni erbacee. Calderini Edagricole,
Milano, Italy.
[9] F. Tambone, P. Genevini, F. Adani (2007): The
effects of short-term compost application on
soil chimica properties and on nutritional status
of maize plant. Compost Sci. Util. 15 176-183.
[10] A.N. Oo, C.B. Iwai, P. Saenjan (2013):Soil
properties and maize growth in saline and
nonsaline soils using cassava-industrial waste
compost and vermicompost with or without
earthworms.Land Degrad. Develop. 26 300310. doi: 10.1002/ldr.2208
[11] T.T. Doan, T. H. des Turaux, C. Rumpel, J.L.
Janeau, P. Jouquet P (2015): Impact of compost,
vermicompost, and biochar on soil fertility,

Received:
Accepted:

28.06.2016
01.02.2017

CORRESPONDING AUTHOR
Michele Negre
Dipartimento di Scienze Agrarie, Forestali e
Alimentari, University of Turin , Largo Braccini 2,
10095 Grugliasco (TO), Italy
e-mail michele.negre@unito.it

2571

© by PSP

Volume 26 ± No. 4/2017 pages 2572-2582

Fresenius Environmental Bulletin

7+(327(17,$/2)62,/&$5%21',2;,'(0(7+$1(
$1'1,752862;,'((;&+$1*(62)',))(5(17/<
*5$=('6(0,$5,'67(33(6%$6('2162,/&25(
(;3(5,0(17
Weiwei Chen1,2,3, Xunha Zheng1,*, Benjamin Wolf3, Zhisheng Yao1,
Chunyan Liu1, Klaus Butterbach-Bahl3
1

State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing 100029, China
2
Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Changchun 130102, China
3
Karlsruhe Institute of Technology, Institute for Meteorology and Climate Research, Atmospheric Environmental Research (IMK-IFU), D82467 Garmisch-Partenkirchen, Germany

KEYWORDS:
greenhouse gas, grassland, grazing, degradation, climate
change, Inner Mongolia

ABSTRACT
The greenhouse gas sources-sink functions of
temperate semiarid steppes may be changing due to
rangeland overgrazing and climate change. However,
the comprehensive effects of grazing patterns and
environmental factors on soil carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N2O) exchanges
have been poorly studied. Using soil core incubation
and gas chromatography methods, we determined
the potential of CO2, CH4 and N2O fluxes of steppe
topsoil that sampled from various grazing intensities
(i.e., ungrazed, lightly-grazed, moderately-grazed
and heavily-grazed)under combined conditions with
air temperatures (i.e., 5 °C and 20 °C) and soil
moistures (i.e., 5%, 12.5%, 20% and 30% v/v) at two
dominant vegetation types (i.e., Stipa JUDQGLV DQG
Leymus FKLQHQVLV).Both steppe soils were a sink of
CH4 (-37.9 ± 5.8 μg C m-2 h-1) and sources of N2O
(9.9 ± 4.6 μg N m-2 h-1) and CO2 (65.4 ± 7.7 mg C
m-2 h-1), respectively. The Leymus FKLQHQVLVVWHSSH
VKRZHGKLJKHUSRWHQWLDORI&+VLQN&2DQG12
VRXUFHVDVFRPSDUHGWRStipa JUDQGLVVWHSSHLower
temperature (5 °C) and higher soil moisture (30%)
significantly inhibited CH4 uptake, and both lower
temperature (5 °C) and soil moisture (5%)
significantly decreased soil respirations (i.e., CO2
flux) and N2O emissions. The ungrazed steppes
absorbed CH4, emitted CO2 and N2O, with average
fluxes of -46.8 ± 5.2 μg C m-2 h-1, 82.7 ± 22.1 mg C
m-2 h-1 and 10.7 ± 3.5 μg N m-2 h-1, respectively.
Heavy grazing significantly reduced CH4 uptake by
43% and soil respiration by 42%, but did not
significantly affect N2O emissions. The relationships
between stoking rates and CH4 uptake and N2O
emissions indicate OLJKWDQGPRGHUDWHJUD]LQJFRXOG
EHEHQHILWWRLPSURYHVRLOVLQNDQGVRXUFHIXQFWLRQV
RI&+DQGUHGXFH N2O emission during the growing
season.

INTRODUCTION
Carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) are three most important greenhouse gases (GHG), contributing to climate change
and ozone depletion>@. Temperate steppes in
Eurasia cover approximately 10% of the terrestrial
land surface>@, and most function as sources or
sinks for atmospheric CO2, CH4 and N2O>@.
6WXGLHV KDYH VKRZQ grassland types (e.g., typical,
desert and meadow steppes), local climate (e.g.,
precipitation and air temperature) and anthropogenic
disturbances (e.g., grazing and cultivation) could
affect these functions[7-10]. Therefore, a clarifiction
of the process and magnitude of steppe CO2, CH4
and N2O exchanges could provide information for
regional GHG inventories and mitigation measures.
Inner Mongolia steppe (approximately 87 million hectare), an important part of Eurasian steppe
zone, account for more than 20% total grassland area
in China. As a major base of animal husbandry,
livestock numbers have increased significantly in the
past few decades and most natural steppes have been
facing the accelerating threats from overgrazing [11].
Many studies have reported that overgrazing has
resulted in widespread rangeland degradation
associated with changes in soil properties, plant
diversity and productivity [12] and the activities of
soil microorganisms[13].Recently it was shown that
the potential of steppe soils to act as sinks or sources
of atmospheric CH4 and N2Omaybe reduced by
heavy
grazing
based
on
field
measurements>@.This level of grazing intensity
indicates that the magnitude of the sink or source of
GHGs in steppe ecosystems may have changed
significantly with the expansion of degraded
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grasslands. In addition, these steppe types are
characterized by a typical temperate semiarid
climate
with
a
significant
inter-annual
variability[14,15].The GHG fluxes have been
reported to be sensitive to soil temperature and
moisture, indicating the large uncertainties on these
important parameters for regional GHG budgets. Up
to now, however, the comprehensive estimate of
grazing intensities and environmental factors effects
on steppe GHG exchanges are rare.
7KHREMHFWLYHRIWKLVVWXG\LVWRXQGHUVWDQGWKH
HIIHFWVRIVWHSSHW\SHVJUD]LQJLQWHQVLWLHVDQGHQYLURQPHQWDOIDFWRUVRQWKHSRWHQWLDORI VRLO*+*H[FKDQJHV Using soil core incubation and gas
chromatography methods, we determined the fluxes
of CO2, CH4 and N2O of steppe topsoil that sampled
from various grazing intensities (i.e., ungrazed,
lightly-grazed, moderately-grazed and heavilygrazed) under combined conditions with air
temperatures (i.e., 5°C and 20°C) and soil moistures
(i.e., 5%, 12.5%, 20% and 30% v/v) at two dominant
vegetation types (i.e., Stipa JUDQGLV DQG Leymus
FKLQHQVLV). The differences of GHG exchange rates
under various combined conditions and possible
mechanisms are estimated and discussed.

MATERIALS AND METHOD
Study region. The study was conducted at
typical steppe ecosystems located in the Xilin River
catchment near the ,QQHU 0RQJROLD *UDVVODQG
(FRV\VWHP 5HVHDUFK 6WDWLRQ ,0*(56 ƍ 1
ƍ(PDVO RIWKH&KLQHVH(FRV\VWHP
5HVHDUFK 1HWZRUN 7KH ORFDO FOLPDWH LV FKDUDFWHUL]HGDVWHPSHUDWHFRQWLQHQWDOFOLPDWHIn this region,
the growing season usually starts in early May and
ends in late September, and the remained seven
months are the non-growing season when grass
vegetation and root are dormant [16].The 25-year
mean annual air temperature (1982±2007) recorded
by ,0*(56 was 0.7 C, with a mean January
temperature of -21 C and a July mean of 19 C. The
annual mean precipitation is 330 mm (range: 166±
 PP \U LQ ±2007), of which 85% falls
between May and September. The average air
temperature and precipitation (most in snowfall)
values during the non-growing season were °C
and 52 mm. Typical steppe covers approximately 85%
of the area of the Xilin River catchment. The most
common typical steppe types are communities either
dominated by Stipa grandis or Leymus chinensis.
The soil types of the Stipa grandis and Leymus
chinensis steppes are kastanozem and chernozem,
respectively.
6RLO FRUH VDPSOLQJ. Experimental rangelands
orplotsunder various grazing intensities (i.e., ungrazed, lightly-grazed, moderately-grazed and
heavily-grazed) in the Xilin River catchment were



established by ,0*(56 DQG 0$*,0 SURMHFW 7R
GHWHUPLQHWKHSRWHQWLDORIVRLO*+*H[FKDQJHVIURP
JUD]LQJ SUDFWLFHV VL[ SORWV ZHUH FKRVHQ LQFOXGLQJ
RQHXQJUD]HGSORWVLQFH 68* DQGDGMDFHQW
KHDYLO\ JUD]HG UDQJHODQG 6&*  DW Stipa grandis
steppe, and one ungrazed plot (LUG), one lightly
grazed (LLG), one moderately grazed (LMG) and
one heavily grazed plot (LHG) at Leymus chinensis
steppe. The SUG79 ƍ1ƍ(PDVO 
was fenced in 1979 by IMGERS to forbid grazing;
the adjacent SCG are more than 40 ha and grazed
continuously for approximately 300 days each year
according to the local farming practices. The LUG,
LLG, LMG and LHG plots ƍ1 ƍ(
1260±1275ma.s.l.) were established at flat
landforms in 2004 and each plot had an area of
approximately 2 ha. Since then, grazing has been
restricted to the growing season from mid-June to
mid-September. Three rangelands were lightly or
moderately grazed for decades before sites were
established; in addition, respective pairs/groups of
plots have similar backgrounds in soil and vegetation
characteristics[17-19].Animals (sheep and goats)
were allowed to walk freely during the grazing
seasons in all grazed plots.
Soil core sampling was conducted in July 14
2008 when topsoil moisture was approximately 5%
v/v [6]. The grass aboveground part was cut off from
near the ground before sampling. At each plot or
rangeland, undisturbed soil cores at the depth of 0±
10 cm were taken in quintuplicate using specialized
semi-column steel pipe[20], and were put in manual
chambers. Manual chambers were made from
nontransparent polyvinyl chloride (PVC) pipe
(diameter, 16 cm; length, 20 cm; volume, 4.0 L;
basal area, 0.02 m2) with a twist lid and a bottom
(PVC) with a butyl rubber septum and a rubber O
ring to form a gas-tight seal. All soil core samples
were brought to the laboratory in ,0*(56DQGNHSW
LQIUHH]HUVZLWKWKHWHPSHUDWXUHRI&IRUIXUWKHU
DQDO\VLV
*+* IOX[ PHDVXUHPHQWV XQGHU GLIIHUHQW
WHPSHUDWXUH DQG PRLVWXUH FRQGLWLRQV. Fluxes of
CO2, CH4 and N2O were measured using sampled
soil core in manual chambers and gas chromatography techniques[21,20]under combined conditions
with air temperatures (i.e., 5 °C and 20 °C) and
topsoil moistures (i.e., 5 %, 12.5 %, 20 % and 30 %
v/v).There were eight combined conditions of air
temperature (T) and soil moisture (W), i.e., W5T5,
W5T20, W12.5T5, W12.5T20, W20T5, W20T20, W30T5 and
W30T20, and subscript of T and W represented the set
value. Air temperatures were regulated by electronic
controlled incubators in laboratory. Topsoil
moistures were regulated by homogeneous spray of
simulated rainfall by watering pot and their
volumetric content (0±6 cm)measured by a portable
FDR probe (ThetaKit, Delta-T Devices, Cambridge,
UK).Among five soil cores, four soil cores were used
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for GHG flux measurements, and the other one was
for synchronized regulation of different soil
moisture. We first regulated soil moistures of soil
cores to be 5%, and put soil cores into incubators to
keep 24 hours in 5 °C (i.e., W5T5). Subsequently, the
CO2, CH4 and N2O fluxes were measured once and
measured again in the following 24 hours. Then, we
adjusted the soil moisture to 5% and cultivated with
20°C (i.e., W5T20) for 24 hours in incubators, and
GHG fluxes were also measured once and measured
again in the following 24 hours. Similar operations
were successively conducted for other six conditions
(i.e., W12.5T5, W12.5T20, W20T5, W20T20, W30T5, and
W30T20).
7KH PDQXDO FKDPEHUV ZHUH FORVHG IRU 
PLQXWHV DQG JDV VDPSOHV  PO  ZHUH FROOHFWHG
HYHU\PLQXVLQJSODVWLFV\ULQJHV7KHFRQFHQWUDWLRQVRI&2&+DQG12LQWKHJDVVDPSOHVZHUH
DQDO\]HG E\ JDV FKURPDWRJUDSK\7KH JDV
FKURPDWRJUDSK Agilent 6820, Shanghai, China ZDV
HTXLSSHG ZLWK DQ HOHFWURQ FDSWXUH GHWHFWRU (&' 
IRU12DQDO\VLVDQGDIODPHLRQL]DWLRQGHWHFWRUIRU
&+ DQG &2 DQDO\VLV 7KH &2 ZDV FRQYHUWHG WR
&+LQDPHWKDQL]HUSULRUWRDQDO\VLV7KHDQDO\WLFDO
FRQGLWLRQVIRUDQDO\]LQJWKHFRQFHQWUDWLRQVRI&2
&+ DQG 12 DQG WKH PHWKRGV IRU FDOFXODWLQJ WKH
IOX[HVRIHDFKJDVKDYHEHHQGHVFULEHGE\=KHQJHW
DO DQG :DQJ HW DO>@ :H XVHG D SXUJH JDV
&21  IRUWKH(&'DWDUDWHRI ±P/
PLQWR DYRLG FURVVLQWHUIHUHQFH EHWZHHQ&2
DQG12 LQ WKH DLU VDPSOHV 7KH JDV IOX[HV ZHUH
FDOFXODWHG IURP FKDQJHV LQ WKH LQLWLDO UDWH RI
FRQFHQWUDWLRQ FKDQJH ZLWKLQ WKH FKDPEHUV¶
KHDGVSDFHWKLVZDVFDOFXODWHGIURPWKHLQLWLDOVORSH
RI D QRQOLQHDU UHJUHVVLRQ RI FRQFHQWUDWLRQ DJDLQVW
WLPH>@ Negative flux values indicate gas uptake
from the atmosphere, and positive flux values indicate gas emissions to the atmosphere. 7KHGHWHFWLRQ
OLPLWVIRURXUDSSURDFKZHUHμg N m-2 h-1 for N2O,
4 μg C m-2 h-1 for CH4 and 1 mg C m-2 h-1 for
CO2based on the chamber dimensions, the sampling
time, and the reproducibility of repeated measurements for standard gases (0.7% for CH4, 0.8% for
CO2 and 0.6% for N2O). In order to assess grazing
effect on the total GHG balance of steppes, we converted CH4 and N2O emissions into CO2equivalents
(CO2-eq.) using the global warming potential factors
of 25 (for CH4) and 298 (for N2O)[24].

RESULTS
&DUERQ GLR[LGH IOX[HV 7KH &2 IOX[HV RI
YDULRXV JUD]HG VWHSSHV UDQJHG IURP WR  PJ &
Pí Kí XQGHU GLIIHUHQW WHPSHUDWXUH DQG PRLVWXUH
FRQGLWLRQV 7DEOH)LJDDQG)LJD 7KHPHDQ
&2IOX[XQGHUWKH°C condition (i.e., 104 mg C
m-2 h-1) was approximately six times of that with
°C )LJD &RPSDUHGZLWKWKHORZHVWVRLOPRLVWXUHFRQGLWLRQ LH WKH&2IOX[HVVXEVWDQWLDOO\
LQFUHDVHGXQGHUWKHRWKHUFRQGLWLRQV LH
DQG   ZLWK QR VLJQLILFDQW GLIIHUHQFHV DPRQJ
WKHP )LJE 2XUUHVXOWVFOHDUO\H[KLELWHGDWUHQG
RI JUDGXDO GHFUHDVH RI VRLO &2 IOX[HV ZLWK WKH
LQFUHDVH RI JUD]LQJ LQWHQVLW\ DW VWHSSHV )LJ F 
+RZHYHU VLJQLILFDQW S   GLIIHUHQFHV RI &2
IOX[HVZHUHRQO\GHWHUPLQHGEHWZHHQXQJUD]HGSORWV
DQGKHDYLO\JUD]HGSORWV,QDGGLWLRQWKHUHZHUHQR
VLJQLILFDQW GLIIHUHQFHV RI VRLO &2 IOX[HV EHWZHHQ
Stipa grandis steppes and Leymus chinensis steppes.
Of all combined conditions, the maximum of soil
respiration occurred in SUG79 with high
temperature and moisture (i.e., °C and 30%).
0HWKDQH IOX[ 7KH &+ IOX[HV DW WKH
LQYHVWLJDWHGVWHSSHYDULHGLQWKHUDQJHRIWR
J&PK 7DEOH)LJDDQG)LJD VKRZLQJ
WKDWWKHVRLODFWHGDVDQHWVLQNIRUDWPRVSKHULF&+
XQGHU WKH VHW FRQGLWLRQV :LWK WKH FKDQJH RI DLU
WHPSHUDWXUHIURP°CWR°C, the &+XSWDNHE\
VWHSSHVVLJQLILFDQWO\LQFUHDVHGIURPWR47J&P
 
K )LJD 7KH &+XSWDNH GLGQRWJUHDWO\YDU\
±J&PK DPRQJPRLVWXUHVRI
DQG  EXW WKH\ VLJQLILFDQWO\ KLJKHU WKDQ WKDW
XQGHU  FRQGLWLRQ J & P K  )LJ E 
6LPLODU WR &2 IOX[HV VRLO &+ XSWDNH JUDGXDOO\
GHFUHDVHGZLWKWKHLQFUHDVHLQJUD]LQJLQWHQVLW\DQG
PHDQ&+XSWDNH ZDVKLJKHVWLQWKHOLJKWO\JUD]HG
SORW J&PK  )LJF 6LJQLILFDQWGLIIHUHQFH
RI&+XSWDNH EHWZHHQ 6WLSD J&PK DQG
/H\PXVVWHSSHV J&PK ZHUHGHWHFWHG )LJ
G  0RUHRYHU WKH //* ZLWK PRLVWXUH  DQG
WHPSHUDWXUH°C had the highest CH4 uptake rates
()LJD).
Nitrous oxide fluxes. The range of N2O fluxes
from the steppes was between 0 and 57 μg N m-2 h-1
(7DEOH). The higher temperature (20 °C) promote
more soil N2O emission (15 μg N m-2 h-1) compared
with lower temperature (5 °C, 6 μg N m-2 h-1) ()LJ
D). Soil N2O fluxes gradually increase with soil
moisture, reached the peak under the 30% condition
(22 μg N m-2 h-1), and had significant difference in
N2O fluxes between 30% and 5 %/12.5% conditions
()LJF). Different from CO2 and CH4, mean N2O
fluxes in plots with various grazing intensity were
close each other (10± μg N m-2 h-1). Compared
with the Stipa steppes (5 μg N m-2 h-1), Leymus
steppes showed a higher soil N2O emission (15μg N
m-2 h-1) ()LJG). Both in Stipa and Leymus steppes,

6WDWLVWLFDO DQDO\VLV. The significance of
differences in mean GHG flux and CO2-eq. emissions among the treatments was investigated using
aone-way ANOVA with Tukey's HSD test (SPSS
11.5, SPSS Inc., Chicago, USA).The relationships
between GHG fluxes and stocking rates and aboveground biomass were analyzed by linear or nonlinear regressions using SigmaPlot 10.0 (SPSS Inc.,
Chicago, USA).
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7$%/(
*UHHQKRXVHJDV &+12DQGVRLOUHVSLUDWRU\&2 IOX[HVVWRFNLQJUDWHDQGDERYHJURXQGELRPDVVLQ
WKHVL[VWHSSHVLWHV
Stocking rate
(sheep ha-1 yr-1)

Aboveground
biomass(gm-2)



304 ± 19b

SCG



53 ± 13d

LUG



510 ± 20a

LLG



467 ± 36a

LMG



219 ± 22c

LHG



64 ± 8d

Site
code
SUG79

CH4 flux
(mg C m-2 h-1)
DE
a
F
a
D
a±
D
a
E
a
EF
a

N2O flux
(μg N m-2 h-1)
E
a
E
a
D
a
D
a
D
a
D
a

CO2 flux
(mg C m-2 h-1)
D
a
F
a
DE
a
EF
a
F
a
G
a

CO2equivalent
(kg CO2 eq. ha-1)
D
EF
DE
EF
EF
F

The SUG79 and SCG represent the ungrazed site since 1979 and continuously grazed site in Stipa JUDQGLV steppe;
The LUG, LLG, LMG and LHG were the ungrazed, lightly-grazed, moderately-grazed and heavily-grazed sites
since 2004 in the Leymus FKLQHQVLVsteppe. The figures outside the parentheses are the means of the four replicates
and the standard error under all conditions of air temperature and rainfall, and those inside the parentheses are
their ranges. Superscripts as lowercase letters indicate the significant (p< 0.05) differences among the sites. For
details on the stocking rate, aboveground biomass and other site characteristics, please see [6].
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),*85(
7KHIOX[HVRI&+ $ &2 GHULYHGIURPVRLOUHVSLUDWLRQ  % DQG12 & IURPVRLOFRUHVVDPSOHGDW
ORQJWHUPXQJUD]HGVLWHVLQFH 68* DQGFRQWLQXRXVO\JUD]HGVLWH 6&* RI6WLSDJUDQGLVVWHSSH
XQGHUGLIIHUHQWFRPELQHGFRQGLWLRQVRIDLUWHPSHUDWXUHDQGVRLOPRLVWXUH:7:7:7
:7:7:7:7:7DUHWKHFRQGLWLRQVRIYYZLWK&YYZLWK&
YYZLWK&YYZLWK&YYZLWK&YYZLWK&YYZLWK&
YYZLWK&UHVSHFWLYHO\(DFKSRLQWRIJDVIOX[UHSUHVHQWVWKHPHDQYDOXHRIIRXUUHSOLFDWHV
DQGVWDQGDUGHUURUV
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),*85(
7KHIOX[HVRI&+ $ &2 GHULYHGIURPVRLOUHVSLUDWLRQ  % DQG12 & IURPVRLOFRUHVVDPSOHGDW
XQJUD]HGVLWH 8* OLJKWO\JUD]HGVLWH /* PRGHUDWHO\JUD]HGVLWH 0* DQGKHDYLO\JUD]HGVLWH
6&* VLQFHLQ/H\PXVFKLQHQVLVVWHSSHXQGHUGLIIHUHQWFRPELQHGFRQGLWLRQVRIDLUWHPSHUDWXUH
DQGVRLOPRLVWXUH6HH)LJIRUWKHDEEUHYLDWLRQRIGLIIHUHQWWUHDWPHQWV(DFKSRLQWRIJDVIOX[
UHSUHVHQWVWKHPHDQYDOXHRIIRXUUHSOLFDWHVDQGVWDQGDUGGHYLDWLRQ
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),*85(
7KHGLIIHUHQFHVRI&+XSWDNH&2IOX[ GHULYHGIURPVRLOUHVSLUDWLRQ DQG12IOX[EHWZHHQWZR
WHPSHUDWXUHVFRQGLWLRQV $ DPRQJIRXUVRLOPRLVWXUHFRQGLWLRQV % DPRQJIRXUJUD]LQJLQWHQVLWLHV
& DQGEHWZHHQWZRVWHSSHV ' (DFKSRLQWRIJDVIOX[UHSUHVHQWVWKHPHDQYDOXHRIFRUUHVSRQGLQJ
WUHDWPHQWVDQGVWDQGDUGHUURUVSuperscripts as lowercase letters indicate the significant (p < 0.05)
differences among/between the treatments. The UG is calculated by SUG79 and LUG; The LG and
MG use LLG and LMG, respectively; The HG is calculated by SCG and LHG
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Stocking rate (SR, sheep ha-1 yr-1)
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),*85(
'HSHQGHQFHRI&+XSWDNHDQG&2HPLVVLRQ LHVRLOUHVSLUDWLRQ XSRQVWRFNLQJUDWH $% DQG
DERYHJURXQGELRPDVV &' DWVWHSSHV
normally represent the growing season and also
arithmetic mean values of soil respiration rates were
calculated.
Soil respiration rates (i.e., CO2 fluxes) were
greatly inhibited under either low temperature (5 °C)
or soil moisture (5%) and the highest soil respiration
occurred in the treatment of both 20 °C in air
temperature and 20%in soil moisture for semiarid
steppe ()LJ D DQG E). Hydrothermal conditions
could directly affect autotrophic respiration of plant
roots and heterotrophic respiration of soil
microbes[33]. Many studies have suggested that the
thresholds of soil temperature and moisture are 5 °C
and 5%±10%, respectively [32]. The coefficient of
temperature effect (Q10) was linearly calculated to be
approximately 3.3 (2.9±4.5), which was at the high
end of reported Q10values (0.9±4.6) in grasslands[32].Furthermore, soil respiration rate significantly increased by approximately three times with
the change of soil moisture from 5% to 12.5% and
kept a slight increase until 30%, indicating a possible
threshold of soil moisture between 5% and 12.5% to
restrain CO2 production when soil organisms respire.
Our measured CO2emissionrates in steppes are
actually dominant by soil respiration, which originates mainly from the combination of decomposition
of soil organic matter and dead microbial biomass by
soil microorganisms and root autotrophic respiration.
Previous studies have reported various effects of
grazing (e.g., reduction, no change or promotion) on
soil respiration of grasslands during the growing
season [17, 28, 34-37]. In this study, grazing
gradually decreased soil respiration from semiarid
steppes with the significant differences appeared
when stocking rate > 2.0 sheep ha-1 yr-1(i.e., heavygrazing) (Fig. 4b).These are caused by the changes

the highest N2O emissions were observed at heavily
grazed plots (i.e., SCG and LHG) under high
temperature (20 °C) and moisture (30%).
5HODWLRQVKLSV RI *+* IOX[HV DQG VWRFNLQJ
UDWHDQGDERYHJURXQGELRPDVVWith the increase
of stocking rate, there were a binomial decreasing
trend of soil CH4 uptake and exponential decreasing
trend of soil respiration from semiarid steppes ()LJ
DDQG)LJE). However, steppe CH4 uptakes were
significantly positively correlated to grass aboveground biomass ()LJF). The relationship between
soil respiration and aboveground biomass was weak
()LJ G), appearing highest soil respiration in
SUG79 with moderate aboveground biomass (i.e.,
304 g m-2). We did not determine any significant
dependence of soil N2O emission on stocking rate
and above ground biomass.

DISCUSSION
&DUERQ GLR[LGH &hanges in soil respiration
under global change and intensifying human activities (e.g., land farming and grazing) may change the
functions of steppe ecosystem as sinks to sources of
atmospheric CO2. Soil CO2 emission rates (2±216
PJ&PK) under different conditions at investigated steppes were comparable with reported fluxes
(1-198PJ & P K) in Eurasia steppes[10,25-28]
and North America prairies[29-31]. However, mean
CO2 emission rates (average: 63 ± 18 PJ&PK
UDQJH39±91 PJ&PK) were significantly higher
than annual average fluxes (average: 44 ± 5PJ&P
 
K UDQJH6±114 PJ&PK)[32]. This is mainly
because simulated temperatures and moistures
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confirmed the similar results in field measurements[6]. Light grazing did not decreased soil-air
permeability (ungrazed: 4.36 cm s-1; lightly-grazed:
4.48 cm s-1) and light disturbance most possibly
promoted soil methanotrophs activities. Generally,
soil microbial activities are positively with plant or
root biomass, and aboveground biomass of ungrazed
and lightly-grazed plots were at a comparable level.
On the contrary, soil-air permeability significantly
declined in continuously grazing and short-term
high-insensitive grazing practices[6]. Moreover,
heavy grazing significantly reduced aboveground
biomass by more than 80%, which indicates
activities of soil oxidation were greatly inhibited.
Therefore, light grazing practices are suggested to
maintain soil CH4 sink function in semiarid steppes.

of two major components of soil respiration in
overgrazing practices. On the one hand, heavygrazing could induce the decline of steppe
underground biomass [35], which is positively
linked to autotrophic respiration of plant roots. As
the substrates of heterotrophic respiration, on the
other hand, the soil organic matter content is
significantly reduced by long-term overgrazing that
widely
occurred
in
most
temperate
grasslands[38,39]. In addition, the differences of soil
respiration rates between ungrazed and heavily
grazed steppes were generally most distinct under
favorable environmental conditions, e.g., both high
temperature and moisture ()LJEDQG)LJE). Root
metabolism and soil microbial activities in such
conditions should reach the maximum to widen the
gaps of soil respiration.
Methane. Temperate grasslands are important
global soil sinks for atmospheric CH4 because they
cover approximately10% of the global land area>@
(White et al., 2000) and most function as significant
CH4 sinks >@.Negative CH4 fluxes from soil core
incubation indicate the uptake by steppes, which are
consistent with field measurements in this region[6,
14,18]. The CH4 uptake rates (10± ȝJ & P-2) in
investigated steppes fall in the range of different
ecosystems in arid and semiarid regions (2±ȝJ
C m-2 h-1), including deserts, prairies, croplands and
steppes[6,7,40,41].
For individual steppe plot, the CH4 uptake was
lowest at 5 °C with 30% in soil moisture because
both the activity of soil methanotrophs was greatly
inhibited under low temperature and the soilatmospheric diffusion can be obviously decreased by
high water conditions [41]. The estimated Q10 of CH4
uptake rate (1.0) based on incubation measurements
is comparable with reported values in temperate
ecosystems (1.0±2.0), but obviously lower than that
in field observation (range: 1.4±2.1)[6]. The smaller
range of simulated temperatures might weaken the
temperature sensitivity of Q10 as compared to annual
variation of air temperature (-29°C to 29 °C). As
another important environmental factor, soil
moisture could affect both activities of
methanotrophs and air diffusion rates[42], and the
most suitable soil moisture have been suggested to
be approximately 10% in previous studies. This
study did not statistically identify significant effect
of soil moisture on CH4 uptake among 5%, 12.5%
and 20% considering the spatial variations. However,
the highest uptake rates were determined under 12.5%
at ungrazed or lightly grazed plots, indicating the
possible interaction effect with grazing practices.
Light-grazing with stocking rate < 1 sheep ha-1
could kept or promote soil CH4 uptake at steppes,
while heavy grazing with stocking rate > 2 sheep ha1
significantly reduced the uptake ability ()LJ D).
This phenomenon based on soil core experiment



Nitrous oxide. Temperate semiarid grasslands
have been identified as sources of N2O, andN2O
emissions mainly occur during spring thaw period
>@. The pulse peak of N2O emission was up to
ȝJ 1 P-2 h-1 and highest daily average of N2O
fluxes was 51ȝJ 1 P-2 h-1>@. The N2O emission
rates from soil core incubation (0±ȝJ 1 P-2 h-1)
fall in the range of previous studies. In this study,
however, the set temperatures and moistures represent the fluctuations of meteorology conditions during the growing season, but did not simulate the
process of freeze-thaw cycles. Field measurements
showed that most N2O fluxes during the growing
VHDVRQ ZHUH ORZHU WKDQ ȝJ 1 P-2 h-1, but the
PD[LPXP UHDFKHG ȝJ N m-2 h-1 after a strong
rainfall[10]. In soil core incubation, high N2O
emission rates were only observed under high soil
moisture (30% or 20%) and temperature (20 °C),
while very weak emission in other conditions, i.e., <
ȝJ1P-2 h-1 in Stipa grandis steppes and < 20ȝJ
N m-2 h-1 in Leymus chinensis steppes, respectively.
Although soil-air diffusion is reduced with high soil
moisture, the potential of N2O emissions is generally
enhanced because they can generate anerobic
conditions for N2O production by denitrification in
many studies[7,43]. Moreover, higher soil
temperature could also promote the activities of soil
denitrification bacteria. Therefore, these phenomena
suggest soil capacity of N2O production was mostly
like the dominant drive of N2O emissions in semiarid
steppes, which also accounts for the N2O pulse
appearance in the wetting-drying or freezingthawing events.
Our results showed heavy-grazing significantly
promote N2O emission at high soil moisture and
temperature levels ()LJ F DQG )LJ F), although
grazing did not have significant effect on N2O
emission rate if considering all simulated conditions.
On the one hand, long-term or intense animal
trampling can severely compact topsoil and thus
easily form more anaerobic areas for N2O production
with similar simulated rainfall addition [43]. On the
other hand, sheep feces in heavily-grazed plots were
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obviously more than other plots. Animal feces
themselves with high organic matter are hotspots of
N2O emissions and suitable moisture and
temperature conditions could promote the release to
atmosphere [44, 45, 46]. Furthermore, the feces
nutrient by leaching with rainfall may provide more
reaction substrates for soil denitrification bacteria.
Due to the widespread overgrazed plots in semiarid
steppes especially in Inner Mongolia[11] and weak
N2O emissions in spring thaw>@, the estimation of
regional N2O emissions in annual scale should focus
on the N2O pulses in wetting dry soils or rewetting
events at heavily-grazed steppes.

the roles of N2O and CH4will be increased. On the
other hand, the result indicates the potential of steppe
soil CH4 sink function can be offset by N2O emission,
especially in over-grazed plots. The reason is heavygrazing could significantly reduce the potential of
soil CH4 sink and enhance the potential of soil N2O
sources. On the contrary, light and moderate grazing
could kept soil sink and source functions of CH4 and
reduce N2O emission during the growing season.

CONCLUSION
$W WHPSHUDWH VHPLDULG VWHSSHV KLJK WHPSHUDWXUH   °C  DQG PRLVWXUH    VLJQLILFDQWO\
SURPRWHGWKHSRWHQWLDOVRIVRLO&2DQG12HPLVVLRQV ZKLOH KLJK WHPSHUDWXUH   °C  ZLWK
PRGHUDWHPRLVWXUH  ZDVPRUHFRQGXFWLYHWR
DEVRUE DWPRVSKHULF &+ 7KH LQFUHDVH LQ VWRFNLQJ
UDWH JUDGXDOO\ UHGXFHG ERWK VRLO &2 HPLVVLRQ DQG
&+XSWDNHZLWKWKHVLJQLILFDQWGLIIHUHQFHDSSHDUHG
ZKHQVWRFNLQJUDWHRI!VKHHSKD\U7KHKLJK
SRWHQWLDO RI 12 HPLVVLRQV ZHUH RQO\ REVHUYHG DW
KHDYLO\JUD]HGVWHSSHVXQGHUKLJKWHPSHUDWXUH DQG
PRLVWXUHFRQGLWLRQVZKLFKLQGLFDWHVWKHLPSRUWDQFH
RI ZHWWLQJ GU\ VRLO RU UHZHWWLQJ WR 12 SXOVH )RU
ZLGHVSUHDGRYHUJUD]HGVWHSSHVRXUVWXGLHVVXJJHVW
WKDWWKHFKDQJHIURPKHDY\JUD]LQJSUDFWLFHVWROLJKW
DQGPRGHUDWHJUD]LQJFRXOGEHEHQHILWWRUHFRYHUVRLO
VLQN IXQFWLRQV RI &+ DQG UHGXFH N2O emission
during the growing season.

7RWDOVRLO*+*HPLVVLRQV. The total emissions
of soil GHG (i.e., CO2, CH4 and N2O) varied from
1492 to 3340 kg CO2 eq. haí1 in investigated
semiarid steppes (7DEOH ). Of total GWPs of soil
GHG emissions, CO2 emission, CH4 uptake and N2O
emission averagely contributed 98%, -0.5% and
2.5%, respectively. On the one hand, this means total
soil GHG emissions were dominated by CO2
emissions and grazing effect on soil GHG emissions
was depended on CO2 change in different grazing
practices. There was clear decreasing trend of total
soil GHG emissions with increasing stocking rate
()LJ ) Compared to the ungrazed steppes (i.e.,
average of SUG79 and LUG), lightly grazed (LLG),
moderately grazed (LMG) and heavily grazed (i.e.,
average of SCG and LHG) were significantly
reduced by 26%, 31% and 41%, respectively (Table
1). Nevertheless, the net CO2 exchanges should also
consider CO2 uptake by plant photosynthesis, thus

),*85(
'HSHQGHQFHRIWRWDOVRLO*+*HPLVVLRQVXSRQVWRFNLQJUDWHDWVWHSSHV
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DQG WLPLQJ RI QDWXUDO LQWHUDQQXDO UDLQIDOO
(FRORJLFDO,QIRUPDWLFV±
[10] &KHQ : =KHQJ ; &KHQ 4 :ROI %
%XWWHUEDFK%DKO.%UXJJHPDQQ1DQG/LQ
6  (IIHFWVRILQFUHDVLQJSUHFLSLWDWLRQDQG
QLWURJHQGHSRVLWLRQRQ&+DQG12IOX[HVDQG
HFRV\VWHP UHVSLUDWLRQ LQ D GHJUDGHG VWHSSH LQ
,QQHU 0RQJROLD &KLQD *HRGHUPD  

[11] 7RQJ,&:X,-<RQJ,6<DQJ,-DQG<RQJ,:
 $ ODQGVFDSHVFDOHDVVHVVPHQWRIVWHSSH
GHJUDGDWLRQ LQ WKH ;LOLQ 5LYHU %DVLQ ,QQHU
0RQJROLD&KLQD-RXUQDORI$ULG(QYLURQPHQWV
±
[12] *DR < &KHQ 4 6KDQ / *LHVH 0 DQG
%UXHFN +   5HVRXUFH PDQLSXODWLRQ
HIIHFWV RQ QHW SULPDU\ SURGXFWLRQ ELRPDVV
DOORFDWLRQ DQG UDLQXVH HIILFLHQF\ RI WZR
VHPLDULG JUDVVODQG VLWHV LQ ,QQHU 0RQJROLD
&KLQD3K\VLRORJLFDO(FRORJ\±
[13] 6X < /L < &XL - DQG =KDR :  
,QIOXHQFHVRIFRQWLQXRXVJUD]LQJDQGOLYHVWRFN
H[FOXVLRQRQVRLOSURSHUWLHVLQDGHJUDGHGVDQG\
JUDVVODQG ,QQHU 0RQJROLD QRUWKHUQ &KLQD
&$7(1$±
[14] :DQJ<;XH0=KHQJ;-L%'X5DQG
:DQJ <   (IIHFWV RI HQYLURQPHQWDO
IDFWRUV RQ 12 HPLVVLRQ IURP DQG &+XSWDNH
E\WKHW\SLFDOJUDVVODQGVLQWKH,QQHU0RQJROLD
&KHPRVSKHUH±
[15] <RX / 6KHQ - DQG 3HL +   &OLPDWH
FKDQJHLQ,QQHU0RQJROLDLQUHQW\HDUVDQGD
SURVSHFW IRU  \HDUV LQ IXWXUH ,QQHU
0RQJROLD0HWHRURORJ\± LQ&KLQHVH 
[16] /LDQJ(<6KDR ;0 +X <; DQG /LQ
-;   'HQGURFOLPDWLF HYDOXDWLRQ RI
FOLPDWHJURZWK UHODWLRQV RI 0H\HU VSUXFH
3LFHDPH\HUL RQDVDQG\VXEVWUDWHLQWKHVHPL
DULGJUDVVODQGQRUWK&KLQD7UHHV±
[17] 4L,<& 'RQJ,<6<DQJ, ;+ *HQJ,<%
/LX,/;DQG/L,0)  (IIHFWVRIJUD]LQJ
RQFDUERQGLR[LGHDQGPHWKDQHIOX[HVLQW\SLFDO
WHPSHUDWH JUDVVODQGLQ,QQHU 0RQJROLD&KLQD
5HVRXUFHV6FLHQFH± LQ&KLQHVH 
[18] /LX &< +ROVW - %UXJJHPDQQ 1
%XWWHUEDFK%DKO .<DR =<XH - +DQ 6
+DQ;.UXPPHOEHLQ-+RUQ5DQG=KHQJ
;  :LQWHUUD]LQJUHGXFHVPHWKDQHXSWDNH
E\VRLOVLQDVHPLDULGVWHSSHLQ,QQHU0RQJROLD
&KLQD $WPRVSKHULF (QYLURQPHQW  ±

[19] 6FKRQEDFK, 3 :DQ, + *LHUXV, 0 %DL, <
0XOOHU, ) /LQ, / 6XVHQEHWK, $ DQG 7DXEH,
)  *UDVVODQGUHVSRQVHVWRJUD]LQJHIIHFWV
RIJUD]LQJLQWHQVLW\DQGPDQDJHPHQWV\VWHPLQ
DQLQQHU0RQJROLDQVWHSSHHFRV\VWHP3ODQWDQG
6RLO±
[20] <DR, = :ROI, % &KHQ, : %XWWHUEDFK%DKO,
. %UXJJHPDQQ, 1 :LHVPHLHU, 0
'DQQHQPDQQ, 0 %ODQN, % DQG =KHQJ,
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'DQQHQPDQQ0+DQ;6XWWRQ0$:X+
<DR=DQG%XWWHUEDFK%DKO.  *UD]LQJ
LQGXFHG UHGXFWLRQ RI QDWXUDO QLWURXV R[LGH
UHOHDVH
IURP
FRQWLQHQWDO
VWHSSH1DWXUH  
[5] %\UQH.$.LHO\*DQG/HDK\3  &2
 IOX[HV LQ DGMDFHQW QHZ DQG SHUPDQHQW
WHPSHUDWH JUDVVODQGV$JULFXOWXUDO DQG )RUHVW
0HWHRURORJ\  
[6] &KHQ : :ROI % =KHQJ ; <DR =
%UXJJHPDQQ1%XWWHUEDFK%DKO./LX&
+DQ 6 DQG +DQ ;   $QQXDO PHWKDQH
XSWDNHE\WHPSHUDWHFRQWLQHQWDOVWHSSHVXQGHUD
VHPLDULGFOLPDWHDVUHJXODWHGE\VWRFNLQJUDWHV
SODQW JURZWK DQG VRLODLU SHUPHDELOLW\ *OREDO
&KDQJH%LRORJ\±
[7] 0RVLHU, $.5. 3DUWRQ, :.-. 9DOHQWLQH, '.:.
2MLPD, '.6 6FKLPHO, '.6. DQG 'HOJDGR,
-.$.  &+DQG12IOX[HVLQWKH&RORUDGR
VKRUWJUDVV VWHSSH  ,PSDFW RI ODQGVFDSH DQG
QLWURJHQ DGGLWLRQ *OREDO %LRJHRFKHPLFDO
&\FOHV±
[8] $OODUG, 9. 6RXVVDQD, -.). )DOFLPDJQH,
5.,%HUELJLHU3%RQQHIRQG-0DQG&HVFKLD
(  7KHUROHRIJUD]LQJPDQDJHPHQWIRUWKH
QHW ELRPH SURGXFWLYLW\ DQG JUHHQKRXVH JDV
EXGJHW &2 12 DQG &+  RI VHPLQDWXUDO
JUDVVODQG $JULFXOWXUH (FRV\VWHPV

(QYLURQPHQW±
[9] +DR<:DQJ< 0HL ; &XL ; =KRX ;
DQG +XDQJ ;   7KH VHQVLWLYLW\ RI
WHPSHUDWHVWHSSH&2H[FKDQJHWRWKHTXDQWLW\
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VRLO UHVSLUDWLRQ ZLWK DELRWLF IDFWRUV LQ SUDLULH
JUDVVODQGV*OREDO &KDQJH %LRORJ\  ±

[32] :DQJ,:DQG)DQJ,-  6RLOUHVSLUDWLRQDQG
KXPDQHIIHFWVRQJOREDOJUDVVODQGV*OREDODQG
3ODQHWDU\&KDQJH±
[33] 5DLFK -: 3RWWHU &6 DQG %KDJDZDWL
'   ,QWHUDQQXDO YDULDELOLW\ LQ JOREDO VRLO
UHVSLUDWLRQ±*OREDO&KDQJH%LRORJ\
±
[34] )UDQN $% /LHELJ 0$ DQG +DQVRQ
-'   6RLO FDUERQ GLR[LGH IOX[HV LQ
QRUWKHUQVHPLDULGJUDVVODQGV6RLO%LRORJ\DQG
%LRFKHPLVWU\±
[35] &DR,*07DQJ,<+0R,:+:DQJ,<6
/L,<1DQG=KDR,;4  *UD]LQJLQWHQVLW\
DOWHUV VRLO UHVSLUDWLRQ LQ DQ DOSLQH PHDGRZ RQ
WKH 7LEHWDQ SODWHDX 6RLO %LRORJ\ DQG
%LRFKHPLVWU\±
[36] .OXPSS, . 6RXVVDQD, -) DQG )DOFLPDJQH,
5  (IIHFWVRISDVWDQGFXUUHQWGLVWXUEDQFH
RQ FDUERQ F\FOLQJ LQ JUDVVODQG PHVRFRVPV
$JULFXOWXUH(FRV\VWHPVDQG(QYLURQPHQW
±
[37] =RX, &- :DQJ, .< :DQJ, 7+ DQG ;X,
:'   2YHUJUD]LQJ DQG VRLO FDUERQ
G\QDPLFV LQ HDVWHUQ ,QQHU 0RQJROLD RI &KLQD
(FRORJLFDO5HVHDUFK±
[38] 6FKRQEDFK, 3 :ROI, % 'LFNKRIHU, 8
:LHVPHLHU,0&KHQ,::DQ,+*LHUXV,0
%XWWHUEDFK%DKO,
..RJHO.QDEQHU
,
6XVHQEHWK$ =KHQJ ; DQG 7DXEH )  
*UD]LQJHIIHFWVRQWKH JUHHQKRXVH JDVEDODQFH
RI D WHPSHUDWH VWHSSH HFRV\VWHP 1XWULHQW
&\FOLQJ$JURHFRV\VWHP±
[39] 0F6KHUU\,0DQG5LWFKLH,0(  (IIHFWV
RI JUD]LQJ RQ JUDVVODQG VRLO FDUERQ GHQVLW\ D
JOREDO UHYLHZ *OREDO &KDQJH %LRORJ\ 
±
[40] 6WULHJO
5*
0F&RQQDXJKH\
7$
7KRUVWHQVRQ'&:HHNV(3DQG:RRGZDUG
-&   &RQVXPSWLRQ RI DWPRVSKHULF
PHWKDQHE\GHVHUWVRLOV1DWXUH±
[41] *DOEDOO\/(.LUVWLQH:90H\HU&3DQG
:DQJ <3  6RLODWPRVSKHUH WUDFH JDV
H[FKDQJHLQVHPLDULGDQGDULG]RQHV-RXUQDORI
(QYLURQPHQWDO4XDOLW\±
[42] 5LGJZHOO, $- 0DUVKDOO, 6- DQG *UHJVRQ,
.  &RQVXPSWLRQRIDWPRVSKHULFPHWKDQH
E\ VRLOV $ SURFHVVEDVHG PRGHO*OREDO
%LRJHRFKHPLFDO&\FOHV±
[43] 6WHIIHQV 0 .ROEO $ 7RWVFKH .8 DQG
.RJHO.QDEQHU,  *UD]LQJHIIHFWVRQVRLO
FKHPLFDO DQGSK\VLFDOSURSHUWLHVLQD VHPLDULG
VWHSSH RI ,QQHU 0RQJROLD 35 &KLQD 
*HRGHUPD±
[44] (OOLV, 6 :HEE, - 0LVVHOEURRN, 7
DQG&KDGZLFN, '   (PLVVLRQ RI DPPRQLD
1+ QLWURXVR[LGH 12 DQGPHWKDQH &+ 
IURPDGDLU\KDUGVWDQGLQJLQWKH8.1XWULHQW

;   6SDWLDO YDULDELOLW\ RI 12 &+ DQG
&2IOX[HVZLWKLQWKH;LOLQ5LYHUFDWFKPHQWRI
,QQHU 0RQJROLD &KLQDD VRLO FRUH VWXG\ 3ODQW
DQG6RLO±
[21] =KHQJ;0HL%:DQJ<;LH%:DQJ<
'RQJ+;X+&KHQ;&DL=<XH-6X
) DQG =RX -   4XDQWLILFDWLRQ RI 12
IOX[HVIURPVRLOSODQWV\VWHPVPD\EHELDVHGE\
WKH DSSOLHG JDV FKURPDWRJUDSK PHWKRGRORJ\
3ODQWDQG6RLO±
[22] :DQJ < :DQJ < /LQJ +   $ QHZ
FDUULHU JDV W\SH IRU DFFXUDWH PHDVXUHPHQW RI
12 E\ DQ HOHFWURQ FDSWXUH GHWHFWRU$GYDQFHV
LQ$WPRVSKHULF6FLHQFH±
[23] .URRQ 36 +HQVHQ $ %XON :&0
-RQJHMDQ 3$& DQG 9HUPHXOHQ $7  
7KHLPSRUWDQFHRIUHGXFLQJWKHV\VWHPDWLFHUURU
GXHWRQRQOLQHDULW\LQ12IOX[PHDVXUHPHQWV
E\ VWDWLF FKDPEHUV 1XWULHQW &\FOLQJ LQ
$JURHFRV\VWHPV±
[24] ,3&&  &RQWULEXWLRQRI:RUNLQJ*URXS,WR
WKH )RXUWK $VVHVVPHQW 5HSRUW RI WKH
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH
&OLPDWH &KDQJH  7KH 3K\VLFDO 6FLHQFH
%DVLV&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH
8.±
[25] &XL ;< &KHQ 64 DQG &KHQ ==  
&2UHOHDVHIURPW\SLFDO6WLSDJUDQGLVJUDVVODQG
VRLO &KLQHVH -RXUQDO RI$SSOLHG (FRORJ\ 
± LQ&KLQHVH 
[26] -LD %5 =KRX *6 DQG <XDQ :3  
0RGHOLQJ DQG FRXSOLQJ RI VRLO UHVSLUDWLRQ DQG
VRLO ZDWHU FRQWHQW LQ IHQFHG /H\PXVFKLQHQVLV
VWHSSH,QQHU0RQJROLD (FRORJLFDO0RGHOOLQJ
±
[27] :DQJ: *XR -; DQG 2LNDZD 7  
&RQWULEXWLRQ RI URRW WR VRLO UHVSLUDWLRQ DQG
FDUERQ EDODQFH LQ GLVWXUEHG DQG XQGLVWXUEHG
JUDVVODQG FRPPXQLWLHV QRUWKHDVW &KLQD
-RXUQDORI%LRVFLHQFHV±
[28] *RQJ-:DQJ</LX0+XDQJ<<DQ;
DQG=KDQJ=  (IIHFWVRIODQGXVHRQVRLO
UHVSLUDWLRQ LQ WKH WHPSHUDWH VWHSSH RI ,QQHU
0RQJROLD &KLQD 6RLO DQG 7LOODJH 5HVHDUFK
±
[29] %UHPHU '- +DP -0 2ZHQVE\ &( DQG
.QDSS $.   5HVSRQVHV RI VRLO
UHVSLUDWLRQWRFOLSSLQJDQGJUD]LQJLQDWDOOJUDVV
SUDLULH -RXUQDO RI (QYLURQPHQWDO 4XDOLW\ 
±
[30] =KRX;+6KHUU\5$$Q<:DOODFH//
DQG /XR <4  0DLQ DQG LQWHUDFWLYH
HIIHFWV RI ZDUPLQJ FOLSSLQJ DQG GRXEOHG
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new antibiotics and their production have been the
center of attention of scientists. Many groups of
microorganisms are capable of producing
biologically active metabolites. Actinomycetes are
gram positive bacteria and the ones are well-known
that especially streptomycetes are a prime source of
antibiotics.
The production of metabolites is influenced
with several physical and nutritional factors and
therefore the optimization of fermentation medium
composition is of critical importance to develop the
yield and make the process cost-effective. Recently,
it has considered that statistically planned
experiments are more advantage than a traditional
method the one-variable-at-a-time (OVAT) [1]. In
optimization of fermentation medium statistical
experimental designs have been preferred by
researchers in the recent times [1-4]. This method
can be applied at various parts of an optimization
strategy, such as for screening experiments or for
determination the optimum conditions for targeted
response(s).
Initially to determine whether medium
components are significant effect on product
formation Plackett-Burman design can be used as a
tool. There are a number of reports in which the
Plackett-Burman design has been used to screen the
factors in a fermentation medium in shake flask
[2,4-6]. After finding the critical factors, the next
step is to optimize the concentrations of these
components in the growth medium. For this
purpose full factorial design could be used.
In the present study, a statistical approach has
been employed for which a Plackett-Burman design
is used for identifying significant variables effecting
antibiotic production by airborne actinomycete
Streptomyces sp, isolated from outdoor environment
of Eskisehir/Turkey.

ABSTRACT
The aim of this study was to optimize
antibiotic production from airborne actinomycete,
Streptomyces sp. isolated from atmosphere of
Eskisehir, using experimental design as statistical
method. The Plackett-Burman screening method
was evaluated as a means to assess the significance
chosen eleven factors, including starch, glucose,
glycerol, casein, soybean peptone, meat peptone,
K2HPO4, KH2PO4, MgSO4, NaCl, and CaCO3. The
Plackett-Burman design showed that three factors
(starch, casein and soybean peptone) were the most
convenient contents as carbon and protein sources
for biosynthesis of antimicrobial metabolites. To
find appropriate concentration of these factors were
varied at three levels in 27 experiments using full
factorial design. The results of analysis obtained by
using SPSS statistical software, noted that the
optimum combination of the three factors for
maximum efficiency of the antibiotic determined
as follows concentration of carbon source (starch)
10g/l, concentration of nitrogen sources (soybean
peptone and casein) 5g/l.

KEYWORDS:
Plackett-Burman
actinomycete,

design,

full

factorial

design,

INTRODUCTION
Antibiotics are natural compounds released by
bacteria and fungi into their environment, against
other organisms. The quality of human life has
increased greatly subsequent to the discovery of
antibiotic. Hence the discovery of novel antibiotics
has very importance for the humanity and
pharmaceutical industry. Consequently, the
screening of microorganisms for the discovery of
2583
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TABLE 1
Medium components and their levels used in Plackett-Burman experimental design
Medium components

1
2
3
4
5
6
7
8
9
10
11

Level
Concentration g/l
í
5
5
10
0
0
0
0
0
0
0
0

Glucose
Starch
Glycerol
Soybean Peptone
Casein
Meat Peptone
K2HPO4
KH2PO4
MgSO4
NaCl
CaCO3

+
25
20
25
10
2
10
0,6
0,6
1
5
6

TABLE 2
Placket- Burman matrix screening experiments
Variables
a Glucose
b Starch
c Glycerol
dSoybean peptone
e Casein
f Meat peptone
g K2HPO4
h KH2PO4
ÕMgSO4
j NaCl
k CaCO3
Response:
Zone diameter (mm)

R1
+1
+1
í
+1
+1
+1
í
í
í
+1
í
17.35

RUN(R)
R5
+1
+1
í
í
í
+1
í
+1
+1
í
+1

R2
+1
í
+1
+1
+1
í
í
í
+1
í
+1

R3
í
+1
+1
+1
í
í
í
+1
í
+1
+1

R4
+1
+1
+1
í
í
í
+1
í
+1
+1
í

25.80

25.75

15.45

20.68

R6
+1
í
í
í
+1
í
+1
+1
í
+1
+1

R7
í
í
í
+1
í
+1
+1
í1
+1
+1
+1

R8
í
í
+1
í
+1
+1
í
+1
+1
+1
í

R9
í
+1
í
+1
+1
í
+1
+1
+1
í
í

R10
+1
í
+1
+1
í
+1
+1
+1
í
í
í

R11
í
+1
+1
í
+1
+1
+1
í
í
í
+1

R12
í
í
í
í
í
í
í
í
í
í
í

22.68

23.95

15.75

24.15

10.00

22.00

11.70

inoculated with seed culture at a concentration of
5% (w/w). Fermentation process was carried out
into 250 ml flasks with 50 ml fermentation medium
in duplicates. The flasks have incubated on the
rotary shaker at 180 rpm and 28°C for six days. The
level of studied components for each run was
maintained according to the experimental plan
given in Table 1 and 2.

MATERIALS AND METHODS
Microorganisms. The airborne actinomycete
strain 2.22.2 used in this study was previously
isolated from atmosphere of Eskisehir/Turkey [7].
It has been identified as Streptomyces sp. at genus
level based on 16S ribosomal RNA gene
sequencing and deposited in the GenBank with the
accession number KR604713. Antibiotic activity
ability of them was determined against the bacterial
indicator strain, Bacillus subtilis NRRL B-209
using the assay of minimum inhibition
concentration on previous study [8] and pure
culture was maintained at 4°C on Czapeck Agar.
Bacillus subtilis NRRL B-209 used for antibiotic
assay was maintained on Mueller Hinton Agar
(MHA) slants. The NRRL culture was provided by
the Agricultural Research Service Culture
Collection at the National Center for Agricultural
Utilization Research, Agricultural Research
Service, U.S. Department of Agriculture.

Antibiotic Assay. Antibiotic assays were
carried out by agar diffusion method against
Bacillus subtilis NRRL B-209 in triplicates
[4,10,11]. Briefly, the suspension was adjusted to
0·5 McFarland turbidity standards B. subtilis was
applied to the entire surface MHA plates [12]. The
wells (6 mm) cut out of the agar were filled with the
20 μl supernatant which was obtained by
centrifugation of fermentation medium. It was
allowed that the supernatants diffused from well
into MHA agar medium that contains test
organisms. Then, it was incubated at 28°C for 1624 hours. Amount of antibiotic was evaluated as
diameter of the zones (mm). The appearance of a
zone of inhibition surrounding the well indicates
presence of antibiotic.

Inoculum and Culture Conditions. The
composition of seed medium was (g/l) soy meal,
20; glucose, 30; K2HPO4, 0.5; NaCl, 0.5; CaCO3,
and pH was adjusted to 6.8 even before sterilization
[9]. And then inoculating the medium Streptomyces
sp. 2.22.2 was incubated on a rotary shaker at 180
rpm and 28°C for 2 days. The medium was

Plackett-Burman Design. The Plackett±
Burman design was used for screening of total of 11
medium components comprising three sources of
2584
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coefficients and significance (p values) have been
carried out. The medium components having
positive and highest t value are considered to be the
best nutrients.

carbon, three sources of nitrogen and five sources
of minerals which have significant effects on
biosynthesis of antibiotic. The statistical design is a
two-factorial design and allows the investigation of
µQ-¶YDULDEOHVLQDWOHDVWµQ¶H[SHULPHQWV [13] It is
based on the first-order polynomial model:
Y = ȕ0  ȕ1 X1
where Y is the response (zone diameter), ȕ0 is
the model intercept, and ȕ1 the variable estimates.
This model GRHVQ¶W GHVFULEH interaction among
factors, and it is used to screen and evaluate the
important factors that influence antibiotic
production. Each of the independent variables was
tested at two levels, a low level (-) and a high level
(+) (Table 1).

RESULTS AND DISCUSSION
The first optimization step used 12-run PB
design to identify the significant factors for
antibiotic production by Streptomyces sp.
According to the resulting effects of these variables
on antibiotic concentration and the associated
significant levels presented in Table 5, casein,
starch, soybean peptone, MgSO4, NaCl, CaCO3in
the tested range were identified to have significant
effects on tic antibiotic biosynthesis.

Full Factorial Design. A full factorial design
tests every combination of each factor level [14] . In
this study, a 33 factorial experimental design was
used to investigate effects with three levels of two
carbon and a nitrogen sources effected on
production of antibacterial substance. The selected
components were starch, casein and soy peptone
determined to significantly effects on the antibiotic
production by using the Plackett-Burman
experimental design. For this purpose, three levels
of starch, casein and soy peptone concentrations
were addressed. The model for a
factors each at three levels) is:
y

TABLE 4
Full Factorial Design for 3 variables
RUN
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

33 factorial (three

E 0  E1 x1  E 2 x2  E3 x3  E12 x1 x2  E13 x1 x3  E 23 x2 x3  E123 x1 x2 x3  H .

Since each factor occurs at only three levels,
we can include only linear terms in the main effects.
Where

E1 x1 , E 2 x2

and

E 3 x3

are called main

effects of each factors respectively. The terms

E12 x1 x2 , E13 x1 x3

and

E 23 x2 x3

give a measure of

interactions of the variables taken in pairs. The term

E123 x1 x2 x3

is a three-way interaction [15].

Each experiment was performed with two
repetitions. The variable levels which were
addressed in the experiments are given in Table 3.
Thus the total number of experiments performed
was 27 (Table 4 ).

1
2
3

Starch
Casein
Soy
peptone

Starch
-1
-1
-1
-1
-1
-1
-1
-1
-1
0
0
0
0
0
0
0
0
0
+1
+1
+1
+1
+1
+1
+1
+1
+1

Variable
Casein Soy peptone
-1
-1
-1
0
-1
+1
0
-1
0
0
0
+1
+1
-1
+1
0
+1
+1
-1
-1
-1
0
-1
+1
0
-1
0
0
0
+1
+1
-1
+1
0
+1
+1
-1
-1
-1
0
-1
+1
0
-1
0
0
0
+1
+1
-1
+1
0
+1
+1

Zone
diameter (mm)
24
24
23
21
23
20
23
21
21
23
23
23
23
23
21
22
24
22
25
24
22
23
23
21
18
21
16

TABLE 5
Effect estimates on production of antibiotic from
Plackett-Burman design

TABLE 3
Variables Screened in Full Factorial Design
Variables

Fresenius Environmental Bulletin

Low
level
(-)g/l

Control
(0) g/l

High
level
(+) g/l

5
5

10
10

30
30

1
2
3

5

10

30

4
5
6

Data Analysis. Experiment results were
analyzed in SPSS package software. The data
obtained by Plackett-Burman design were subjected
to statistical analysis. The regression coefficients of
the individual ingredients on the yields (zone
diameter), the t-values for these regression

7
8
9
10
11

2585

Variables
Factor
Intercept
Glucose
Starch
Glycerol
Soybean
Peptone
Casein
Meat
Peptone
K2HPO4
KH2PO4
MgSO4
NaCl
CaCO3

Regression
Coefficients
11,751(constant)
-0,201
0,257
-0,074

Relative
t-test
-7,850
10,059
-2,895

Significance
p value
0,000
0,000
0,000
0,006

0,306

11,969

0,000

0,313

12,237

0,000

-0,249

-9,730

0,000

0,020
0,040
0,253
0,098
0,732

0,776
0,443
1,552
0,129
9,879
0,000
3,820
0,001
28,594
0,000
SVLJQLILFDQW
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Streptomyces sp. 2.22.2. Full factorial designs are
the smallest capable of providing detailed
information on factor interactions such as
antagonistic or synergistic effects [14]. According
to Plackett-Burman design inorganic substances
that increase antibiotic production is kept constant
at the highest levels. Accordingly, the three
variables, namely concentration of starch, soybean
peptone and casein, which were found to be the
most important, were varied each at three different
levels. Thus, a total of 27 (33) experiments were
performed in duplicate (Table 4). Table 4 also
shows the obtained results in terms of zone
diameter. As clearly seen, maximum zone diameter
(25 mm) was obtained in 19th experiment, i.e. high
starch concentration (30 g/l), low soybean peptone
(5 g/l) and casein (5 g/l) levels. Gupte and Kulkarni
found that moderate glucose and soybean meal
level had positive effect on the antifungal antibiotic
production by Streptomyces chattanoogensis [16].
They also reported that low glucose and moderate
soybean meal level have significant effect on the
antifungal
antibiotic
production
by
Thrmomonospora sp. MTCC 3340 [19].
Estimation of the average effect, the main
effects (i.e. the effect of each individual variable on
the response) and the two and higher order
interactions was made by means of the statistical
package SPSS. The results are presented in Table 6
for zone diameter. The main effects of starch,
casein and soybean peptone concentrations were
significant (P< 0.05). In addition, the bilateral
interaction effect of starch, casein and soybean
peptone concentrations were insignificant on
antibiotic production.

Actinomycetes are able to utilize a great
variety of organic compounds as sources of energy.
These compounds include organic acids, sugars,
starches, hemicelluloses ,cellulose, proteins,
polypeptides, and amino acids. There is a
considerable selectivity in the utilization of these
substances by different kinds of actinomycetes [16].
Furthermore, the various carbon and nitrogen
sources are very important components of culture
media for higher antibiotic yield from
actinomycetes.
Primarily, effects of 11 medium components,
including carbon and nitrogen sources on antibiotic
production were screened in 12 combinations with
two levels. Table 2 presents the Plackett-Burman
statistical design matrix and the results of the rate
of produced antibiotic, as zone diameter, from
experiments. The data on antibiotic production in
screening experiments at 144 h fermentation
showed a wide range from 10.00 mm to 25.80 mm
as zone diameters. On analysis of regression
coefficients and t-values 11 components [a positive
effect of them and (S  significant] for
antibiotic production were starch, soybean peptone,
casein, MgSO4, NaCl and CaCO3 (Table 5). It was
found that among carbon sources studied, starch
were considered to significantly influence on
increasing of antibiotic production (p<0.05,
regression coefficient positive and t test
significant). The effects of glucose and glycerol
were in the direction of decreased production of
antibiotic (p<0.05, regression coefficient negative
and t test significant). Among studied nitrogen
sources, casein and soybean peptone, increased
antibiotic production. But meat peptone had
negative regression coefficient and t value although
it was significance (p<0.05). The other components
of fermentation medium studied, MgSO4, NaCl,
CaCO3 significantly influenced on increasing of
antibiotic production. However K2HPO4 and
KH2PO4 did not affect considering results of
Plackett-Burman design. Because of the fact that p
value was greater than 0.05 for K2HPO4 and
KH2PO4. It showed that no significant differences
were observed for two factors within the test
ranges.
In a research, it was [17] found that increase in
peptone, MgSO4 and trace metal solution of the
medium favored vancomycin production, however,
KH2PO4 was identified as having a strongly
negative effect on specific vancomycin production
by Amycolatopsis orientalis. Starch, pH and
inoculum size which have positive effect on the
production of the active substances by a new
actinomycete strain SK4-6 were found in this work
as well [18] .
In the present work, based on the preliminary
findings of screening of medium components
studied by Plackett-Burman design, a full factorial
design was followed for production of antibiotic by

TABLE 6
Analysis of variance for antibiotic production
Source of
Variation
Model
A: Starch
B: Casein
C:Soy
peptone
AB
AC
BC
ABC
Error
Total

Sum
of
Squares
258.704
42.259
101.148
37.926

26
2
2
2

26.296
9.519
6.963
34.593
97.000
26668,000

4
4
4
8
27
54

DF

Mean
Square
9.950
21.130
50,574
18.963
6.574
2.380
1.741
4.324
3.593

F

Sig

2,770
5,881
14,077
5.278

.005
.008
.000
.012

1.830
.662
.485
1.204

.152
.624
.747
.334

R Squared= 0,727 (Adjusted R squared=,465)

To assess the significance of differences of
each experiment was applied general F test.
However, the test does not give information about
which trials cause differences. Tukey test was used
because of among levels of each independent
variable that are statistically significant a multiple
comparison. At first, it was investigated the effects
between different levels of starch, casein and
soybean peptone concentration which have a
significant effect on antibiotic production. Multiple
comparison results for antibiotic production are
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casein and soy peptone, was significant in
biosynthesis of antibacterial substance by
Streptomyces sp. The best result was achieved
moderate starch, low casein and low soybean
peptone levels to get high amount of antibiotic
production. This study clearly shows that factorial
design was one of the suitable methods to optimize
the best operating conditions for target value of
antibiotic production.

given Table 7 in detail. According to multiple
comparison for zone diameter when the starch
concentration increased from 5 g/l to 10 g/l and 30
g/l, the antibiotic production enhanced 2% and
1.7% on average respectively. Although maximum
zone diameter is determined at the highest
concentration starch, the difference on production
of antibacterial substance (2%, 1.7%) is negligible
since this increasing was insignificant according to
the statistical results (Table 7). When the casein
concentration increased from 5 g/l to 10 g/l and
30g/l the antibiotic production decreased 3% and
2.7% respectively, on average. ,W ZDVQ¶W DIIHFWHG
the production of antibacterial substance by
increasing of soybean peptone concentration from 5
g/l to 10 g/l. However, effects of increasing the
concentration to 30g/l were negative.
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1
-1
0

.2778
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Casein
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(J) Casein Difference
(I-J)
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0

-1
0
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1

2,7222*
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1
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0

(I) soy
peptone
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1
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1
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1.1557
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4.2887

-4.6221 -1.4890
-1.8998 1.2332
-4.2887 -1.1557
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95 % Confidence
Interval
Sig.
Lower Upper
Bound Bound
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1.000 -1.5665 1.5665
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.2113
3.3443
.024
-3.3443 -.2113
.024
-3.3443 -.2113

CONCLUSION
The methodology of Plackett-Burman is very
useful for selecting relevant variables for further
optimization. In this study, 12 experimental runs
were needed to screen the main factors affecting the
production of the antibacterial substance from
eleven factors using Plackett- Burman design. The
results indicated that casein, starch, soybean
peptone, MgSO4, NaCl, and CaCO3 were the main
factors for the production of antibacterial substance.
In this study, a full factorial design experiment was
applied to identify which of the factors starch,
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human health and development of species due to
improvement in resistance of consumers to
antibiotics, their toxic effects, undesired gene
transfer, probability for formation of new toxic
species and viruses, and environmental concerns [35]. Among the most cultivated products are soy,
maize, cotton and canola in certain countries [6, 7].
The most common products cultivated by 23
countries are soy, maize, cotton and canola. The
total size of lands with GMO cultivation has been
increasing accordingly. In 2007, geneticallymodified agricultural crops were cultivated on
114.3 million hectares of land while the figure
increased to 125 million hectares following a 9.4%
spike in 2008. 12-year increasing trend is still in
progress. This increase makes many countries take
protective measures against foods with GMO, and
introduce regulations. However, besides the abovementioned advantages, GMOs also pose potential
risks to human health [8].
Several countries have imposed different
biosafety laws and surveillance programmes to
regulate GMO use [9]. Within the European Union
(EU), current laws and regulations on the
traceability and labelling of GMOs require
mandatory labelling of food and feed containing
any GM ingredients above a certain threshold
(>0.9% GMO content) and the identification of GM
products throughout the supply chain [10, 11].
Turkish government directives outlining a 0.9%
threshold for mandatory labelling of authorized
GMOs in foods and feeds, and 0.1% for unapproved
GM material in feeds. A GMO insert consists of
three genetic elements: promoter, trait gene and
terminator. The promoter is needed to achieve high
levels of gene expression in plants. 35S from
Cauliflower Mosaic Virus (CaMV) is the most
common promoter in GMO inserts. Other
promoters, such as phosphoenolpyruvate (PEP)
carboxylase
promoter,
which
encodes
a
photosynthetic enzyme, and Figwort Mosaic Virus
35S (FMV), are used less frequently in GMOs. The
terminator gene is a DNA sequence that serves as
WKH ³VWRS VLJQDO´ IRU JHQH WUDQVFULSWLRQ 7KH
Nopaline Synthase (NOS) from Agrobacterium
tumefaciens is the most frequent terminator element

ABSTRACT
This study is intended for identifying genetic
modifications made in food products delivered to a
private laboratory between February 2015 and
November 2015, and product groups thanks to the
Real-Time PCR method. Of 472 food products put
into use for the study, 61 products turned out to
have genetically modified organisms (GMO) while
18 products had 35s as well as NOS for 13
products, both 35S and NOS for 26 products, FMV
and 35S for 4 products. As a result of this study, we
concluded that 22 analyzed products with soy
lecithin in content including soy protein and
chocolate had GMO. Of a total of 24 products with
maize in content including cereals, pasta, maize
starch, canned maize and instant soup. All of 4
analyzed sunflower seed oil were identified to have
35S and FMV. This study also detected NOS in 11
products of rice and rice flour analyzed. Genetic
modifications are mostly made in soy protein,
cereals, chocolate and rice. It is forbidden to sell
food products that do not comply with the law on
biosafety in case they are concluded to contain
GMO. Otherwise, this will lead to both ethical and
judicial problems.
KEYWORDS:
Food analysis, Genetically modified organism, DNA,
Real-Time PCR, Biosafety.

INTRODUCTION
Influenced by biotechnological advances
introduced in the 21st century, producers have
opted for genetically-modified organisms (GMO) in
an effort to achieve higher agricultural productivity,
cut production costs, and enhance resistance of
products [1, 2].
The number of genetically modified (GM)
products has steadily increased over the past 20
years. Additionally, the global cultivation area of
GM crops has increased markedly by over 100-fold
from 1.7 million hectares in 1996 to 175.2 million
hectares in 2013. GMO products pose a threat to
2589
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MATERIALS AND METHODS

and the next one is added with a couple of 5 μl
DNA samples. The last two reaction tubes are
provided with a couple of 5 μl positive control
DNA samples and immediately closed. 20 μl
inhibition control PCR-mix is pipetted into the
same reaction tubes for inhibition control. The first
tube (negative control) is immediately closed. Then,
a couple of 5 μl DNA samples are added into the
other two tubes for the inhibition control reaction.
The tubes are closed after they are pipetted. The
tubes are centrifuged for a little while to eliminate
any air bubble.

Samples. This study made use of 472 products
delivered upon a special request to the food analysis
laboratory in Istanbul between February 2015 and
November 2015. Throughout this process, the
laboratory was provided with chocolate, wafer,
cereals, baby formula, rice, instant soup, sunflower
seed oil, canned maize, food additives, maize and
rice additive products.

Real-Time PCR analysis. This study made
use of CFX 96 Touch Real Time PCR device.
Initial denaturation of 5 min at 95 °C and
subsequent denaturation for 15 s at 95 °C, annealing
for 30 s at 60 °C, elongation for 30 s at 60 °C with a
total repetition of 45 cycles and finally cooling for
10 s at 40 °C. Those accounting for Ct <38 were
considered positive as a result of the analysis.

[12]. Ignoring cases specified in the law on
biosafety will cause the society to consume
genetically-modified products, and this will
certainly lead to both ethical and judicial problems.
The purpose of this study is to analyze the food
products, which were delivered to the analysis
laboratory on a special request, for 35S, NOS and
FMV through the Real-Time PCR, and research
into the GMO prevalence.

DNA extraction. The food products were
grinded by a blender or a mortar and pestle.
Weighing around 50 mg, the powder sample was
taken into a 2.0 ml-sterilized tube. R-Biopharm
SureFood® PREP Plant X (Code: S1006) kit was
put into use for DNA isolation. To extract total
genomic DNA from oil samples, QIAamp DNA
Stool Mini Kit (Qiagen) was put into use along with
15 ml oil sample.

RESULTS AND DISCUSSION
A variety of methods are adopted to detect
GMO. Enzyme-linked immunosorbent assay
(ELISA), Polymerase Chain Reaction (PCR),
Western Blot Analysis, spesific promoter ve
terminator sequences and Real-Time PCR [13-17].
Apart from regulations, it is imperative to conduct
quantitative analyses in case a product is detected to
contain GMO. Starting from the entrance of a
sample, a GMO analysis laboratory is comprised of
homogenization and weighing, extraction, a
Polymerase Chain Reaction (PCR) room and postPCR procedural rooms to eliminate any
contamination. Each area is planned in a way to
suffice for the analytical scope and technological
infrastructure of a laboratory. Such areas should not
be put into use for anything other than GMO
analyses. In addition, the validation of methods,
calibration of equipment, and competency of
professionals have a major impact on results.
Otherwise, a product containing no GMO may be
certified as "GMO-containing" as a result of
contamination which would lead to the prestige of
both laboratories and suppliers tarnished [18]. The
Turkish Biosecurity Committee, soybean event is
allowed to be used only in feed and related products
with particular requirements established by law. It
is forbidden to make use of maize, rice, soy and
canola for food-related purposes. GMO raw
materials are forbidden to be used in any baby
formula, follow-on formula, infant formula as well
as baby and infant nutritional supplement [19]. As a
result of consuming genetically modified products,
several problems arise in milk yield, sperm
production and birth rates. The risks such as
decreasing in robustness in plants, causing genetic

Spectrophotometric measurement. The
quality and quantity of DNA extracted from
samples were estimated spectrophotometrically
XVLQJDȝ4XDQW%,2-TEK spectrophotometer at 260
nm (A260) and 280 nm (A280) absorbance. DNA
purity was determined using A260/A280 ratio. The
DNA samples with A260/A280 rates above 1.75-1.80
were incorporated into the study.
35S/NOS/FMV/Inhibition PCR-mix preparation. ³6XUH)RRG*02 P35S/NOS/FMV Screening, R-%LRSKDUP´NLWZDVSXWLQWRXVHIRUWKH5HDOTime PCR study. Required reaction figures are
severally calculated to detect 35S, NOS and FMV.
For each detection, positive control (PTC) DNA
requires two reactions while negative control (NTC)
and extraction control (EC) require one reaction. A
parallel study is carried out for each DNA sample.
For inhibition control (ICM), the DNA samples is
added to the reaction tubes containing an inhibition
control mix. To control the reaction mix, a reaction
containing no DNA sample is conducted. 18.8 μl
35S/NOS/FMV reaction mix, 1.1 μl FDE and 0,1 μl
Taq Polymerase are mixed for each reaction. Each
tube is pipetted with 20 μl out of the reaction mix
containing the gene area to be detected. The first
tube (negative control) is immediately closed. The
following tube is added with 5 μl extraction control,
2590
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fragments which can be added to normal genome
through blood cells may be transferred to the
circulatory system and have an effect on some
diseases due to their incomplete digestion [23].
Of 472 analyzed food samples, 61 products
(12.92) were detected to contain GMO while 18 of
them yielded positive results for 35S (29%) along
with NSO positive for 13 products (21%), both 35S
and FMV for 4 products (7%), and both 35S and
NOS for 26 products (43%), (Figure 1). Reported
by the analysis, the most common GMO-containing
products were soy protein, cereals, chocolate and
rice (Table 1). One sample, which was detected to
contain GMO as a result of the analysis, was diluted
by 1:10, 1:100, 1:1000 rates, and re-analyzed. The

pollution and contaminating soil aquatic ecosystem
posed by such foods are in considerable number.
For example, super crabgrass have emerged from
resistant transgenic plants. Primary risks include the
intoxication of useful organisms fed with plants
including BT (Bacillus thuringiensis) toxin.
Depending on the results of the experiments in bees
and butterflies that were fed with the plants
including BT toxin, several advers effects on health
were observed [20,21]. The effect of crossfertilization and the threshold set at 0.9% are also
important in GMO and the studies on it. Since all
GM seeds are sterile, those seeds can not be planted
again despite yielding more fruit and vegetable
products [22].
GMO which is the most tremendous
impression of gene technology is still a topical issue
in the world. The most wondered and investigated
part of those products which have many objections
from enforcing the biosecurity law in Turkey to
concerns about inspection mechanism is their
effects on human health. When the news about
GMO on media are reviewed, it is emphasized by
the studies that such products will affect the living
organisms and ecosystem adversely in the future
despite some researchers express an opinion that
such products are not proven to have adverse health
effects. The most important risk of GM products is
allergy. The transfer of the allergenic properties of
the host organism to the plant or animal may not be
prevented in genetic structure change. In 1996, the
products including the gene transferred from brazil
nut to soy bean had been pulled from the market
due to their allergic effects. Since the herbicidal and
insecticidal genes in GM plants and also the
transferred genes with terminator technology
produce toxins, they entail important risks in case
of accumulating in tissues. The use of those genes
had eliminated the use of pesticides. However, it
GRHVQ¶W PHDQ WKDW WKRVH WR[LFDQW UHVLGXDOV DUH
HOLPLQDWHG,W¶VNQRZQWKDWVRPHFKHPLFDOVXVHGLQ
GM cotton, soy, corn and oilseed types are directly
FDUVLQRJHQLF,W¶VDOVROLNely that foreign DNA

FIGURE 1
DNA targets frequency of samples
TABLE 2
Ct values of the diluted version for the sample
with GMO
Well

Canal

Name

Analysis

A1

1

B2

1

B3

1

B4

1

C1

1

Negative
control
1:10 dilution
GMO sample
1:100 dilution
GMO sample
1:1000
dilution GMO
sample
Positive
control

TABLE 1
Product varieties with positive results for GMO
Product

Number

Percent

Soy protein
Cereals
Chocolate
Rice
Rice flour
Sunflower seed oil
(containing canola)
Canned maize
Maize starch
Pasta
Instant soup

14
11
8
6
5
4

22.95
18.03
13.11
9.83
8.19
6.55

4
4
3
2

6.55
6.55
4.91
3.27

Total

61

100

GMO

Ct
values
No Ct

Test
Result
Negative

GMO

31.52

Positive

GMO

34.00

Positive

GMO

37.11

Positive

GMO

31.55

Positive

TABLE 3
Ct value of products containing GMO
(The samples were analyzed in parallel)

2591

Well

Canal

Name

Analysis
GMO

Ct
values
No Ct

Test
Result
Negative

A1

1

A6
A7
B2
B3
B10
B11
C8

1
1
1
1
1
1
1

Negative
control
S3-1
S3-2
S7-1
S7-2
S8-1
S8-2
Positive
control

GMO
GMO
GMO
GMO
GMO
GMO
GMO

22.33
22.39
30.10
29.79
21.65
21.80
31.28

Positive
Positive
Positive
Positive
Positive
Positive
Positive
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FIGURE 2
*02VDPSOH¶VDGLOXWHGYHUVLRQEGLOXWHGYHUVLRQFGLOXWHGYHUVLRQ SRVLWLYH
control of the kit are positive while the negative control of the kit and the no template control show no
amplification)

FIGURE 3
The Real-Time PCR results of products containing GMO (The samples were analysed in parallel and the
positive control of the kit are positive while the negative control of the kit and the no template control
show no amplification)
tNOS were also found in 5/9 soy samples collected
in 2009 [25]. Of the remaining 75 samples, 15/19
animal feeds (79%) and 6/56 soya-containing food
samples (10.7%) tested positive for one or more
GMO elements [26]. This study pointed to the
presence of GMO in 22 products with ingredients of
soy lecithin including soy protein and chocolate
(35S-NOS for 20 products and NOS only for 2
products). An analysis was conducted in Malaysia
on 123 maize samples, and 40 samples (32.5%)
were detected to contain GMO [27]. Herzallah
reported that out of 280 food and feed samples
collected in Jordan during 2007-2008, 5.4%
contained Bt- 176 (Bacillus thuringiensis) maize or
RRS [28]. This study demonstrated the presence of

Ct values by the Real-Time PCR are presented in
Figure 2. 1:10 diluted sample was multiplied for
31.52 Ct as well as 1:100 diluted sample for 34.00
Ct and 1:1000 diluted sample for 37.11 Ct. The
diluted samples were detected to come into
existence with 3 Ct increase (Table 2). The RealTime PCR results and Ct values of samples #3, #7
and #8 are presented in Figure 3 and Table 3.
A few other recent reports have also
demonstrated the presence of GM soya in
foodstuffs in Turkey; Arun et al. (2013) reported
the presence of CaMV 35S & tNOS in 11/59
(19.3%) of soy-containing food products collected
from 2008 to 2011, all of which also tested positive
for RRS (Roundup Ready Soya) [24]. CaMV 35S &
2592
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35S for 18 products and 35S-NOS for 6 products
totaling 24 products including cereals, pasta, maize
starch, canned maize and instant soup. As a part of
a study carried out in 2015, a total of 20 samples
were tested, including five canola seed samples
35S-FMV, CP4 epsps (5-enolpyruvylshikimate-3phosphate
synthase),
NptII
(Neomycin
phosphtransferase II), and bar could be detected in
all of the five samples [29]. All of 4 sunflower seed
oil samples (containing canola in content), which
were analyzed as part of this study, were detected to
contain 35S and FMV. A study was carried out in
2015 in an effort to analyze rice products with
GMO ingredients and 100% GM rice with Cry1Ab
was used to study the effects of food processing
methods on the relative levels of the exogenous
genes (Pubi promoter, Cry1Ab, NOS terminator,
Hpt
(hygromycin
phosphotransferase))
to
endogenous gene in steamed rice, rice noodles, rice
crackers and sweet rice wine, using real-time PCR
[30]. This study also detected NOS in 11 products
of rice and rice flour analyzed. The results of this
study are compatible with the findings in literature.
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ABBREVIATIONS
Bt
CaMV
EPSPS
EU
FMV
GM
GMO
Hpt
NOS
NPTII
PCR
PEP
RRS
SDS
tNOS

Bacillus thuringiensis
Cauliflower Mosaic Virus
5 enolpyruvylshikimate-3phosphate synthase
European Union
Figwort Mosaic Virus
Genetically Modified
Genetically Modified Organism
Hygromycin phosphotransferase
Nopaline synthase
Neomycin phosphtransferase II
Polymerase Chain Reaction
Phosphoenolpyruvate
Roundup Ready Soya
Sodium dodecyl sulfate
Nopaline synthase terminator
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NATURAL RADIOACTIVITY MEASUREMENT AND DOSE
ASSESSMENT IN ZONGULDAK, TURKEY
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Therefore, this work aims to determine the environmental radioactivity level in central Zonguldak
and its nearest district Kozlu, which are located in
the northwestern part of Turkey. To determine the
environmental radioactivity level, activity concentrations of 238U, 232Th and 40K radionuclides in the
soil samples and radon measurements in dwellings
were made.

ABSTRACT
In this study, gamma activity concentrations of
U, 232Th and 40K in surface soil and 222Rn concentrations in dwellings of Zonguldak were measured. In order to measure gamma activity a gamma
spectrometry (ORTEC-905-4) with a high-sensitivity NaI (Tl) detector was used. Radon concentration
measurements were made by the CR-39 nuclear
track detectors. The measured activity concentrations of 238U, 232Th and 40K were found to be between
10-145, 23-91 and 215-755 Bqkg-1 with the averages
of 40.7, 38.7 and 470.0 Bqkg-1, respectively. Radon
concentrations were found to be from 27 to 234.5 Bq
m-3 with the average of 68.6 Bq m-3.
238

MATERIALS AND METHODS
The study area. The study area includes
central Zonguldak and its nearest district Kozlu.
Zonguldak is a coastal city located in the western
part of 7XUNH\¶V Black Sea Region (Fig.1) and has a
population of approximately 108000, Kozlu is also a
coastal city and has a population of about 37000
(2015). Zonguldak province is located in a bituminous coal basin, where coal seams are a Carboniferous deltaic sequence of Westphalian age. Some
more information about the geological structure can
be found in the reference [3]: the study area was
affected by Hercynian orogenic movements and has
Paleozoic and Mesozoic, Tertiary and Crystalline
units; the rock units are volcanic, volcano±sedimentary and sedimentary in origin. The geology of
the area indicates a faulted and fractured structure.
Geological formations in central Zonguldak mostly
consist of sandy limestone and limestone. The Kozlu
district has Kozlu formation which consists of
sandstone, siltstone and claystone.

KEYWORDS:
U-238, Th-232 and K-40, gamma activity, indoor radon,
dose assessments

INTRODUCTION
People are exposed to natural background
gamma radiation due to terrestrial radionuclides
present in the soil and cosmic radiation. The majority
of this radiation is from primordial radionuclides
232
Th, 238U series and 40K in the soil. Activity concentrations of these radionuclides are based on
composition of the soil. Therefore, radionuclide
concentrations in the soil vary from place to place
with respect to D SODFH¶V geological and chemical
structure. The specific activities of 232Th, 238U and
40
K in the soil have been used to assess the terrestrial
external gamma radiation dose rate by using dose
conversion factors [1]. According to UNSCEAR
(United Nations Scientific Committee on the Effects
of Atomic Radiation) 1993 repot [2] the annual
effective dose rate from natural background
radiation has a world average value of 2.4 mSv of
which 1.4 mSv comes from radon, thoron and their
daughter products. Indoor 222Rn accounts for about
60% of the total background radiation [1].
Information regarding the natural radioactivity
in soil and indoor radon level is essential in maintaining control of the prevailing radiation level.

Sampling. Soil samples were collected from
sampling stations (Fig. 2) at about 0-15 cm depth.
Each sampling station is 1 km2, and the samples were
collected from 5 different points within each
sampling station to be totally ~ 2.5 kg. Collected
samples were crushed to a size of 100 μm and dried
for 24 hours in an air circulation oven at 105ºC in the
laboratory. About 150 g of each sample was put in a
polythene bag and sealed for 30 days before radioactive determination of uranium and thorium to
attain radioactive equilibrium with their daughter
products and prevent radon loss. After 30 days the
samples were subjected to gamma-ray spectrometric
analysis. Analyses were carried out at the Institute of
Nuclear Science at Ege University, Izmir, Turkey.
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FIGURE 1
0DSRI=RQJXOGDN¶VORFDWLRQLQ7XUNH\

FIGURE 2
Map of soil sample locations in central Zonguldak and Kozlu (Turkey)

mm thick lead bricks internally lined with a 1.5 mm
copper foil. The best resolution possible is typically
less than 7.5 % for the 662 keV gamma ray from
137
Cs. In this work, the 1.76 MeV peak of 214Bi, the
2.61 MeV peak of 208Tl and the 1.46 MeV peak of
40
K were used for quantitative determination of
uranium, thorium and potassium, respectively. The
22 soil samples were counted for 50.000 s with
background measurements under the same conditions. Concentrations of 238U, 232Th, and 40K in the
samples were determined using the concentration
equations which are given in the reference section
[4-8]. In this study, standard samples (625 ppm eU,
150 ppm eTh and 52 % K) were used for calibration
of the system under appropriate conditions.

Radon concentration measurements in 30
dwellings in central Zonguldak and Kozlu were
made by CR-39 nuclear track detectors. The radon
concentration measurements were made at the Saraykoy Nuclear Research and Training Center in
Ankara, Turkey. The detector films are 1cmx1cm
squares with a thickness of 1 mm and were attached
to the bottom of cylindrical plastic cups with a height
of 7 cm and a diameter of 4.5 cm.
Gamma activity measurements. Each soil
sample was measured by a gamma ray spectrometer
using 3¶x¶¶ 1D, 7O  GHWHFWRU 257(&-905-4). A
high-sensitivity NaI (Tl) detector was connected to a
PC-based 4K multichannel analyzer and its associated software. The detector was shielded by 100-
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external hazard index (Hex) was calculated by the
following formula [9]:
Hex=AU/370 + ATh/259 + AK/48101.
(3)
The Hex must be equal to 1 or lower than the
limit 1, which corresponds to 1 mSv y-1 for the external gamma radiation dose rate given by Beretka
and Mathew [9].
In order to calculate the annual effective dose
equivalent of indoor radon exposure, the following
formula is used [10].
AEDE= CRn ൈ F ൈ t ൈ d,
(4)
where CRn represents the radon concentration in Bq
m-3. F is equilibrium factor between radon and its
decay products which is 0.4 for indoor exposure. The
exposure time (t) has been taken 7008 h per year.
Dose conversion factor d is equal to 9 nSv Bq-1 h-1
m3 [1].

Indoor radon measurements. 30 pairs of CR39 type radon detectors were placed in 30 different
dwellings in a vertical position in bedrooms and
living rooms. After 60 days of exposure, the
detectors were collected and covered with aluminum
foil. Then, the detectors were chemically processed
with NaOH (30%) at 60 ºC for 4.5 h to alpha tracks
in order to be visible. The radon concentrations were
estimated from tracks in the film created by the alpha
particles emitted from 222Rn. Track counting was
made using an automatic counting device located at
Sarayköy Nuclear Research and Training Center in
Ankara. This device is able to convert the track
densities into radon concentrations automatically.
Dose rates and annual effective dose
equivalents. For the uniform distribution of 238U,
232
Th and 40K radionuclides, the absorbed gamma
dose rates in the air 1 m above the ground was
calculated by the following formula [1]:
D (nGy h-1) = 0.604ATh +0.462AU + 0.0417AK, (1)
where D (in nGy h-1) represents the gamma dose rate
due to the activity concentrations of ATh, AU and AK
(in Bq kg-1) for 232Th, 238U and 40K.
To estimate the annual effective dose
equivalent (AEDE), 0.7 Sv Gy-1 conversion coefficient from the absorbed dose in air and 0.2 outdoor
occupancy factor proposed by the UNSCEAR-2000
report [1] were used. The AEDE in units of μSvy-1
was calculated using the following formula:
AEDE (μSv y-1)=D(nGy h-1) ൈ 8760 h y-1 ൈ 0.2
(2)
(Outdoor) ൈ 0.7 SvGy-1 ൈ 10-3.
To account for the radiation hazard caused by
terrestrial 238U, 232Th and 40K radionuclides, the

RESULTS AND DISCUSSION
The measured activity concentrations of 226Ra
(238U), 232Th and 40K in the soil samples vary between 10-145, 23-91 and 215-755 Bq kg-1 with the
averages values of 40.7, 38.7 and 470.0 Bq kg-1,
respectively, as given in (Figs. 3 and 4). The average
ratios of 238U/232Th concentration is ~1.1 which
indicates that 238U and 232Th activities in the samples
are relatively balanced. A detailed analysis of the
results indicates that there is a positive correlation
between the activity concentrations of 232Th and
226
Ra (R؆0.40) in the soil samples (Fig.5).
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FIGURE 3
Activity concentrations of 238U and 232Th soil samples collected from Zonguldak and Kozlu, Turkey.
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FIGURE 4
Activity concentrations of 40K soil samples collected from Zonguldak and Kozlu, Turkey.
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FIGURE 5
Correlation of 232Th and 226Ra (238U) activity concentrations.
TABLE 1
Comparisons of the activity concentrations (Bq kg -1) of 238U, 232Th and 40K with other published results
from Turkey and the World.

Manisa (Turkey)
Karabuk (Turkey)
Kirklareli (Turkey)
Adana (Turkey)
Karaman (Turkey)
Batman (Turkey)
Samsun (Turkey)
Sinop-Gerze (Turkey)
Thailand
Yemen
Saudi Arabia
Vietnam
The World Average
Zonguldak

238
U
28.5
21
28
17.6
28.5
42
19
63.9
60.2
58.2
23.8
19.6
35
40.7

232

Th
27
23.5
40
21.1
21.6
35
22
72.7
64.9
44.4
18.6
31
30
38.7
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40
K
340
363.5
667
297.5
342.4
524
521
609.7
431.8
822.7
162.8
34.6
400
470
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values vary between 27.5±2.6 and 116.8±8.7 nGyh-1
with the average of 61.8 nGyh-1, the AEDE values
vary between 33.7±3.2 and 143.2±10.7 μSvy-1 with
an average of 75.8±6.0 μSvy-1. These average values
slightly exceed the world average values 60 nGyh-1
and 70 μSvy-1 [1]. The calculated Hex from 238U,
232
Th and 40K activity concentrations using formula
(3) were presented in Fig 8. The Hex values do not
exceed the unity. The results vary from 0.2±0.02 to
0.7±0.05. Thus, we may conclude that radiation dose
hazards due to the exposure of 238U, 238U and 40K
activities in the soil samples are negligible.

The calculated average activity concentrations
for 238U, 238U and 40K are ~1.17, 1.2 and 1.25 times
higher than those of the world average values of 35,
30 and 400 Bqkg-1, respectively [1]. Our findings for
the activity concentrations were compared with
other published results in Turkey and around the
World (Table 1). As seen in Table 1, the results are
varied from one place to another in Turkey, and from
one country to another in the World.
The D and AEDE from 238U, 232Th and 40K
activity concentrations were estimated using the
formulas by (1) and (2), respectively and these results were presented in Figs 6 and 7. While the D
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FIGURE 6
Distribution of the gamma dose rates from 238U, 232Th and 40K activity concentrations for the study
area
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FIGURE 7
Distribution of the annual effective dose equivalent from 238U, 232Th and 40K activity concentrations
for the study area
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FIGURE 8
Distribution of the external hazard index due to 238U, 232Th and 40K activity concentrations for the
study area
TABLE 2
Comparisons of indoor radon concentrations and AEDE from 222Rn in Zonguldak dwellings with the
other published results from Turkey and the World
Location
Manisa±Turkey
Karabuk±Turkey
Artvin±Turkey
Ardahan±Turkey
North±Western Greece
Bethlehem±Palestine
Baghdad±Iraq
Zonguldak±Turkey

222

Rn (Bq m-3)

47±146
70.5± 333.5
21±321
53-736
11±286
26±611
83.4±238.8
27± 234.5

Indoor 222Rn concentrations were measured in
the range of 27± 234.5 Bq m-3 with an average value
of 68.6 Bq m-3. These values are below the action
level 200± 600 Bq m-3 recommended by ICRP
(International Commission on Radiological
Protection) [21]. As shown in Table 2, the results
were compared with the published results from
Turkey and the World. The AEDE from 222Rn estimated by the equation (4) were in the range of 0.685.92 mSv y-1 with an average of 1.73 mSv y-1. These
values are below the range of 3-10 mSv y-1 action
level recommended by the ICRP [21].

AEDE (mSv y-1)

References

2.35±7.3
1.78±8.41
±
±
±
0.65±14.1
2.10±6.02
0.68±5.92

[4]
[10]
[22]
[22]
[23]
[24]
[25]
Present Study

for some places in Turkey as well as around the
world. Radon measurements were made in dwelling
within 30 buildings in Zonguldak and Kozlu by
using CR-39 nuclear track detectors. The evaluated
average concentration 68.6 Bq m-3 is higher than the
global average value 27.2 Bq m-3 given by
UNSCEAR [2], but lower than the action level 200±
600 Bq m-3 recommended by ICRP [21]. The
average annual effective dose equivalent from the
calculated outdoor terrestrial gamma radiation for a
person in Zonguldak is 75.8 mSvy-1, which is higher
than the global world average value of 70 mSv y-1.
The calculated indoor annual effective dose
equivalent from 222Rn is 1.73 mSv y-1, which is
below the range of 3-10 mSv y-1 limit recommended
by ICRP [21].
In conclusion, both indoor and outdoor
radiation levels from terrestrial gamma radiation and
222
Rn, respectively, in the region should be
controlled periodically. The obtained results in this
study will be used as a data base which may be used
to evaluate possible future changes in the region. Our

CONCLUSION
The activity concentrations of natural
radionuclides 226Ra, 232Th and 40K were measured in
surface soils at 22 locations in central Zonguldak and
its nearest district Kozlu (Turkey) using a gamma
spectrometry. The average concentrations of natural
radionuclides 228U 232Th and 40K are slightly higher
than the world average values and published results
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findings will also be available as a data base both for
Turkey and the World.
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THE EFFECT OF MINERAL FERTILIZERS AND BIOGAS
DIGESTATE USED FOR COCKSFOOT FERTILIZITION ON
THE SOIL NITROGEN CHANGES
Alvyra Slepetiene*, Zygimantas Staugaitis, Vita Tilvikiene, Jonas Slepetys, Zydre Kadziuliene
Institute of Agriculture, Lithuanian Research Centre for Agriculture and Forestry (LAMMC),
Kedainiai district, 58344, Akademija, Lithuania

types depends primarily on the nature of the feedstock and the digestion process. The digestates had a
high potential fertilizer value due to their contents of
N, P, K and micronutrients [3-4]. A few publications
address the use of digestates as fertilizers demonstrating that digestates are an effective nutrient source
for plants [5-8]. The main nutrients required by
plants are accumulated in the biogas residue [1, 9].
The demand for digestates as soil fertilizers
depends on the compliance with quality parameters
[5,10]. Digestate is a valuable fertilizer because
nitrogen present in it is readily available to plants.
The nitrogen fertilizer N180 present in the digestate
was as efficient on cocksfoot biomass yield as mineral fertilizer nitrogen [11]. A perennial grass cocksfoot of the late cut (3rd) was proved to be much more
suitable for the biogas production than legumes lucerne and fodder galega. According to the chemical
composition, cocksfoot seems to be the most appropriate feedstock for biogas production [11-12].
Traditional organic amendments such as
manures, composts and sewage sludge have been
extensively studied in the past. However, application
of biogas digestates and their impacts on the environment are still underexplored [13]. Also, little is
known about the long-term impacts of anaerobic
digestates on soil properties.
The research was aimed to evaluate the effect
of mineral fertilizer and biogas digestate used for
cocksfoot fertilization on the soil nitrogen changes.

ABSTRACT
Anaerobic digestion is an optimal way to utilize
organic materials or energy crops for bioenergy
production. The current study set out to evaluate the
impact of different rates of nitrogen present in mineral and organic (digestate) fertilizers on the changes
in soil nitrogen. The soil of the experimental site is
an Endohypogleyic Calcaric Luvisol in which cocksfoot (Dactylis glomerata  FXOWLYDU µAmba¶ ZDV
grown. The experimental findings of 3 consecutive
years (2013-2015) suggested that soil total nitrogen
(Nt) content (0-30 cm layer) was higher in the treatments that had received biogas digestate fertilization
compared to the untreated control. The significantly
highest Nt concentration was established in the treatments applied with the highest biogas digestate
nitrogen rate (N450). Fertilization with mineral
nitrogen (Nmin) and digestate nitrogen resulted in a
relatively higher Nmin accumulation in the upper
soil layer (30 cm) compared to the deeper layer (3060 cm). With the changes in mineral nitrogen, the
most intensive soil Nt transformation processes
occurred in the upper soil layer. Significantly higher
Nmin concentrations were determined in the plots
applied with mineral nitrogen compared to the other
experimental treatments. The highest values of soil
Nmin were determined in July: 47.7 in the 0-30 cm
and 17.4 mg kg-1 in the 30-60 cm layer.

KEYWORDS:
Anaerobic digestion; digestate; soil total nitrogen; mineral
nitrogen; nitrate nitrogen; cocksfoot

MATERIALS AND METHODS
Experiment. The experiment was laid out in a
randomized block design with eight treatments and
IRXUUHSOLFDWHV$FRFNVIRRWFY³Amba´ GHYHORSHG
in Denmark) was grown in the experiment. Fertilization treatments included: no fertilization (control
treatment), two levels of mineral nitrogen fertilization and five levels of nitrogen in digestate (Table 1).
The typical biogas digestate was collected from
the biogas facility. Cocksfoot was fertilized with
mineral nitrogen fertilizer and digestate at the
beginning of vegetation (in April) and after the first
cut. The cocksfoot sward was harvested three times

INTRODUCTION
Anaerobic digestion is an optimal way to utilize
organic materials or energy crops for bioenergy
production. Biogas residue (digestate) is the final
remnant of the original waste placed into digesters
that cannot be utilized by microbes involved in the
anaerobic degradation process. The residue additionally contains the mineralized remains of dead bacterial mass derived from within the digesters [1-2].
The nutrient content of anaerobic digestates of all
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Statistical analyses. Statistical analyses were
performed using the ANOVA from the SAS. Means
ZHUHFRPSDUHGXVLQJ'XQNDQ¶VWHVWS

per growing season. For each application, the
amount of digestate to be used for fertilization was
calculated according to the concentration of total
nitrogen in it (Table 2).

RESULTS AND DISCUSSION
TABLE 1
Cocksfoot fertilization scheme
Treatment
Control

Soil total nitrogen. The positive effect of
digestate application as a fertilizer on crop yield has
been documented in our previous articles [11-12]. As
a result, the current study was focused on the
changes in soil nitrogen as influenced by mineral
nitrogen and digestate nitrogen (Figure 1).
The experimental findings suggested that soil
Nt content (0-30 cm) was higher in the treatments
that had received biogas digestate fertilization compared to the untreated control (Fig 1). Real experimental conditions in the field suggested that the content of Nt in the soil depended on the rate of digestate. The significantly highest Nt concentration
(0.201%) was established in 2015 in the treatment
applied with the highest biogas digestate rate
(N450). With higher digestate fertilization rates
(N270-N450) soil Nt consistently increased in every
experimental year.

N0
N180
N360
N90
N180
N270
N360
N450

Mineral fertilizer

Digestate

Soil and sampling. The soil under study is an
Endohypogleyic Calcaric Luvisol. For 3 consecutive
years 2013, 2014 and 2015, soil samples were collected in 3 field replicates from the 0-30 cm depth
for Nt analyses and from the 0-30 and 30 - 60 cm
depths for Nmin analyses. The samples were
crushed, homogenized and sieved through a 2 mm
and 0.25 mm screen for the analysis of chemical
characteristics.

Soil mineral nitrogen. The content of mineral
nitrogen (Nmin) in the soil varied depending on fertilizer type and rate, sampling date and soil layer (Fig
2). With the changes in mineral nitrogen, the most
intensive soil N transformation processes occurred
in the upper soil layer (0-30 cm) (Fig 2). Significantly higher Nmin concentrations were determined
in mineral nitrogen-applied treatments compared to
the other experimental treatments. The highest Nmin
values were determined in July: 47.7 at 0-30 cm soil
layer and 17.4 mg kg-1 at 30-60 cm layer.
Both in 2014 and 2015, similar trends of nitrate
nitrogen (N-NO3) variation during the growing
season were established (Fig 3; Fig 4). Significantly
higher N-NO3 concentrations were determined in
mineral nitrogen-applied treatments compared to the
other experimental treatments. The highest N-NO3
concentrations in the soil were identified in July in
the treatments fertilized with the highest mineral
nitrogen rate N 360.

Methods of chemical analyses. Chemical
analyses were carried out at the Chemical Research
Laboratory of Institute of Agriculture, LAMMC.
The chemical reagents used were of analytical grade
certified for the impurities. Deionized water, purified with a system Merck Millipore, was used for the
DQDO\VHV 7KH VR FDOOHG ³EODQN´ YDOXHV ZHUH GHWHUmined within each sample series. The concentrations
of chemical compounds in digestate were quantified
as follows: nitrate nitrogen - using ion selective electrode; ammonium nitrogen- photometrically; pHKCl
potentiometrically in 1 M KCl. The content of soil
total nitrogen was determined by the Kjeldhal metod
with spectrophotometric measurement at 655 nm
wavelength and soil organic carbon - by the Tyurin
method modified by Nikitin with spectrophotometric
measurement at 590 nm wavelength and glucose as
a standard [14].

TABLE 2
Digestate characteristics

Year
2013
2014
2015
Min-max
Average

DM %
4.56
5.33
3.82

Chemical composition of biogas residue*
N-NO3
N-NH4
mg kg-1
0.007
0.114
0.019
0.720
0.022
0.306
0.007-0.022
0.114-0.720
0.016
0.380

Note: * in natural moisture

2605

Corg
%
2.29
2.67
1.94
1.94-2.67
2.30

N
0.547
0.470
0.290
0.290-0.547
0.436

pH
7.9
7.9
7.8
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Nt %
0,20

ab
0,167 ab
0,168
ab
0,145

ab
0,166 ab
0,165
ab
0,143

b
0,154 b
0,158
b
0,134

ab
0,172 ab
0,173
ab
0,143

ab
0,167 ab
0,169
ab
0,140

ab ab
0,1750,185

a
ab 0,189
0,174

a
0,201
a
0,179
a
0,158

ab
0,145

ab
0,140

0,15

2013
0,10

2014
2015

0,05

0,00

N0
Control

N180

N360

N90

N180

Mineral fertilizer

N270

N360

N450

Digestate

FIGURE 1
Changes in soil Nt as influenced by the fertilizer type and rate, 2013-2015
*Means with the same letter are not significantly different P=0.05 (Duncan's multiple range test)

FIGURE 2
Changes in Nmin as influenced by the fertilizer type and rate during the growing season.
Average of 2014-2015
Note: Means with the same letter are not significantly different P=0.05 (Duncan's multiple range test)

FIGURE 3
Changes in N-NO3 (0-30 cm soil layer) as influenced by the fertilizer type and rate during the growing
season. Average of 2014-2015
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FIGURE 4
Changes in N-NO3 in the 30-60 cm soil layer as influenced by the fertilizer type and rate during the
growing season
Average of 2014-2015
the upper soil layer (0-30 cm). Significantly higher
Nmin concentrations were determined in mineral
nitrogen-applied treatments compared to the other
experimental treatments. The highest Nmin values
were determined in July - 47.7 mg kg-1 in the 0-30
cm soil layer and 17.4 mg kg-1 in the 30-60 cm layer.
Application of mineral fertilizers and digestate
in equivalent amounts of total nitrogen for cocksfoot
fertiliztion resulted in a relatively higher Nmin
accumulation in the upper soil layer (30 cm) compared to the deeper layer (30-60 cm). Fertilization
with digestate was more rational from the agronomic
viewpoint and more environment-friendly compared
with mineral nitrogen fertilization, since the same
rates of nitrogen present in digestate as in mineral
fertilizer resulted in the accumulation of lesser Nmin
concentrations in both 0-30 cm and 30-60 cm soil
layers and, consequently, lesser leaching from the
soil. As a result, the utilisation of digestate as fertilizer in agriculture benefits both farmers and the
environment.

An experiment on cocksfoot (Dactylis
glomerata L.) fertilized with mineral fertilizer and
digestate was conducted to evaluate the yield and
chemical composition of cocksfoot biomass after
five years of digestate application. The experimental
results suggest that within five years of sward use
higher rates of nitrogen present in the digestate increased the biomass yield [11;12]. The current study
substantiates the feasibility of using digestate containing on average 0.436 % N for cocksfoot fertilization. The digestate originated from the use of
cocksfoot biomass as a feedstock for biogas production could be used for cocksfoot fertilization. This
would enable creation of a closed production cycle
and would lead to the reduction of pollution risks.

CONCLUSIONS
Our experimental findings evidenced that soil
total nitrogen (Nt) content (0-30 cm) was higher in
the treatments applied with biogas digestate compared to the untreated control. The content of Nt in
the soil depended on the rate of digestate. The
significantly highest Nt concentration was established in the treatments applied with the highest biogas digestate rate (N450). With higher digestate
fertilization rates (N270-N450) soil Nt consistently
increased in every experimental year.
The content of mineral nitrogen as well as
nitrate nitrogen in the soil varied depending on fertilizer type and rate, sampling date and soil layer. With
the changes in mineral nitrogen, the most intensive
soil nitrogen transformation processes occurred in
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EFFECT OF DIFFERENT APPLICATIONS ON ROOTING OF
CUTTINGS SOME ALMOND ROOTSTOCKS
(PRUNUS DULCIS L.)
H Ibrahim Oguz*, Oktay Erdogan, M Cuneyt Bagdatli
7KH8QLYHUVLW\RI1HYúHKLU+DFÕ%HNWDú9HOL Engineering-Architecture Faculty, Department of Biosystem Engineering,
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and forestation. Therefore, in recent years,
particularly in leading almond producing countries,
the use of clonal cuttings is becoming widespread.
Among these rootstocks, Rootpac-40 and GF 677
cuttings are preferred more as they have a stunted
growth and early fruit yielding. In countries with a
level of developed fruit cultivation, the preferred
rootstocks are generally those with known
properties, whose properties do not change except
for mutations. By the use of clonal rootstocks, yield
and quality may be increased and starting right from
the garden creation phase, it can also provide great
conveniences in other technical and cultural
processes [2]. The rootstocks used in fruit
cultivation significantly affect the growth,
resistance against biotic factors (diseases and pests),
yield, fruit quality, youth infertility, resistance
against abiotic stress conditions (drought, salinity,
high temperature etc.) of the cultivar they are
applied. Therefore, the use of clonal rootstock in
fruit cultivation is rapidly increasing in recent years
[3, 4]. The issue of rooting is a commonly faced
problem in increasing clonal rootstocks, particularly
in nut cultivars. With regards to this, there are
several studies where the effects on rooting of
different fruit cultivars by different plant growth
hormones in different dosages are examined, but the
number of studies on almond rootstocks is not
sufficient. None the less, differently from the
previous studies, this study also examines the
rooting effect of plant activator, as well as the plant
hormones. Looking at the studies conducted by the
researchers, in a study conducted by [5] on rooting
the coarse branch cuttings of some olive cultivars;
the cuttings were applied 15 and 30 ppm IAA
concentrations and it was reported that the rooting
ratio of the coarse branch cuttings varied depending
on each cultivar [6]. In a study conducted on the
effect of CEPA (Chloroethylphosphonic acid) and
IBA on rooting the wood cuttings of some fruits, it
was reported that in green plum, IBA (46.7 %),
IBA+AVG (58.1 %) and CEPA+AVG (20.3 %)
significantly increased the rooting ratio when
compared to control (6.7 %) [7]. In a study
conducted to determine the effect of IBA, NAA and
IBA+NAA growth regulators on the rooting

ABSTRACT
In the study, the effects of some plant growth
hormones and plant activators on the rooting of
Rootpac-40 and GF 677 almond clonal rootstock
cuttings were defined. The annual Rootpac-40 and
GF677 clonal almond (P. dulcis L.) rootstocks were
studied in a growth room ஈ&±1) in randomized
blocks design with 4 replicates, and the plant
growth regulators used were IBA (Indole-3-butyric
acid), IAA (Indole-3-acetic acid), SA (Salicylic
acid) and Messenger Gold (MG). In Rootpac-40,
the highest live cutting quantity was observed in
control (95.00 %), and MG (85.50 %) was placed
statistically in the same group with control. The
lowest amount of live cutting was observed in IAA
(57.50 %). In GF 677, the highest number of live
cutting was observed in IBA (85.00 %), which was
followed by IAA (75.00 %). The lowest number of
live cutting was observed in control (50.00 %) and
MG (57.00 %) practises. While the cutting diameter
values ranged between 4.04 mm - 6.29 mm in both
rootstocks, the highest cutting diameter was
observed in MG (6.29 mm), IAA (6.25 mm) and
IBA (5.71 mm). The lowest cutting diameter on the
other hand, was observed in the SA (4.04 mm). In
conclusion, the number of live cuttings in Rootpac40 was increased by MG, while in GF 677, IBA
was the factor that increased the number. MG, IAA
and IBA were created positive effects on the cutting
diameter of both rootstocks.

KEYWORDS:
Almond, clonal rootstocks, plant growth hormone, plant
activator, rooting

INTRODUCTION
In Turkey, 6.4 % of the total fruit production
is made up of nuts. Among the nut cultivars, 2 % of
the trees and 4 % of the production amount is
almond [1]. Almond cultivation poses many
advantages when compared to other fruit cultivars,
such as climate and choice of soil, market demand
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devices. The almond cuttings of both rootstocks
were cut into 25 cm long pieces and treat by plant
growth hormones and plant activator, as shown
below, and then placed into the rooting environment
by leaving 1/3 of the cutting length outside. Plant
growth hormones and plant activators were applied
as described below.

condition of green and semi-woody cuttings of
arbutus, the best results were obtained from 6.000
ppm IBA practises [8]. In a study conducted on the
rooting of henna plant, it was determined that SA
had positive effects on rooting in a 2.000 pmm
Naphthalene Acetic Acid (NAA) + 200 ppm
Salicylic Acid (SA) practise [9]. When various
dosages of IAA and IBA were applied to the
cuttings of some sideritis cultivars (Sideris
condensata Boiss. et Heldr., S. congesta P.H. Davis
et Hub.-Mor., S. leptoclada O.Schwarz et P.H.
Davis, S. libanotica Labill. spp. linearis and S.
tmolea P.H. Davis), it was observed that 750 ppm
dosage of both hormones was the most suitable
dosage for rooting in sideritis cultivars. In recent
years, SA practices are being used for plant
propagation. In a study conducted on the rooting of
Atatürk flower (Euphorbia pulcherrima) cuttings;
SA in various dosages has been applied to cuttings,
and the highest rooting ratio was observed in 300
ppm SA, highest root length in 100 ppm SA, and
the highest callusing ratio was observed in control
and 400 ppm SA practises [10]. Barpete [11] was
reported that morphological features and
biochemical nutrient content (protein) was
important factors in determining the variability
between investigated properties. Kocira et al. [12]
was found that all variants of Nano-Gro
applications caused a significant increase in total
phenolics and anthocyanins contents of common
bean. Another study was determined betanaphthoxyacetic
acid
(BNOA),
4chlorophenoxyacetic acid (4-CPA) and 2,4dichlorophenoxyacetic acid (2,4-D) were not found
to be mutagenic or promutagenic in the Salmonella/
microsome test system [13].
The purpose of this study was to determine the
effect of some plant growth hormones such as IBA,
IAA, SA and plant activator (Messenger Gold) on
the rooting of Rootpac-40 and GF 677 almond
rootstock cuttings under climate chamber
conditions.

Practises of plant growth hormones (IBA,
IAA and SA). For the purposes of the study,
cuttings, before being planted, were treated with 0.5
% systemic fungicide (Bavistin, BASF) for 30
minutes against fungus infections. Following this,
3.000 ppm concentration of IBA, IAA and SA (50
% ethyl alcohol of 95 % and 50 % distilled water)
was applied to all of the cuttings. With this purpose,
the tips (about 3-4 cm) of the almond cuttings were
dipped for 5 seconds into the rooting solution (IBA
solution) by quick dipping method and then kept for
a short while to let go of the alcohol. Following
this, cuttings with 5 x 5 cm row spacing and intrarow were planted into the environment, by leaving
1/3 of the cutting length outside [14, 15].
Plant activator (MG) practise. As a plant
activator, licensed MG commercial preparation was
used. The solution was prepared by conforming to
the instructions of the manufacturing company (12
g/100 lt water), and the cuttings to be rooted were
dipped into this solution for 15 minutes and the
cuttings were placed into the rooting environment
[9].
Determining the morphological parameters.
After subjecting the cuttings of GF 677 and
Rootpac-40 almond rootstocks to rooting for two
months, the following cutting measurements and
counts were evaluated as per [14].
Vitality in cuttings (pieces): The number of
live cuttings were expressed in pieces.
Callusing ratio (%): The number of cuttings
with callus formation was determined and
expressed as a percentage of total cuttings.
Rooting ratio (%): The number of cuttings
with adventitious root formation were determined
and expressed as a percentage of total cuttings.
Root length and diameter (cm): The formed
adventitious roots were measured by the use of a
calliper and calculated as average root length and
root diameter.
Number of roots (piece/cutting): The number
of total adventives formed in the cuttings were
divided into the number of cuttings that have
formed a root and expressed as number of root per
cutting.
Cutting diameter (cm): The diameter of the
cuttings was measured in cm by the use of a calliper
and a total of 800 cuttings were measured, where
each repetition measured 100 cuttings (20 cuttings x
5 practises).

MATERIALS AND METHODS
Material. As plant material, 25 cm long
cuttings of annual still GF 677 and Rootpac-40
clonal almond (P. dulcis L.) rootstocks were used.
As perlite and plant growth regulators in rooting
environment, IBA (MERC), IAA (MERC), SA
(MERC), MG (Harpin Protein, AMC-TR) made up
the materials of the study.
Methods. In-vivo assay. A floor heating,
perlite filled rooting unit (1.5 m length x 90 cm
width x 40 cm depth ஈ&±1) was used in the
climate chamber. The temperature and moisture
values of the rooting environment were recorded by
using moisture and temperature measurement
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TABLE 1
Results of variance analysis for the investigated characters and mean of sum of squares.
Source of Variance
DF
Fresh cutting number (%)
Cutting diameter (mm) Callus (%)
Replicate (R)
3
1767.50
267254.08
2020.00
Treatment (T)
4
44.00 ns
266800.40*
65.00 ns
Rootstocks (RS)
1
722.50 ns
267254.08 ns
810.00 ns
T x RS
4
6590.00 *
148861.10 ns
1815.00 ns
Error
27
7957.50
659379.2
13930.00
Total
39
17477.50
1848319.8
18640.00
* Df: degrees of freedom; * Significant at the 0.05 probability level; ns= not significant.

To be continue
Source of
Variance
Replicate (R)
Treatment (T)
Rootstocks (RS)
T x RS
Error
Total

DF

Rooting rate (%)

Root lenght (cm)

Root diameter (mm)

3
4
1
4
27
39

260.00
25.00 ns
40.00 ns
485.00 ns
2390.00
3200.00

491.95
535.89 ns
190.09 ns
1401.03 ns
7998.03
10617.00

1851.50
2471.40 ns
1988.10 ns
2754.40 ns
26564.50
35629.90

Root number
(%)
189.90
33.65 ns
52.90 ns
383.85 ns
2451.60
3111.90

* Df: degrees of freedom; * Significant at the 0.05 probability level; ns= not significant.

The study was conducted under in-vivo
conditions in randomized blocks experimental
design in four replicates and in each practise
subject, 20 cuttings from each rootstock were used
for morphologic parameter calculations.

observed in IBA (85.00 %) practise and it was
followed by IAA (75.00 %). The lowest number of
live cutting was observed in control (50.00 %) and
MG (57.00 %) practises. The practise was deemed
to be significant in terms of cutting diameter. The
thickest cutting diameter was observed in MG (6.29
mm), IAA (6.25 mm) and IBA (5.71 mm) practises,
while the thinnest cutting diameter was observed in
SA (4.04 mm) practise. The rooting ratio of the
cuttings was highly low in the study and it was
deemed to be statistically insignificant. In contrast
to our findings [17], the highest rooting ratio in the
Rootpac-R rootstock was observed in control group
(21 %), while in IBA practise, the highest rooting
ratio was observed as 16.7 % in 3.000 ppm practise.
IBA practise did positively affect the number of live
cutting, but its effect on rooting ratio, root quantity
and root length was deemed to be statistically
insignificant. In a study by analysing the rooting
ratio, root quantity and root length effects of
different IBA dosages on 9 different citrus
rootstock cuttings, the highest rooting ratio was
reported to be in 4.000 ppm IBA practise in
Volkamerianada cultivar (73.9 %). IAA practise,
similar to IBA, has positively affected the number
of live cutting, but its effect on rooting ratio, root
quantity and root length was deemed to be
statistically insignificant [18]. In a study conducted
by, 1000 ppm IAA was applied to cappers
(Capparis ovata) cuttings, leading to 33 % rooting
in the cuttings at the end of the study [19]. SA
practise outcomes had a medium degree effect on
the cuttings of both rootstocks, which was similar to
the results of other studies. When applied 100, 200,
  SSP 6$ WR $WDWUN IORZHU¶V FXWWLQJV WKH
highest rooting ratio was observed at 300 ppm,
while the highest callusing ratio was observed in
control and 400 ppm practises [10]. In the study, it

Data analysis. Data collected on different
parameters were analysed statistically by using JMP
statistical software program (5.0.1, SAS Institute,
Cary, NC) for variance analysis and means were
FRPSDUHGXVLQJ)LVKHU¶VSURWHFWHGOHDVWVLJQLILFDQFH
difference (LSD) test at 5 % probability level [16].

RESULTS AND DISCUSSION
The variance analysis table related to the
characteristics studied in the research was given in
Table 1. Looking at Table 1, treatment x rootstock
interaction was found to be statistically significant
meaningful in terms of live cutting quantity, while
in terms of cutting diameter, only the practise was
found to be statistically meaningful (p<0.05), but
the other features (callusing, rooting ratio, root
length, root diameter and root quantity) were found
to be statistically insignificant.
In Table 2, the number of live cuttings and
average cutting diameter values of both rootstocks
were given. Looking at Table 2, the number of live
cuttings in the Rootpac-40 cuttings ranged between
57.50 % - 95.00 %, while in GF 677 cuttings it
ranged between 50.00 % - 85.00 %. In the Rootpac40 cuttings, the highest live cutting quantity was
observed in control (95.00 %) and MG (87.50 %)
practises and they were statistically placed within
the same group. The lowest number of live cutting
was observed in IAA (57.50 %) practise. In the GF
677 cuttings, the highest number of live cutting was
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TABLE 2
The average values of fresh cutting number, cutting diameter for Almound rootstocks.
Fresh cutting number (%)
Treatments
Cutting diameter (mm)
Rootpac-40
GF 677
IBA
65.00bc
85.00a
5.71a
IAA
57.50c
75.00ab
6.25a
SA
70.00abc
65.00ab
4.04b
MG
87.50ab
57.00b
6.29a
Control
95.00a
50.00b
5.52 ab
LSD
29.668
25.158
160.32
CV
25.7*
24.6*
28.07
*Different letters between genotypes denote significant differences at 5% probability level.

control in MG, IAA and IBA practise. It is thought
that the reasons are as follows; Harpin protein
contained in the MG plant activator positively
effects the growth mechanisms in cuttings, hence
positively affecting the physiologic structure of the
cuttings, and IBA and IAA encourages cell
elongation, tissue growth, adventive root growth,
callusing and rooting in plants. At the end of the
study, it was revealed that the plant activator named
MG was a significant effect on live cutting quantity
and cutting diameter, similar to the effect caused by
plant hormones. However, studies that are more
detailed are required on rooting almond rootstock
cuttings with various plant growth hormones and
plant activators in different dosages, by using
different rootstocks and considering the cutting
taking times of the rootstocks.

has been determined that MG practise does not have
a significant effect on rooting ratio and callus
formation on cuttings of both rootstocks, does
positively affect the number of live cuttings in both
rootstocks and increases the cutting diameter. In
contrast to the outcome we have obtained, the study
conducted by on cucumber plant has concluded that
plant activators increase rooting in adventive roots
[20]. In a study conducted by on using cutting to
root clove plant; it was reported that the applied
bio-activator provided the auxin required for the
formation of adventive roots, hence encouraging
rooting [21]. However in another study, the
difficulty of propagating Rootpac-R rootstock with
cutting has been reported [22]. MG, IAA and IBA
practises have increased the cutting diameter in the
cuttings of both rootstocks, when compared to
control. Based on the researches they have
conducted, the authors have reported that following
MG practise, it also activates plant growth systems,
increases root growth, leaf biomass, blossoming
and fruit formation, and helps plants to take more
nutrition and water from soil [23, 24, 25].
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CONCLUSION
Certain parameters examined in the study,
such as callusing, rooting ratio, root length, root
diameter and root quantity, were found to be
statistically insignificant in terms of practise,
rootstock and treatment x rootstock interaction. The
reasons of this can be associated with the fact that
ratio of rooting with cutting is low in nut cultivars.
It can also be associated with the removal time of
the cuttings. However, in terms of live cutting
number, treatment x rootstock, and in terms of
cutting diameter, only treatment was found to be
statistically significant. In the Rootpac-40 almond
rootstock cutting, the highest live cutting quantity
was observed in control and MG treatment, while in
GF 677 cutting, IBA, IAA and SA practises were
found to be more significant than control. Live
cutting number, different practises stood out in both
rootstocks, which may be associated with the use of
different rootstocks in the study. The cutting
diameter values in both rootstocks were higher than
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EFFECTS OF IRON APPLICATION AGAINST CADMIUM
TOXICITY ON GROWTH AND ANTI-OXIDATIVE ENZYME
ACTIVITY IN LETTUCE
Sibel Boysan Canal*, Mehmet Ali Bozkurt
Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Yuzuncu Yil University, Van, Turkey

its transportation from roots to shoots of the plant
[4]. Sewage sludge plays an important role in plant
growth due to the content of soil nitrogen and
organic matters, and prevents plant from the toxic
effects of Cd. Plant growth is associated with the
increased synthesis of heavy metal-binding proteins
in sewage sludge that predicts the breadth of leaf
tissue. Therefore, expansion of leaf tissue results in
relative reduction of Cd accumulation rates [5].
Cd has significant dose-effect relationship with
oxidative stress. Cd toxicity influences on oxidative
stress in terms of increased reactive oxygen radicals
that impedes plant growth [6]. Plant cells set antioxidative protection systems in motion to deal with
harmful effects of reactive oxygen species. The
enzymatic defense mechanism includes superoxide
dismutase
(SOD),
glutathione-S-trans-ferase,
catalase (CAT), ascorbate peroxidase (APX) and
glutathione reductase (GR) [7]. The aim of this study
was to investigate the preventive effects of Fe
application on growth and anti-oxidative enzyme
capacity in response to Cd toxicity. Additionally, we
examined Cd availability in lettuce and soil in the
condition of sewage sludge application.

ABSTRACT
The aim of this study was to investigate the effects
of iron (Fe) application against cadmium (Cd) toxicity on growth parameters, as well as superoxide
dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT) and malondialdehyde (MDA) levels in
lettuce plant and soil. In the field experiment, 20 kg
Cd ha-1, 80 tone ha-1 sewage sludge, 50 kg and 250
kg Fe ha-1 iron were applied. According to field experiment results, 20 kg Cd ha-1 application did not
result in a significant decrease in crop yield. APX
and SOD activities demonstrated a significant increase in response to Cd toxicity; whereas SOD activity revealed a substantial decrease in Fe and sewage sludge applications. Cd application significantly
increased the amount of DTPA-Cd in soil and plant.
50 kg Fe ha-1 application to Cd-contaminated soil
decreased DTPA-Cd level in soil. In comparison to
Cd alone application, sewage sludge treatment in
Cd-applied parcels decreased Cd concentration in
soil and plant. It is concluded that Fe can be utilized
in alleviation of Cd toxicity. Additionally, due to the
low amount of heavy metal in urban sewage sludge,
it did not show a severe toxicity effect and can inhibit
Cd intake because of its organic matter content.

MATERIALS AND METHODS
The field experiment was conducted in the
lands of Faculty of Agriculture, Yuzuncu Yil University. The soil characteristics are presented in
Table 1. These soil characteristics were alike the soil
properties of the study by Alpaslan et al. [8]. Cd,
lead, copper and zinc contents in sewage sludge were
under the threshold values recommended in the soil
pollution control guideline [9].
In the present study, a randomized complete
block design with four-replication trial was carried
out. Each block had 12 applications that made up of
48 total plots. Plot size for each was 3.2 m2 (2m x
1.6m) and each included 40 plants. Fe, Cd, sewage
sludge, and combinations of these applications consisted of 12 applications. The applications are as
follows:
1. Control
2. 50 kg Fe ha-1 (Fe1)
3. 250 kg Fe ha-1 (Fe2)

KEYWORDS:
Cadmium; Iron; Sewage sludge; Lettuce; Crop yield; Antioxidative enzymes

INTRODUCTION
Cadmium (Cd) is largely accumulated in the
leaves of plants that grow in heavy metal contaminated soils [1-2]. Chlorosis is caused by the Cd
toxicity when direct or indirect interactions between
Cd and leaf iron (Fe) content occur.
Presence of high levels of Cd in the plant
growth environment reduces Fe uptake. Chlorosis
caused by Cd is more likely to occur in neutral or
alkaline soils characterized by low Fe availability
[3]. The relationships between Fe and Cd appear to
be reciprocal rather than bidirectional. As Cd inhibits
Fe uptake, Fe in turn represses Cd uptake, as well as
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4. 20 kg Cd ha-1 (Cd)
5. 20 kg Cd ha-1 + 50 kg Fe ha-1 (Cd+Fe1)
6. 20 kg Cd ha-1 + 250 kg Fe ha-1 (Cd+Fe2)
7. 80 ton ha-1 Sewage Sludge (SS)
8. 80 ton ha-1 Sewage Sludge + 50 kg Fe ha-1
(SS+Fe1)
9. 80 ton ha-1 Sewage Sludge + 250 kg Fe ha-1
(SS+Fe2)
10. 80 ton ha-1 Sewage Sludge + 20 kg Cd ha-1
(SS+Cd)
11. 80 ton ha-1 Sewage Sludge + 20 kg Cd ha-1 + 50
kg Fe ha-1 (SS+Cd+Fe1)
12. 80 ton ha-1 Sewage Sludge + 20 kg Cd ha-1 + 250
kg Fe ha-1 (SS+Cd+Fe2)
The soil samples were air dried in a shadowy
place and passed through a 2 mm sieve. In line with
the guidelines, soil texture was determined by
Bouyoucous hydrometer method [10]. Using 1:2.5
soil-water mixture soil, pH was measured [11]. Lime
content was calculated using Scheibler calcimeter
[12]. Soil organic matter was determined using by
Walkley Black method [13]. Total N was measured
using Kjeldahl method [14]. Exchangeable K, Ca,
and Mg were extracted with a 1N NH4-Ac solution
[15] Available Fe, Cu, Zn, Mn, and Cd were
extracted with DTPA and then measured using AAS
technique [16].

homogenized samples were centrifuged at 10,000 g
for 5 minutes. The supernatant was used as a crude
enzyme extract for SOD and CAT enzyme analyses.
Catalase (CAT) activity (EC 1.11.1.6) was
determined as a decrease in absorbance at 240 nm
for 1-min, following the decomposition of H2O2
[17]. The reaction mixture (3 ml) contained 50 mM
phosphate buffer (pH 7.0), 15 mM H2O2 and 50 ml
crude enzyme extract. Superoxide dismutase (SOD)
activity was assayed by the nitroblue tetrazolium
(NBT) method [18]. The reaction mixture (3 ml)
contained 50 mM Na-phosphate buffer, pH 7.3, 13
mM methionine, 75 μM NBT, 0.1 mM EDTA, 4μM
ULERÀDYLQ DQG HQzyme extract (0.2 ml). Ascorbate
peroxidase (APX) activity was determined following
the decrease of ascorbate by measuring the change
in absorbance at 290 nm for 1 min in 2 ml of a
reaction mixture containing 50 mM KH2PO4 (pH
7.0), 1 mM EDTA-Na2, 0.5 mM ascorbic acid, 0.1
mM H2O2 and 50 ml of crude enzyme extract [19].
The levels of lipid peroxidation were measured in
terms of malondialdehyde (MDA) content, a product
of lipid peroxidation. Leaf sample (0.5 g) was
homogenised in 10 mL of 0.1% trichloro acetic acid
(TCA). The homogenate was centrifuged at 15,000g
for 5 minutes. To 1.0 ml aliquot of the supernatant
4.0 ml of 0.5% thiobarbituric acid (TBA) in 20%
TCA was added. After centrifugation at 10,000g for
10 min, the absorbance of supernatant was recorded
at 532 nm. The value for non-specific absorption at
600 nm was subtracted. The MDA equivalent was
calculated [20].

Enzyme Analysis in Plant Sample. Enzymatic measurements were carried out at 0-40C. Fresh
samples (1 g) were homogenized in 5 mlt 100 mM
potassium phosphate buffer (pH 7.6) containing 1
mM EDTA-Na and 100 mM KH2PO4. The

TABLE 1
Characteristics of field experiment soil and sewage sludge
Texture
pH (1/2.5)
Salt, dS m-1
Lime, %
Organic Material, %
Total N, %
Available P, mg kg-1
Exchangeable cations
mg kg-1
K
Ca
Mg
Extractable with DTPA
mg kg-1
Fe
Zn
Cu
Mn
Cd
Pb
Total elements
%
P
K
Fe
mg kg-1
Zn
Cu
Mn
Cd
Pb

Field Experiment Soil
Sandy clay loam
8.66
0.17
12.46
1.67
0.056
8.21

Sewage Sludge
6.76
2.24
30.0
2.40
-

532
1607
395

-

1.96
0.83
0.73
14.03
0.042
0.55

-

-

0.42
0.43
1.83

-

320
91
446
1.84
28.8
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TABLE 2
Effects of Cd (20kg ha-1), Fe (50 ve 250 kg ha-1) and sewage sludge applications on yield parameters in
lettuce
Applications
Control
Fe1 (50 kg ha-1)
Fe2 (250 kg ha-1)
Cd (20 kg ha-1)
Cd + Fe1
Cd + Fe2
SS (80 ton ha-1)
SS+Fe1
SS+Fe2
SS+Cd
SS+Cd+Fe1
SS+Cd+Fe2

Head Circle (cm)
26.3 a*
25.6 a
26.1 a
25.7 a
25.6 a
26.3 a
39.1 c
42.6 c
41.3 c
40.0 c
34.5 b
43.0 c

Plant length (cm)
31.6 a
33.9 a
34.7 a
31.9 a
32.6 a
34.0 a
45.1 b
49.3 b
46.3 b
47.0 b
45.2 b
45.5 b

Leaf number (per/plant)
24.7 a
28.4 a
25.5 a
25.0 a
24.2 a
25.4 a
36.9 b
35.8 b
34.7 b
35.2 b
35.9 b
39.4 b

Plant weight (g/plant)
303.1 a
328.5 a
312.0 a
293.9 a
294.8 a
313.4 a
766.1 b
869.8 c
761.1 b
789.0 bc
705.3 b
779.5 bc

Crop yield (kg/plot)
4.85 a
5.26 a
4.99 a
4.69 a
4.70 a
5.01 a
12.3 b
13.9 c
12.2 b
12.6 bc
11.3 b
12.5 bc

NOTE. *: Statistically significant mean differences are indicated with different letters in the same column
(p<0.05).
TABLE 3
Effects of Cd (20kg ha-1), Fe (50 ve 250 kg ha-1) and sewage sludge applications on anti-oxidative enzyme
activity in lettuce
Applications
Control
Fe1 (50 kg ha-1)
Fe2 (250 kg ha-1)
Cd (20 kg ha-1)
Cd + Fe1
Cd + Fe2
SS (80 ton ha-1)
SS + Fe1
SS+ Fe2
SS + Cd
SS+ Cd+ Fe1
SS+Cd+ Fe2

APX mmol g-1F.W.Min1
0.45 a*
0.45 a
0.42 a
0.66 b
0.69 b
0.54 b
0.51 a
0.46 a
0.48 a
0.59 b
0.60 b
0.48 a

Katalaz mmol g-1F.W.Min-1
0.029
0.023
0.030
0.033
0.032
0.031
0.026
0.030
0.027
0.030
0.034
0.026

SOD Unite g-1 F.W.
0.22 a
0.19 a
0.21 a
0.30 b
0.28 b
0.23 a
0.23 a
0.20 a
0.20 a
0.20 a
0.22 a
0.22 a

MDA nmol g-1F.W.
1.38
1.85
1.98
2.49
2.75
1.99
2.16
1.74
2.12
2.30
2.10
2.20

NOTE. *: Statistically significant mean differences are indicated with different letters in the same column (p<0.05)

properties may be attributable to high organic matter
and nutrient content in sewage sludge. But, the
sludge contains heavy metals and toxic elements that
were also expected to influence negatively on plant
growth. However there have been advances in the
solidification process of sludge for environmental
protection and sustainable use of waste [25]. In a
similar study, the sewage sludge application caused
significant increase in shoot and root dry weight of
maize [26]. Sewage sludge application resulted in
significant increase in total biomass and grain yield
of corn, and as well as total N, available P and K, pH,
total salt and organic matter content of sandy loam
soil [27].
Amounts of sewage sludge application resulted
in a rise in plant height, and fresh and dry root weight
and shoot weight [28]. As such, in a sewage sludge
study using alfalfa plant, Kusvuran et al. [29]
reported that higher amounts of sewage sludge were
predictive of increased crop yield. Similar findings
were reported for maize-straw-derived biocar on rice
in cadmium contaminated soil [30].

Air dried plant samples were digested with a
mixture of HNO3-HClO4 acids and analyzed for the
concentration of Cd, Fe, Zn, Cu and Mn by using
atomic absorption spectrophotometer [21]. SPSS
13.0 software package was used for statistical
analyses [22].

RESULT AND DISCUSSION
Plant Growth. Effects of Cd and Fe
applications on crop yields did not significantly differentiate from the control (Table 2). The unsubstantial differences in crop yield may be attributable
to high pH and lime levels in experiment soil, as well
as relatively low levels of Cd doses.
A trial study of contaminated soils with heavy
metals demonstrated that additional lime and dolomite have significant impacts on reducing the toxic
effects of cadmium [23]. On recent years, sewage
treatment has received increased attention [24]. In
the current study, the yield values obtained from the
application of sewage sludge were higher than those
which were not applied sewage sludge (Table 2).
Improvement of soil physical and chemical

Anti-oxidative enzyme activity and MDA
level. In the current study, Cd application to soil
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significantly increased SOD and APX activity in
lettuce. However, 250 kg Fe ha-1 application in Cdcontaminated experiment soil decreased SOD activity (Table 3). This can be attributable to Fe application that may alleviate the Cd toxicity. These
results were consistent with the literature; however,
anti-oxidant enzyme activity varies as a function of
plant type and amount of Cd in soil. [31, 32].
Experimental research has consistently
reported that Cd toxicity caused an increase in enzyme activity; in contrast, additional Fe application
was associated with decreased CAT, SOD, and POD
activity [33, 34, 35]. The experiment conducted with
rice plants in Cd-induced oxidative stress conditions
demonstrated that SOD and POD enzyme activities
were associated with Fe levels. Decreased SOD and
POD enzyme activities were observed in low and
moderate levels of Fe; whereas SOD activity was
decreased in high levels of Fe [36]. In the current
study, Cd, Fe and sewage sludge applications did not
result in a significant change in MDA activity as an
indicator of oxidative stress. APX and SOD activity
did not change in sewage sludge application
compared to control. On the other hand, in
comparison to Cd application alone, sewage sludge
application in Cd-contaminated soils decreased SOD
activity in the field experiment (Table 3). The
alleviated activity of SOD may be ascribed to
organic matter contents in sewage sludge which may
fix the heavy metal by bonding in the soil. Han et al.
[5] suggested that sewage sludge reduces the toxic
effect of Cd in birch seedlings. As with the birch
seedlings, for the cadmium applied poplar seedlings,
organic quality liquid fertilizer enhanced plant
growth in shoots and leaves, and dry weight, which
may be interpretable as the application was effective
in reducing the toxicity of cadmium [37].

Micro nutrient and heavy metal content in
plant and soil. We found that Cd application to the
soil significantly decreased Fe content in plant (see,
Table 4). In comparison to control, plant Cd content
increased in Cd application. However, additional
sewage sludge application reduced plant Cd content
compared to Cd application per se.
The antagonistic relationship between Fe and
Cd has been well-established in the literature [38, 39,
40, 34, 41]. Wu et al. [42] argued that Cd was
inversely associated with Fe uptake and transportation in plants. In comparison to controls, DTPA- Fe,
Zn, and Cu contents did not significantly differ in Cd
and Fe applications; whereas additional sewage
sludge application resulted in a significant increase
in DTPA, Fe, Zn and Cu contents (Table 5).
Consistent with the current findings, research has
pointed out that sewage sludge application increases
DTPA-Fe, Mn, Zn and Cu [43, 44, 45, 46].
Admittedly, Cd application has dose-effect relationship with Cd content in plant and soil. On the
other hand, Cd + 50 kg ha-1 Fe application caused a
decrease in DTPA- Cd content (Table 5). Similar
studies showed that Fe oxides absorb heavy metals
such as Cd and cause it to precipitate [47]. Aroa et
al. [48] found that oxidation reduction reactions have
significant impact on Fe resolution that leads Cd
precipitation in soil.
The application of sewage sludge was not a
significant determinant of Cd content in plant and
soil. This may be because of that heavy metal content
in sewage sludge was relatively low. Furthermore,
the high lime content and pH of the soil might cause
a decrease in the solubility of heavy metals. Similar
to these results, Korboulewsky et al. [49] reported
that greater levels of sewage sludge application in
the vineyard soil did not contribute to the
concentration of total and available heavy metals in
the soil.

TABLE 4
Effects of Cd (20kg ha-1), Fe (50 ve 250 kg ha-1) and sewage sludge applications on micro nutrient and Cd
content in lettuce (mg kg-1)
Applications
Control
Fe1 (50 kg ha-1)
Fe2 (250 kg ha-1)
Cd (20 kg ha-1)
Cd + Fe1
Cd + Fe2
SS (80 ton ha-1)
SS + Fe1
SS+ Fe2
SS + Cd
SS+ Cd+ Fe1
SS+Cd+ Fe2

Fe
132 b*
133 b
131 b
104 a
112 a
112 a
109 a
135 b
129 b
100 a
107 a
99 a

Zn
21.8 a
21.3 a
20.4 a
18.8 a
19.8 a
21.4 a
29.8 b
29.8 b
27.1 b
28.5 b
29.5 b
28.2 b

Cu
4.89
5.24
5.41
5.09
4.86
5.83
4.96
4.58
4.25
3.87
4.74
4.55

Mn
39.7 b
40.7 b
37.7 b
35.5 b
31.6 a
46.0 b
30.2 a
33.7 a
28.5 a
21.9 a
38.5 b
37.1 b

Cd
0.16 a
0.14 a
0.17 a
1.35 c
1.46 c
1.47 c
0.17 a
0.17 a
0.16 a
0.75 b
0.69 b
0.64 b

NOTE. *: Statistically significant mean differences are indicated with different letters in the same column (p<0.05)
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TABLE 5
Effects of Cd (20kg ha-1), Fe (50 and 250 kg ha-1) and sewage sludge applications on DTPA micro element
and Cd amount in field soils (mg kg-1)
Applications
Control
Fe1 (50 kg ha-1)
Fe2 (250 kg ha-1)
Cd (20 kg ha-1)
Cd + Fe1
Cd + Fe2
SS. (80 ton ha-1)
SS + Fe1
SS+ Fe2
SS + Cd
SS+ Cd+ Fe1
SS+Cd+ Fe2

Fe
1.95 a*
2.39 a
2.42 a
2.39 a
2.63 a
2.56 a
4.58 b
4.91 b
5.49 b
4.54 b
5.18 b
5.62 b

Zn
0.87 a
0.63 a
0.73 a
0.56 a
0.53 a
0.57 a
8.74 b
5.32 b
9.76 b
5.00 b
7.54 b
5.90 b

Cu
0.95 a
0.95 a
1.39 a
0.85 a
0.91 a
0.95 a
2.24 b
1.65 a
2.49 b
1.67 a
1.76 a
1.76 a

Mn
13.3 b
12.6 a
14.3 b
12.6 a
12.6 a
11.7 a
15.6 b
16.9 b
17.8 b
14.9 b
17.8 b
17.9 b

Cd
0.040 a
0.045 a
0.032 a
4.27 c
2.77 b
3.33 bc
0.060 a
0.050 a
0.050 a
2.45 b
2.17 b
2.02 b

NOTE. *: Statistically significant mean differences are indicated with different letters in the same column (p<0.05)

[3] Das, P., Samantaray, S. and Rout, G.R. (1997)
Studies on cadmium toxicity in plants. Environmental Pollution 98, 29-36.
[4] Siedlecka, A. and Krupa, Z. (1999) Cd/Fe
interaction in higher plants. Its consequence for
the photosynthetic apparatus. Photosynthetica
36(3), 321-331.
[5] Han, S.H., Lee, J.C., Oh, C.Y. and Kim, P.G.
(2006) Alleviation of Cd toxicity by composted
sewage sludge in Cd-treated Schmidt birch
(Betula schmidtii) seedling. Chemosphere 65,
541-546.
[6] Fediuc, E. and Erdei, L. (2002) Physiological
and biochemical aspects of cadmium toxicity
and protective mechanisms induced in Phragmites australis and Typha latifolia. Journal of
Plant Physiology 159, 265-271.
[7] Hana, S., Rachid, R., Ibtissem, S., Houria, B.
and Mohammed-Reda, D. (2008) Induction of
anti-oxidative enzymes by cadmium stres in
tomato (Lycopersicon esculentum). African
Journal of Plant Science 2(8),72-76.
[8] Alpaslan, M., Gunes, A. and Inal, A. (1998)
Deneme Teknigi Ankara Universitesi Ziraat
Fakultesi Yayinlari:1501, Ders Kitabi:423,
Ankara.
[9] Anonymous (2005) T.C. Resmi Gazete. Toprak
Kirliligi Kontrolu Yonetmeligi Yayin No:
25755, Ankara.
[10] Bouyoucous, G.D. (1951) A recalibration of the
hydrometer method for making mechanical
analysis of soil. Agronomy Journal 43, 434-438.
[11] Jackson, M.L. (1958) Soil Chemical Analysis.
Prentice Hall, Inc. New Jersey, USA.
[12] Hizalan, E. and Unal, E. (1966) Topraklarda
Onemli Analizler. Ankara Universitesi Ziraat
Fakultesi Yayinlari:273, Ders Kitabi, 466,
Ankara.
[13] Walkley, A. (1947) A critical examination of a
rapid method for determining organic carbon in
soils: Effect of variation in digestion conditions
and inorganic soil constituent. Soil Science 63,
251-263.

CONCLUSION
20 kg Cd ha-1 application did not cause a
significant decrease in crop yield. However, the Cd
content in the lettuce increased SOD and APX enzyme activity, which was an indicator of enhanced
plant stress in response to Cd application. Under the
Cd toxicity condition, Fe application had significant
influence on SOD activity in plant and on the amount
of DTPA-Cd in the soil. SOD activity and Cd content
in plant as well as DTPA- Cd levels were
significantly varied as a function of sewage sludge.
In comparison to Cd application alone, sewage
sludge plus Cd application was effective in
alleviating Cd toxicity. In the current investigation,
it is concluded that Fe can be utilized in alleviation
of Cd toxicity. Sewage sludge did not show a severe
toxicity effect probably due to the low amount of
heavy metal and inhibited Cd intake because of its
organic matter content.
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SPECTROSCOPIC CHARACTERIZATION OF DISSOLVED
ORGANIC MATTER FROM ANAEROBIC LEACHATE
DIGESTION IN AN SBBR WITH MICROBUBBLES
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6FKRRORI(QYLURQPHQWDODQG&KHPLFDO(QJLQHHULQJ6KDQJKDL8QLYHUVLW\6KDQJKDL35&KLQD

6WDWH(QYLURQPHQWDO3URWHFWLRQ.H\/DERUDWRU\RI6LPXODWLRQDQG&RQWURORI*URXQGZDWHU3ROOXWLRQ
&KLQHVH5HVHDUFK$FDGHP\RI(QYLURQPHQWDO6FLHQFHV%HLMLQJ35&KLQD

6FKRRORI5HVRXUFHVDQG(QYLURQPHQWDO6FLHQFH:XKDQ8QLYHUVLW\+XEHL:XKDQ35&KLQD
.H\/DERUDWRU\RI8UEDQ6WRUPZDWHU6\VWHPDQG:DWHU(QYLURQPHQW0LQLVWU\RI(GXFDWLRQ%HLMLQJ8QLYHUVLW\RI&LYLO(QJLQHHULQJDQG
$UFKLWHFWXUH%HLMLQJ&KLQD
%HLMLQJ9RFDWLRQDO&ROOHJHRI$JULFXOWXUH%HLMLQJ35&KLQD

VRXUFH FRXOG VLJQLILFDQWO\ HQKDQFH WKH SURFHVV E\
LPSURYLQJ PLFURELDO JURZWK KRZHYHU WKH
RSHUDWLRQDOFRVWVZHUHHVWLPDWHGWREHYHU\KLJKRQ
DQ LQGXVWULDO VFDOH ZKHQ YDULRXV FDUERQ UHVRXUFHV
ZHUHFRPELQHGZLWKELRORJLFDOWUHDWPHQWSURFHVVHV
+HQFH D IXUWKHU VWXG\ LV QHHGHG WR GHYHORS PRUH
HIILFLHQWWHFKQLTXHVIRUHQKDQFLQJWKHHIILFLHQF\DQG
UHGXFLQJWKHFRVWVLQYROYHGLQWUHDWLQJDQDHURELFDOO\
GLJHVWHGOHDFKDWHV
%XEEOHV ZLWK GLDPHWHUV VPDOOHU WKDQ VHYHUDO
WHQVRIPLFURPHWHUVDUHGHILQHGDVPLFUREXEEOHV>@
0LFUREXEEOHV KDYH D KLJK LQQHU SUHVVXUH ZKLFK
OHDGV WR WKH VKULQNDJH DQG FROODSVH RI WKH PLFUR
EXEEOH EHQHDWK WKH ZDWHU VXUIDFH >@ 3UHYLRXV
ZRUN SURYLGHG HYLGHQFH WKDW IUHH UDGLFDOV FDQ EH
JHQHUDWHGE\WKHFROODSVHRIPLFUREXEEOHVHYHQLQ
WKH DEVHQFH RI D G\QDPLF VWLPXOXV >@ %HFDXVH
K\GUR[\OUDGLFDOVKDYHDPXFKKLJKHUVWDQGDUGUHGR[
SRWHQWLDO DQG VKRZ LPPHGLDWH UHDFWLYLW\ ZLWK WKH
PDMRULW\ RI RUJDQLF FRPSRXQGV WKH DSSOLFDWLRQ RI
PLFUREXEEOH WHFKQRORJ\ WR VHZDJH VOXGJH LV
FRQVLGHUHGWRLPSURYHWKHELRGHJUDGDELOLW\DQGFHOO
GLVLQWHJUDWLRQ>@6RPHUHVHDUFKHUVKDYHVKRZQWKDW
WKHDSSOLFDWLRQRIDPLFUREXEEOHFROODSVHWHFKQLTXH
OHDGV WR WKH GHFRPSRVLWLRQ RI UHIUDFWRU\ RUJDQLF
FRPSRXQGV>@$OWKRXJKPLFUREXEEOHWHFKQRORJ\
KDVH[HUWHGWKHFDSDELOLW\RIK\GURO\]LQJUHIUDFWRU\
RUJDQLFFRPSRXQGVV\VWHPDWLFVWXGLHVUHJDUGLQJWKH
WUDQVIRUPDWLRQ RI RUJDQLF PDWWHU GXULQJ WUHDWPHQW
ZLWKPLFUREXEEOHWHFKQRORJ\QHHGWREHFRQGXFWHG
&KHPLFDO R[\JHQ GHPDQG &2'  DQG
GLVVROYHGRUJDQLFFDUERQ '2& KDYHEHHQUHJDUGHG
DV VLJQLILFDQW SDUDPHWHUV IRU DQDO\]LQJ WKH
UHODWLRQVKLS EHWZHHQ RUJDQLF PDWWHU WUDQVIRUPDWLRQ
DQG PLFURRUJDQLVP JURZWK >@ 1HYHUWKHOHVV
WKHVH WZR SDUDPHWHUV FDQ RQO\ UHSUHVHQW D JHQHUDO
TXDQWLW\ RI '20 6HYHUDO SK\VLFRFKHPLFDO DQG
VSHFWURVFRSLF SDUDPHWHUV VXFK DV 899LV VSHFWUD
V\QFKURQRXVVFDQ IOXRUHVFHQFH VSHFWUD 6)6 KDYH

ABSTRACT
7R EHWWHU XQGHUVWDQG WKH HIIHFWV RI D VSHFLDO
PLFUREXEEOH ELRGHJUDGDWLRQ SURFHVV RQ WKH
DQDHURELF OHDFKDWH GLJHVWLRQ LQ D VHTXHQFLQJ EDWFK
ELRILOPUHDFWRU 6%%5 XVLQJWKHPLFUREXEEOHVWKH
HYROXWLRQ RI GLVVROYHG RUJDQLF PDWWHU '20  ZDV
LQYHVWLJDWHG XVLQJ 899LV DQG IOXRUHVFHQFH
VSHFWURVFRS\ 7KH SXUSRVH RI WKLV VWXG\ ZDV WR
FRPSDUHWKHPLFUREXEEOHVSHUIRUPDQFHZLWKWKDWRI
DFRQYHQWLRQDOEXEEOHUHDFWRU7KHUHVXOWVVXJJHVWHG
WKDW WKH PLFUREXEEOHV ELRGHJUDGDWLRQ SURFHVV
GHFUHDVHG WKH PROHFXODU ZHLJKW WKH GHJUHH RI
VDWXUDWLRQ DQG DURPDWLF SRO\FRQGHQVDWLRQ DQG WKH
QXPEHU RI R[\JHQFRQWDLQLQJ IXQFWLRQDO JURXSV
0LFUREXEEOHVLQFUHDVHGWKHSURWHLQOLNHDQGKXPLF
OLNH PDWHULDOV DQG IXQFWLRQDO JURXSV VXFK DV
FDUERQ\OV FDUER[\OV K\GUR[\OV DQG HVWHU JURXSV
7KHUHVXOWVLQGLFDWHGWKDWPLFUREXEEOHVFDQLPSURYH
WKH GHJUHH RI ELRFKHPLFDOL]DWLRQ DQG WKH RYHUDOO
HQYLURQPHQWIRUPLFURELDOJURZWK

KEYWORDS:
Microbubbles; Dissolved organic matter (DOM); UV-Vis
spectra; Fluorescence spectra; Anaerobic digestion of
leachates.


INTRODUCTION
6HTXHQFLQJ EDWFK ELRILOP UHDFWRU 6%%5 
WHFKQRORJ\ KDV EHHQ ZLGHO\ XVHG WR WUHDW
DQDHURELFDOO\ GLJHVWHG OHDFKDWHV +RZHYHU LWV
HIIHFWVKDVEHHQOLPLWHGE\SRRUELRGHJUDGDELOLW\WKH
H[SHULPHQWDODQGHQJLQHHULQJUHVXOWVKDYHQRWEHHQ
VDWLVILHGZLWKPHHWLQJHPLVVLRQVVWDQGDUGV>@3DUN
HWDO>@LQYHVWLJDWHGDQDHURELFDOO\GLJHVWHGOHDFKDWH
WUHDWPHQWV DQG IRXQG WKDW WKH DGGLWLRQ RI D FDUERQ
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EHHQ XVHG WR FKDUDFWHUL]H '20 FRPSRVLWLRQ 7KH
VSHFLILFXOWUDYLROHWDEVRUEDQFHDWQP 689$ 
VSHFLILFXOWUDYLROHWDEVRUEDQFHDWQP 689$ 
((DQG$aVSHFWURVFRSLFSDUDPHWHUVFDQ
SURYLGH DGGLWLRQDO LQIRUPDWLRQ RQ WKH VWUXFWXUDO
FKDUDFWHULVWLFV RI '20 HJ LWV DURPDWLFLW\
PROHFXODUZHLJKWDQGIXQFWLRQDOJURXSV ZKLFKFDQ
EHXVHGWRLGHQWLI\WKHVWUXFWXUHDQGELRGHJUDGDELOLW\
RIDQDHURELFDOO\GLJHVWHGOHDFKDWHVDWWKHPROHFXODU
OHYHO>@
7KHREMHFWLYHVRIWKLVVWXG\ZDVWRLQYHVWLJDWH
WKHVWUXFWXUDOFKDUDFWHULVWLFVRI'20REWDLQHGIURP
WKHWUHDWPHQWRIDQDHURELFDOO\GLJHVWHGOHDFKDWHVLQ
DQ 6%%5 ZLWK PLFUREXEEOHV DQG WR H[DPLQH WKH
SHUIRUPDQFHRIWKHUHDFWRU,QDGGLWLRQWKHRUJDQLF
PDWWHUWUDQVIRUPDWLRQPHFKDQLVPDQGFKDQJHVLQWKH
PLFURELDOFRPPXQLW\DUHDOVRLQYHVWLJDWHG

IHGLQWRWKHUHDFWRUDWDIORZUDWHRI/PLQE\WKH
PLFUREXEEOH JHQHUDWRU RU E\ D FRQYHQWLRQDO JDV
GLIIXVHU DQG WKH UHDFWRUV¶ SHUIRUPDQFH ZDV
FRPSDUHG $ PLFUREXEEOH JHQHUDWRU 0*  IURP
%HQ]KRX 1HZ 7HFKQRORJ\ 1DQR %XEEOHV 
3URPRWLRQ &R &KDR\DQJ %HLMLQJ &KLQD  FUHDWHG
PLFUREXEEOHV XVLQJ D J\UDWRU\ DFFHOHUDWRU DQG DQ
HMHFWRU7KHDLUZDVVXSSOLHGWKURXJKDWLWDQLFSRURXV
GLIIXVHUSRVLWLRQHGDWWKHERWWRPRIWKHUHDFWRU7KH
0* WLWDQLF SRURXV GLIIXVHU ZDV F\OLQGULFDO ZLWK D
SRUH VL]H RI  ȝP 7KH PHDQ GLDPHWHU RI WKH
EXEEOHV IURP WKH PLFUREXEEOH V\VWHP ZDV EHORZ
ȝP DVVKRZQLQ)LJ WKHLUQXPHULFDOGHQVLW\
H[FHHGHG  î  FRXQWVP/ DW D JDV ÀRZ UDWH
EHORZ/PLQ>@,QFRPSDULVRQDFRQYHQWLRQDO
EXEEOHJHQHUDWRUPDQXIDFWXUHGE\1DQMLQJ-LQJ/DQ
+XDQ%DR6KH%HL=KL=DR&R &KLQD H[KLELWHGD
IORZUDWHRI/PLQ
14
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FIGURE 2
Microbubble Diameter Distribution Under
Stable Conditions (Supplied By Benzhou New
Technology (Nano Bubbles) Promotion Co.).
FIGURE 1
A Schematic Diagram Of The Sequencing Batch
Biofilm Reactor (Sbbr).

Material Sources. Activated sludge from an
anaerobic tank in a continuous WWTP (Shunyi,
Beijing, China) was used as inoculum for biofilm
formation. The wastewater entering the SBBR was
combined with sewage and anaerobically digested
leachates (WWTP Shunyi, Beijing, China). After
this combination, the resulting wastewater was
immediately transferred to the reactor. The
complexity of the selected composite chemical
wastewater was assessed on the basis of the COD
concentration (500 mg L-1) and the DOC
concentration (80 mg L-1).

MATERIALS AND METHODS
([SHULPHQWDO (TXLSPHQW $ VFKHPDWLF
GLDJUDPRIWKHH[SHULPHQWDOHTXLSPHQWLVSURYLGHG
LQ Fig. 1 7KH H[SHULPHQWDO V\VWHP LQFOXGHV WKUHH
SDUWV WKH ZDWHUEDWK V\VWHP WKH UHDFWRU DQG WKH
DHUDWRU 7KH WHPSHUDWXUH ZDV PDLQWDLQHG DW &
WKURXJKRXW WKH H[SHULPHQW XVLQJ D WKHUPRVWDWHG
MDFNHW $ ODERUDWRU\VFDOH UHDFWRU ZLWK DQ LQWHUQDO
GLDPHWHURIPPDQGDZRUNLQJYROXPHRI/
ZDV IDEULFDWHG IURP 3OH[LJODV ZKLFK LV QRW HDVLO\
EURNHQ RU GHIRUPHG DQG WKXV DOORZV HDV\
REVHUYDWLRQRIWKHELRILOPFDUULHUVLQVLGHWKHUHDFWRU
&DUERQ ILEHU ZDV YHUWLFDOO\ DUUDQJHG LQVLGH WKH
UHDFWRUDVWKHELRPDVVFDUULHUWRVXSSRUWWKHELRILOP
IRUPDWLRQ$FWLYDWHGVOXGJHIURPDQDQDHURELFWDQN
LQDFRQWLQXRXV::73 6KXQ\L%HLMLQJ&KLQD ZDV
XVHGDVWKHLQRFXOXPIRUELRILOPIRUPDWLRQ$LUZDV

Sample Collection. Water samples were
collected from the reactors every hour and passed
through pre-ZDVKHG ȝP membrane filters. The
containers were pre-conditioned with successive
Milli-Q water rinses.
Analytical Methods. The COD was measured
according to Chinese SEPA Standard (State
Environmental Protection Administration, 2002).
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FIGURE 3
Changes In The Cod And Doc Concentrations During The Reaction Processes.
The DOC concentrations of all samples were
measured using an Analytik Jena Multi N/C 2100
TOC analyzer (Analytik Jena, Jena, Germany) set at
approximately 15 mg L-1 for the UV-Vis and
fluorescence analyses.
899LV VSHFWURVFRS\ ZDV SHUIRUPHG ZLWK D
6KLPDG]X 89 3& VSHFWURSKRWRPHWHU
6KLPDG]X.\RWR-DSDQ ZLWKLQDZDYHOHQJWKUDQJH
RI  QP 689$ 689$ YDOXH ZDV
PHDVXUHGDWȜ QPDQGȜ QPDQGWKHQZDV
UHSRUWHGLQWKHXQLWRI/PJP>@7KHLQWHJUDODUHD
ZDV FDOFXODWHG IURP  WR  QP ZKLFK ZDV
GHVLJQDWHGDV$a,QDGGLWLRQWKH((UDWLR
ZDVFDOFXODWHGDVWKHUDWLRRIDEVRUEDQFHDWDQG
 QP >@ )OXRUHVFHQFH VSHFWURVFRS\ ZDV
SHUIRUPHG XVLQJ D OXPLQHVFHQFH VSHFWURPHWHU
+LWDFKL)-DSDQ ZLWKDVDPSOLQJLQWHUYDORI
 QP IRU ERWK WKH H[FLWDWLRQ DQG HPLVVLRQ
PRQRFKURPDWRUVDQGDVFDQVSHHGRIQPPLQ
>@

FRQFHQWUDWLRQVZLWKDJHQHUDOUDWLRRIDSSUR[LPDWHO\
>@+RZHYHUWKHSKHQRPHQRQLQWKLVVWXG\GLG
QRW FRUUHVSRQG WR WKDW LQ WKH SUHYLRXV VWXG\ DQG
VLJQLILFDQW GLIIHUHQFHV LQ '2& DQG &2'
FRQFHQWUDWLRQV EHWZHHQ WKH WZR REVHUYHG UHDFWRUV
ZHUHSRROHGIRUIXUWKHUDQDO\VLV7KHRQO\GLIIHUHQFH
EHWZHHQ WKH WZR UHDFWRUV GHSHQGHG RQ WKH
PLFUREXEEOHV 7KXV WKH LQFUHDVHG '2&
FRQFHQWUDWLRQ LQ WKH PLFUREXEEOH UHDFWRU ZKLFK
ZDVQRWUHJXODUO\REVHUYHGLQRWKHUUHFHQWO\UHSRUWHG
UHVHDUFK ZDV FDXVHG E\ GLIIHUHQFHV LQ EXEEOH
FKDUDFWHULVWLFVEHWZHHQWKHWZRUHDFWRUV-DIIpHWDO
>@ UHSRUWHG WKDW WKH FKDQJHG '2& FRQFHQWUDWLRQ
UHIOHFWHGWKHLQFUHDVHGDPRXQWRIGLVVROYHGRUJDQLF
PDWWHU '20 7KHUHIRUHWKHXQFRPPRQFKDQJHLQ
WKH'2&LVWKRXJKWWREHFRQQHFWHGWR'20LQSXW
7KH 899LV DEVRUSWLRQ DQG IOXRUHVFHQFH
VSHFWURVFRS\UHVXOWVZHUHFRQVHTXHQWO\H[DPLQHGWR
LPSURYH WKLV DQDO\VLV DQG WR SUREH WKH LQWHUQDO
PHFKDQLVP



UV-Vis Spectroscopy. UV-Vis spectroscopy
is a common source indicator that depends on the
structural complexity and molecular weight of
DOM. As shown in Fig. 4a and 4b, all the absorption
spectra for the samples were similar and exhibited a
clear shoulder at approximately 280 nm, which is
strongly correlated with aromatic organic matter in
DOM [19-20]. The absorbance of the samples collected
from the contrast reactor decreased with increasing
reaction time, whereas it unexpectedly increased in
the micro-bubble reactor. This result indicated that
the aromatic and saturated components gradually
dominated the DOM in the contrast reactor, whereas
the opposite trend was observed in the micro-bubble
reactor.
Fuentes et al. [23] postulated that DOM
absorption spectra were closely related to the degree
of aromaticity and the molecular weight, and these
data could provide important information about the
chemical structure of DOM. Therefore, SUVA280,
SUVA254, E253/E203 and A226~400 were

RESULTS AND DISCUSSION
COD and DOC. Microorganisms only use
organic matter when it is dissolved in water because,
as the DOC content of the DOM increases, the
biodegradable compounds increased and microorganisms become more active [16]. The DOC
concentrations of all samples obtained from the two
reactors are presented in Fig. 3. The COD and DOC
contents gradually decreased in the contrast reactor
and reached final values of 160.12 mg L-1 and 17.35
mg L-1 with increasing reaction times, whereas the
DOC content in the micro-bubble reactor decreased
during the first 2 hours and suddenly increased from
76.15 mg L-1 to 83.83 mg L-1; thus, the DOC content
of the effluent was much greater than that of the
influent water.
7KH SUHVHQW VWXG\ IUHTXHQWO\ VXJJHVWHG D
FRUUHODWLRQEHWZHHQWKH'2&FRQWHQWDQGWKH&2'
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FIGURE 4
Uv-Vis Spectra Of The Dom During The Reaction Processes.
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FIGURE 5
Specific Absorption Value Of Dom During The Reaction Processes.
PHDVXUHGWRLQYHVWLJDWHWKHVHFKDUDFWHULVWLFVLQGHWDLO
$VSUHVHQWHGLQ)LJDWKH689$YDOXHLQFUHDVHG
IURPWRLQWKHFRQWUDVWUHDFWRUZLWKWKH
WLPHV FKDQJLQJ VXJJHVWLQJ WKDW WKH DURPDWLFLW\ RI
WKH '20 LQFUHDVHG LQ WKH FRQWUDVW UHDFWRU GXH WR
ELRGHJUDGDWLRQRIRUJDQLFPDWWHU>@+RZHYHUWKH
FKDQJHVRI689$YDOXHZDVUHYHUVHGIURP
WRLQWKHPLFUREXEEOHUHDFWRUZKLFKUHSUHVHQW
D GHFUHDVLQJ GHJUHH RI '20 DURPDWLFLW\ $V
SUHVHQWHGLQ)LJEWKH689$YDOXHIRUWKH'20
LQFUHDVHG E\   LQ WKH FRQWUDVW UHDFWRU
LQGLFDWLQJ WKDW WKH PROHFXODU ZHLJKW GLVWULEXWLRQ
FKDQJHGVXEVWDQWLDOO\ZLWKODUJHUPROHFXODUZHLJKWV
GRPLQDWLQJWKH'20>@+RZHYHUWKHPROHFXODU
ZHLJKW GHFUHDVHG E\   LQ WKH PLFUREXEEOH
UHDFWRU ZKLFK PHDQV WKDW WKH DYHUDJH PROHFXODU
ZHLJKW ZDV GHFUHDVLQJ 7KH PROHFXODU ZHLJKW
JHQHUDOO\LQFUHDVHGZLWKDQLQFUHDVHLQWKHEHQ]HQH
ULQJFRQFHQWUDWLRQVXJJHVWLQJWKDWDWWKHVDPH'2&
FRQFHQWUDWLRQWKH
KXPLFVXEVWDQFHVLQWKHFRQWUDVWUHDFWRUH[KLELWHGD
ODUJHGHJUHHRIDURPDWL]DWLRQZKHUHDVWKRVHLQWKH
PLFUREXEEOHUHDFWRUH[KLELWHGOHVVDURPDWL]DWLRQ
7KHUDWLRRIWKHDEVRUEDQFHDWDQGQP
LH ((  LV UHODWHG WR WKH IXQFWLRQDO JURXS
FRPSRVLWLRQRIWKHDURPDWLFULQJLQFUHDVHGLQWKH

SUHVHQFHRISRODUIXQFWLRQDOJURXSVVXFKDVFDUERQ\O
FDUER[\O K\GUR[\O DQG HVWHU JURXSV DQG GHFUHDVHG
LQWKH SUHVHQFHRI QRQSRODUIXQFWLRQDO JURXSVVXFK
DV DOLSKDWLF >@ ,Q WKH )LJ D WKH (( UDWLR
GHFUHDVHGIURPWRLQWKHFRQWUDVWUHDFWRU
VXJJHVWLQJWKDWWKHDURPDWLFVWUXFWXUHVLQWKH'20
H[KLELWHG D JUHDWHU GHJUHH RI VXEVWLWXWLRQ ZLWK
R[\JHQFRQWDLQLQJIXQFWLRQDOJURXSVRYHUWLPH7KLV
UHVXOWLVFRQVLVWHQWZLWKWKDWUHSRUWHGE\9LH\UDHWDO
>@1HYHUWKHOHVVWKHUDWLRLQFUHDVHGLQWKHPLFUR
EXEEOH UHDFWRU ZKLFK VXJJHVWHG WKDW WKH FDUERQ\O
FDUER[\O K\GUR[\O DQG HVWHUJURXSV DSSHDUHG7KH
RYHUDOOLQWHQVLW\DW$aUHIOHFWVWKH'20IHDWXUHV
>@
,QWKLVVWXG\ )LJE WKHUHVXOWVLQGLFDWHGWKDW
WKHDEVRUSWLRQYDOXHVDW$aZKLFKDUHGLUHFWO\
SURSRUWLRQDO WR WKH DURPDWLF VWUXFWXUH FRQWHQW
LQFUHDVHGIURPWRLQWKHFRQWUDVWUHDFWRU
&KDQJHV RI $a UHYHDOHG WKDW DURPDWLF
FRPSRXQGV ZLWK EHQ]HQH ULQJV LPSURYHG
VLJQLILFDQWO\GXULQJWKHUHDFWLRQDQGWKHVWDELOLW\RI
HIIOXHQWLPSURYHGZLWKLQFUHDVLQJDURPDWLFLW\,QWKH
PLFUREXEEOHUHDFWRUWKHYDOXHVUDQJHGIURP
WR  LQGLFDWLQJ WKDW WKH GHJUHH RI HIIOXHQW
ELRFKHPLFDOL]DWLRQ LPSURYHG VLJQLILFDQWO\ LQ WKH
PLFUREXEEOHUHDFWRUGXULQJWKHUHDFWLRQ
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Pecific Absorption Ratio Of E253/E203 And Area Integral Of The Uv Absorbance
From 226 To 400 Nm.
(a) 3000

2000
1500

2000
1500

1000

1000

500

500

0
200

250

300

350

400

450

0h
2h
4h
6h
8h
10 h
12 h

2500

Intensity

2500

Intensity

(b) 3000

0h
2h
4h
6h
8h
10 h
12 h

500

Wavelength (nm)

0
200

250

300

350

400

450

500

Wavelength (nm)

FIGURE 7
The Synchronous Fluorescence Intensity Of The Dom.
, GHFUHDVHG IURP  WR  KRZHYHU WKH
LQWHQVLW\RISHDN,,LQFUHDVHGIURPWRDW
QPLQWKHVDPSOHIURPWKHFRQWUDVWUHDFWRU7KH
UHVXOWVRIWKHFRPSDUDWLYHDQDO\VLVLQGLFDWHWKDWWKH
ELRGHJUDGDWLRQ SURFHVV ZLWK FRPPRQ EXEEOHV LV
FKDUDFWHUL]HG E\ D GHFUHDVH LQ WKH SURWHLQOLNH
PDWHULDOVDQGDQLQFUHDVHLQIXOYLFOLNHPDWHULDOVLQ
WKH '20 IUDFWLRQ IURP WKH FRQWUDVW UHDFWRU 7KLV
ILQGLQJ LV FRQVLVWHQW ZLWK D UHSRUW E\ 0DUKXHQGD
(JHDHWDO>@ZKRUHSRUWHGWKDWWKHFRQFHQWUDWLRQV
RIHDVLO\GHJUDGDEOHRUJDQLFFRQVWLWXHQWVGHFUHDVHG
OHDYLQJ RQO\ DURPDWLF VWUXFWXUHV LQ WKH UHDFWRU
%HFDXVH ZH KDYH FRQILUPHG WKDW WKH PDMRU
V\QFKURQRXV IOXRUHVFHQFH SHDN DW DSSUR[LPDWHO\
QPLVSULPDULO\GHULYHGIURPWKHELRGHJUDGDEOH
DURPDWLFDPLQRDFLGVSUHVHQWHGLQGLVVROYHGRUJDQLF
PDWWHU WKH UHGXFHG LQWHQVLW\ RI SHDN , LV D FOHDU
LQGLFDWLRQ RI WKH UHPRYDO HIILFLHQF\ IRU DURPDWLF
DPLQR DFLGV DQG VRPH RWKHU YRODWLOH DFLGV E\
ELRFKHPLFDO R[LGDWLRQ SURFHVVHV LQ WKH FRQWUDVW
UHDFWRU +RZHYHU LQ WKH PLFUREXEEOH UHDFWRU WKH
VSHFWUDRIWKHVDPSOHVVKRZHGWKDWWKHLQWHQVLWLHVRI
ERWK SHDN , DQG SHDN ,, LQFUHDVHG ZKLFK UHYHDOHG
WKDWWKHWRWDO'20LQFUHDVHGZLWKWKHPLFUREXEEOH
HIIHFW>@

Synchronous-Scan Fluorescence Spectra
(SFS). The synchronous fluorescence spectra (SFS)
of the DOM for all samples are provided in Fig. 7.
Two major peaks were identified in the SFS at
approximately 275 nm and 315 nm [26]. Peaks I
(250-308 nm) and II (308-363 nm) were referred to
as the protein- and fulvic-like region, which were
thought to indicate the presence of dissolved
proteinaceous materials and humic substances,
respectively. Compared to the intensity of the peak
at 275 nm, that of the peak at 315 nm was relatively
weak. The intensities of the major peaks at 275 nm
and 315 nm were decreased in the samples from the
contrast reactor and increased in the samples from
the micro-bubble reactor, respectively. According to
He et al. [15] organic substances with fluorescence
signals at short wavelengths are associated with the
presence of simple structural components with a low
degree of aromatic polycondensation, whereas
fluorescence signals at long wavelengths are related
to the presence of complex structural components
with a high degree of conjugation [27].
7R REWDLQ D PRUH DFFXUDWH DQDO\VLV WKH
FRUUHVSRQGLQJ FKDQJHV LQ 6)6 LQWHQVLWLHV ZHUH
DQDO\]HGIRUWKH'207KHLQWHQVLWLHVLQPDMRUSHDN
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7KH VSHFWUD FKDUDFWHUL]DWLRQ DQDO\VLV VKRZHG
WKDW WKH HDVLO\ ELRGHJUDGDEOH FRPSRXQGV RI
DQDHURELF OHDFKDWH GLJHVWLRQ ZHUH VLJQLILFDQWO\
LQFUHDVHG E\ PLFUREXEEOHV ZKLFK LQGLFDWHV WKDW
PLFUREXEEOHV FDQ LPSURYH WKH GHJUHH RI
ELRFKHPLFDOL]DWLRQWKHRUJDQLFPDWWHUUHVLVWDQFHWR
ELRGHJUDGDWLRQ ZDV GHSUHVVHG DQG WKH RUJDQLF
PROHFXOHV ZHUH SURJUHVVLYHO\ PRUH DYDLODEOH WR
PLFURRUJDQLVPV 7KHUHIRUH 6%%5 ZLWK PLFUR
EXEEOHVZHUHHIIHFWLYHDWHQKDQFLQJWKHWUHDWPHQWRI
DQDHURELFOHDFKDWHGLJHVWLRQ

ACKNOWLEDGEMENTS
7KLV ZRUN ZDV NLQGO\ VXSSRUWHG E\ WKH
1DWLRQDO 6FLHQFHWHFKQRORJ\ 6XSSRUW 3ODQ 3URMHFWV
RI&KLQD %$/% 

REFERENCES
[1] Ho, L. and Ho, G. (2012) Mitigating ammonia
inhibition of thermophilic anaerobic treatment
of digested piggery wastewater: Use of pH
reduction, zeolite, biomass and humic acid.
Water Research 46(14), 4339-4350.
[2] Park, J. H., Kalbitz, K. and Matzner, E. (2002)
Resource control on the production of dissolved
organic carbon and nitrogen in a deciduous
forest floor. Soil Biology and Biochemistry
34(6), 813-822.
[3] Yu, H., Huang, Q., and Zhao, J. (2014)
Fabrication of an Optical Fiber Micro-Sphere
with a Diameter of Several Tens of
Micrometers. Materials 7(7), 4878-4895.
[4] Poh, P. E., Ong, W. Y. J., Lau, E. V. and Chong,
M. N. (2014) Investigation on micro-bubble
flotation and coagulation for the treatment of
anaerobically treated palm oil mill effluent
(POME). Journal of Environmental Chemical
Engineering 2(2), 1174-1181.
[5] Prairie, Y. T., and Giorgio, P. A. D. (2013) A
new pathway of freshwater methane emissions
and the putative importance of microbubbles.
Inland Waters 3(3), 311-320.
[6] Masayoshi, T., Kaneo, C. A., and Pan, L. (2007)
Free-Radical Generation from Collapsing
Microbubbles in the Absence of a Dynamic
Stimulus. Journal of Physical Chemistry 111(6),
1343-1347.
[7] Lin, T., Wu, S., and Chen, W. (2014) Formation
potentials of bromate and brominated
disinfection by-products in bromide-containing
water by ozonation. Environmental Science and
Pollution Research 21(24), 13987-14003.



© by PSP

Volume 26 ± No. 4/2017 pages 2622-2628

Fresenius Environmental Bulletin

containing emerging organic contaminants in
agriculture. Chemical Engineering Transactions 37(37), 817-822.
[18] Jaffé, R., Boyer, J. N., Lu, X., Maie, N., Yang,
C., Scully, N. M. and Mock, S. (2004) Source
characterization of dissolved organic matter in a
subtropical mangrove-dominated estuary by
fluorescence analysis. Marine Chemistry 84(34), 195-210.
[19] Lavonen, E. E., Kothawala, D. N., Tranvik, L.
J., Gonsior and Schmitt-Kopplin, P. (2015)
Tracking changes in the optical properties and
molecular composition of dissolved organic
matter during drinking water production. Water
Research 85, 286-294.
[20] Jin, H., Shin, J., Kang, M. and Cho, J. (2014)
Tracking variations in fluorescent-dissolved
organic matter in an aerobic submerged
membrane bioreactor using excitation±emission
matrix spectra combined with parallel factor
analysis.
Bioprocess
and
Biosystems
Engineering 37(8), 1487-1496.
[21] Aiken, G. R., Spencer, R. G. M., Striegl, R. G.,
Schuster, P. F. and Raymond, P. A. (2014)
Influences of glacier melt and permafrost thaw
on the age of dissolved organic carbon in the
Yukon River basin. Global Biogeochemical
Cycles 28(5), 525±537.
[22] Sun, L., Chang, S. X., Feng, Y. S., Dyck, M. F.,
and Puurveen, D. (2015) Nitrogen fertilization
and tillage reversal affected water-extractable
organic carbon and nitrogen differentially in a
Black Chernozem and a Gray Luvisol. Soil and
Tillage Research 146, 253-260.
[23] Fuentes, M., González-Gaitano, G., José, M.
and García-Mina, J. M. (2006) The usefulness
of UV±visible and fluorescence spectroscopies
to study the chemical nature of humic
substances from soils and composts. Organic
Geochemistry 37(12), 1949-1959.
[24] Vieyra, F. E. M., Palazzi, V. I., Pinto, M. I. S.
D. and Borsarelli, C. D. (2009) Combined UVVis absorbance and fluorescence properties of
extracted
humic
substances-like
for
characterization of composting evolution of
domestic solid wastes. Geoderma 151(3-4), 61±
67.
[25] Zhou, M. and Meng, F. (2015) Using UV±Vis
absorbance spectral parameters to characterize
the fouling propensity of humic substances
during ultrafiltration. Water Research 87, 311319.
[26] Borisova, E., Zhelyazkova, E., Keremedchiev,
M., Penkov, M., Semyachkina, O. and
Glushkovskaya,
L.
(2016)
Avramov
Endogenous synchronous fluorescence spectro
scopy (SFS) of basal cell carcinoma-initial
study. Optics and Spectroscopy 120(1), 38-44.

[27] Gonzaga-Jauregui, C., Harel, T., Gambin, T.,
Kousi, M., GriffinGonzaga-Jauregui, C., Harel,
T. and Gambin, T. (2015) Exome Sequence
Analysis Suggests that Genetic Burden
Contributes to Phenotypic Variability and
Complex Neuropathy. Cell Reports 12(7), 11691183.
[28] Marhuenda-Egea, F. C., Martínez-Sabater, E.,
Jordá, J., Moral, R., Bustamante, M. A.,
Paredes, C. and Pérez-Murcia, M. D. (2007)
Dissolved organic matter fractions formed
during composting of winery and distillery
residues: evaluation of the process by
Àuorescence
excitation-emission
matrix.
Chemosphere 68, 301-309.
[29] Simsek, H., Kasi, M., Ohm, J. B., Blonigen, M.
and Khan, E. (2013) Bioavailable and
biodegradable dissolved organic nitrogen in
activated sludge and trickling filter wastewater
treatment plants. Water Research 47(9), 32013210.



$FFHSWHG



&255(6321',1*$87+25
/HL:DQJ
6WDWH(QYLURQPHQWDO3URWHFWLRQ.H\/DERUDWRU\RI
6LPXODWLRQDQG&RQWURORI*URXQGZDWHU3ROOXWLRQ
&KLQHVH5HVHDUFK$FDGHP\RI(QYLURQPHQWDO
6FLHQFHV%HLMLQJ35&KLQD
HPDLO ZDQJOHLFUDHV#FRP




5HFHLYHG

Volume 26 ± No. 4/2017 pages 2629-2641

© by PSP

Fresenius Environmental Bulletin

ASSESSMENT OF WATER AND SEDIMENT QUALITY OF
RIVERS TOPLLUHA AND SOUTH PART OF DRINI I
BARDHË (KOSOVO) BY INDUCTIVELY COUPLED PLASMA
MASS SPECTROSCOPY ANALYSIS
Naser Troni1, Fatbardh Gashi1,*, Stanislav Franciskovic-Bilinski2, Halka Bilinski2, Fatmir Faiku1
2

1
Faculty of Natural Science, Department of Chemistry, University of Prishtina, Kosovo
Institute Ruÿer Boskoviü, Division for Marine and Environmental Research, 180, HR-10002 Zagreb, Croatia

ment and protection of the environment. Human
health and welfare, food security, industrial
development and the ecosystems on which they
depend on, are all at risk, unless water and land
resources are managed more effectively in the
present decade. Over exploitation of nature and
uncontrolled use of natural resources, including
inadequate processing of industrial wastes have
caused large contamination of world ecosystems by
toxic metals (mercury, lead, cadmium, copper, zinc,
nickel, etc). Decomposition of organic matter and
pollution due to anthropogenic activity are the main
sources of pollution of water and stream sediments
[1]. Over the last two decades enormous progress has
been made due to the knowledge of distri-butions
and chemical behavior of trace elements in earth
hydrology. Chemical determination of trace
elements and distribution of all physical and
chemical forms in traces (speciation) in natural water
equilibrium resources recently is considered as the
main challenge for most of the scientists [2,3]. We
now know the concentrations and distri-butions for
most of the elements in the Periodic table. It is
gained much more insight into their biogeochemical
behavior in the oceans and generally the
investigators accepted that the inter-action of
dissolved trace elements with particles suspended in
seawater is the predominant mecha-nism of the
observed concentration and distribution patterns [4].
,W LV NQRZQ WKDW QDWXUH KDV GHYHORSHG EHVW ³DXWR
SXULILFDWLRQ´ PHFKDQLVPV EXW LW LV H[WUHPHO\
important to have knowledge about precipitation,
dissolution, adsorption and redox processes, which
regulate water-sediment system. Based on combined
results, it is possible to propose protection and
detoxification measures of affected locations. The
pollution of the aquatic environment with heavy
metals has become a worldwide problem during
recent years, because they are indestructible and
most of them have toxic effects on organisms.
Among environmental pollutants, metals are of
particular concern, due to their potential toxic effect
and ability to bioaccumulate in aquatic ecosystems
[5]. Heavy metal concentra-tions in aquatic
ecosystems are usually monitored by measuring

ABSTRACT
The main objective of this study was to perform
chemical analysis of water and sediment of Toplluha
and Drini i Bardhë (south part) rivers by ICP-MS and
to assess the quality of water and sediments.
Statistical studies have been carried out by
calculating basic statistical parameters and
anomalies (extremes and outliers). Concentrations of
elements in water are compared with concentrations
of the same elements found in sediments. The
concentration of major and minor elements was
determined by inductively coupled plasma mass
spectroscopy. Our results from ICP-MS analysis
show that mass concentration of aluminum in several
water sample stations was over allowed
concentration and all other elements in water of
Toplluha and Drini i Bardhë rivers were found in low
concentrations and were under WHO allowed
concentrations. The mass concentrations of nickel,
copper, chromium, cobalt and silver in several
sediment sample stations were over allowed concentrations in accordance with existing criteria for
sediment quality. Statistical analysis presents anomalous values of arsenic and zinc in two sample
stations. The elevated concentrations of cobalt,
arsenic and zinc were from geological origin, where
the source rocks are from the late Paleozoic. We aim
to suggest a permanent network of monitoring
stations situated at the whole course of rivers, where
authorities concerned will continue the regular water
and sediment monitoring, applying WFD (Water
Framework Directive) in Kosovo.

KEYWORDS:
quality assessment, Toplluha and Drini i Bardhë, water,
stream sediments, anomalies, inductively coupled plasma
mass spectroscopy (ICP-MS).

INTRODUCTION
Scarcity and misuse of fresh water pose a
serious and growing threat to sustainable develop-
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The aim of the current work is to perform, a
systematic research on rivers of Toplluha and Drini
i Bardhë, which were not studied before, except
partly Drini i Bardhë river. The distribution of trace
elements and water quality will be assessed. The
sampling sites in rivers are geographically
positioned using geographic information system.
The results were interpreted using modern statistical methods that can be used to locate polluted
regions with anomalous element concentration
values. Selected locations, where certain toxic
elements should be monitored and remediation
possibly performed, were highlighted.

their concentrations in water, sediments and biota
which generally exist in low levels in water and
attain considerable concentra-tion in sediments and
biota [6]. Experimentally is proved that the influence
of metal concentration in biologic processes depend
primary from the free ionic metal and in natural
equilibrium of water resources each of physical and
chemical forms in traces has the different toxicity
[7,8]. It is known that the considerable amount of
metal concentra-tions of aluminum, copper,
cadmium, lead etc. are the most toxics but the
chemical physical connec-tion with natural ligands
reduces physiologic activity, therefore their toxicity
for the flora and fauna in general.
This work is a continuation of earlier studies of
surface waters in Kosovo [9-11]. For better
understanding of sediments as weathering products,
Gashi et al. [12], used XRF analysis for the
comparison with average rock types. XRF analysis
showed that all sediments from Drini i Bardhë plot
in the region of sandstones. According to the
performed chemical analyses, they have noticed that
the most of pollution with Mn and Br were the south
part (end) part of Drini i Bardhë river.
One could claim that the most polluted areas in
the world are those with the densest population. It
should therefore be the foremost goal of
environmentalists to prevent such pollution, and to
educate the population towards proper management
of ecosystems. The research is based on the above
factors as they affect directly and indirectly the water
quality, also except the impact that they have in
aquatic life (water), a major impact will be in biota
where it is known that a large amount of this river
flow is used for irrigation of agricultural lands and
this may be an indirect impact in people's lives as
they consume agricultural products and can be
deposited in the organism of people through the food
chain.

MATERIALS AND METHODS
Study area. The Kosovo section of the Drini i
Bardhë flows entirely in the semi karst part of
Kosovo, in an arcshaped 122 km long course. The
river originates in the southern slopes of the Zhleb
mountain in the northern part of Peja. The Drini i
Bardhë receives many relatively long tributaries:
Lumëbardh of Peja, Lumëbardhi of Deçane and
Ereniku from the right; Istogu, Klina, Mirusha,
Remnik, Toplluha (in south part of Drini i Bardhë
river) and Lumëbardh of Prizren from the left [13].
The study area with the sampling locations and
geology of this region are presented in Fig. 1 and 2.
In terms of geotectonic setting, Kosovo is located
within the Dinaric Mountains. All three divisions
of rocks, namely magmatic, sedimentary and metamorphic, of Precambrian to Quaternary ages are
present in the territory of Kosovo [14]. The
sediments of the rivers in Kosovo are composed of
alluvial deposits containing largely varying
proportions of unconsolidated to semi consolidated
sand and gravel materials [15].

FIGURE 1
Study area with sampling sites.

FIGURE 2
Study area with sampling stations [16].

2630

Volume 26 ± No. 4/2017 pages 2629-2641

© by PSP

Fresenius Environmental Bulletin

TABLE 1
Sampling stations with detailed locality description.
Sample

Locality

S1

Mushtisht village (Enter)

S2

Sopi village

S3

Topliçan village

S4

Mamushe village

S5

Pirane village

S6

Nashec village (Enter)

S7

Nashec village (Exit)

S8

Vërmicë village

Coordinates
42.302129 N
20.905153 E
42.334956 N
20.852260 N
42.327944 N
20.505654 E
42.317442 N
20.728020 E
42.228304 N
20.674633 E
42.255088 N
20.649399 E
42.243779 N
20.646824 E
42.162459 N
20.559019 E

Possible pollution sources
No possible pollution
Waste water from Sopi village, agriculture land, traffic
Waste water from Topliçan village, agriculture land, traffic
Waste water from Mamushe village, agriculture land, traffic,
IQGXVWULDOZDVWHZDWHUIURP³1HZ&R%DOONDQ´DQG³%HQ$I´
Waste water from Mamushe village, agriculture land, traffic
Settlement, agriculture land, traffic
Waste water from Nashec village, agriculture land, traffic
Waste water, settlement,

TABLE 2
The distribution of 30 elements determined in rivers water.
(OHPHQWȝJ/-1
Li
Mg
Al
Si
K
Ti
Va
Cr
Fe
Co
Cu
Ge
As
Se
Br
Rb
Sr
Zn
Mo
Cd
Sb
I
Cs
Ba
La
Ce
Tl
Pb
Bi
U

Method/Detection Limit
ICP-MS/1
ICP-MS/1
ICP-MS/2
ICP-MS/200
ICP-MS/30
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.5
ICP-MS/10
ICPMS/0.005
ICP-MS/0.2
ICP-MS/0.01
ICP-MS/0.3
ICP-MS/0.2
ICP-MS/1
ICP-MS/0.005
ICP-MS/0.04
ICP-MS/0.5
ICP-MS/0.1
ICP-MS/0.01
ICP-MS/0.01
ICP-MS/0.01
ICP-MS/0.001
ICP-MS/0.1
ICP-MS/0.001
ICP-MS/0.001
ICP-MS/0.001
ICP-MS/0.01
ICP-MS/0.3
ICP-MS/0.001

S1
2
5160
75
4200
1050
1
0.2
<0.5
90
0.205
1.1
0.01
0.65
0.2
5
0.378
22.3
75.5
0.1
0.01
0.06
<1
0.011
13.2
0.179
0.367
0.003
0.69
<0.3
0.103

S2
12
1760
40
5900
2810
1.2
0.5
0.6
<10
0.127
1.2
0.02
4
0.2
33
0.936
24.2
88.1
0.3
0.01
0.12
2
0.135
34.1
0.04
0.106
0.002
0.42
<0.3
0.609

S3
11
>2000
154
6900
4320
2.4
1
1.1
150
0.498
4.3
0.02
4.63
0.5
78
1.83
28.2
77.1
0.2
0.02
0.19
3
0.071
43.1
0.229
0.5
0.003
1.35
<0.3
0.66

S4
5
19200
13
6500
4340
0.9
1
0.5
<10
0.128
1.5
0.01
1.96
0.4
71
1.41
56.4
72.1
0.3
0.01
0.21
2
0.011
2.9
0.011
0.042
0.003
0.22
<0.3
0.702

S5
3
20000
16
7500
3410
1.1
1.1
0.6
<10
0.108
1.4
0.01
1.68
0.4
52
1.11
44.9
112.2
0.3
0.01
0.26
2
0.05
2.3
0.032
0.103
0.003
0.15
<0.3
0.61

S6
14
1850
40
8500
5500
3.4
0.8
<0.5
150
0.12
2.3
0.02
4
0.2
35
0.986
26.2
135.2
0.2
0.02
0.19
<1
0.071
33.1
0.13
0.155
0.002
1.55
<0.3
0.51

S7
11
>2000
85
8200
6200
1.3
1.5
1.6
170
0.505
3.5
0.01
4.75
0.6
78
1.87
57.4
123.4
0.2
0.14
0.24
2
0.013
22.9
0.021
0.045
0.003
1.32
<0.3
0.67

S8
8
17500
17
8700
5800
1.4
1.8
1.3
150
0.228
5.7
0.01
1.87
0.4
72
1.46
54.5
109.4
0.3
0.12
0.26
3
0.015
12.3
0.055
0.11
0.003
0.65
<0.3
0.702

performed at distance from the river banks to avoid
possible contamination from the bank material.
About 1-2 kg of sediment was collected at each
sampling site to provide enough material of fraction
<63 μm for geochemical analysis. The material was
transported in plastic bags. Samples were dried in air
at temperature 20±25° C for three weeks. Coarse
material was separated using a sieve of 40 meshes
and after wards with the standard sieve of 63 μm,
Fritsch (Germany). According to the requirement
samples were preserved in the refrigerator after
treatment. Geographical positions were determined
E\*36PRGHO³*(.2*$50,1´FKDQQHOV

Sampling and sample preparation. Water
samples were collected in plastic bottles previously
rinsed three times with sampled water, they were
labeled with: date, name of the source of samples and
then are transferred to hand refrigerator (4° C) to be
analyzed in the chemical laboratories. All tests were
performed at least three times to calculate the
average value. The sampling locations were chosen
at points where pollution was obvious, due to
FORVHQHVV RI IDFWRU\¶V WUDIILF VHWWOHPHQWV RU
combinations of those factors. Sampling, preservation and experimental procedure of the water samples were carried out according to the standard
methods for examination of water [17-21].
Stream sediments which were in contact with
running water were sampled manually, using a metal
bucket of the dimensions 25x8x3 cm. Sampling was

Chemical characterization of water samples
and geochemical characterization of sediments.
Quantitative determination of the elements in water
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work, such as: descriptive statistics, frequency histograms and two dimensional box plot diagrams for
determination of anomalies (extremes and outliers)
for solution data.

were performed in commercial laboratory ACT/$%6 LQ 2QWDULR &DQDGD XVLQJ D ³3HUNLQ (OPHU
6&,(;(/$1´,&3-MS instrument, with the
SURJUDP ³&RGH  +\GURJHRFKHPLVWU\´ $FFRUGLQJ
WR %HHU¶V ODZ DGVRUEed emission intensity is proportional to the concentration of atoms. Also determination of major elements in stream sediments
(fraction <63 μm) was performed in commercial
laboratory ACTLABS (Ontario, Canada), using ICP06 WHFKQLTXH SURJUDP ³8OWUD WUDFH ´  7KH
procedure was as follows: 0.5 g of sample was dissolved in aqua region at 90º C in a micro wave digestion unit. The solution was diluted and analyzed
with a Perkin Elmer SCIEX ELAN 6100 ICP-MS
instrument. For analysis the following reference
materials were used: USGS GXR-1, GXR-2, GXR4 and GXR-6, which were analyzed at the beginning
and after each series of samples.

RESULTS AND DISCUSSION
ICP-MS analyses of major and trace
elements. Tables 2 and 3 present concentrations of
chemical parameters in water samples and in stream
sediments respectively (fraction <63 μm). The
database will be used in statistical calculation and in
chemical assessment of water/sediment quality of
Toplluha and Drini i Bardhe rivers. Downstream
distributions of selected 10 metals in water and in
sediment vs. flow direction in km were presented in
Fig. 3 and 5.

Statistical methods. Program Statistica 6.0
[22] was used for the statistical calculations in this

TABLE 3
The distribution of 51 chemical substances determined in stream sediments.
Element/ppm
Eu
Tb
Dy
Ho
Er
Tm
Yb
Lu
Ta
Ti
Bi
Th
U
Rb
Sr
Y
Zr
Nb
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Be
V
Co
Ni
Cu
Zn
S
Ag
Pb
Ga
Ge
Au
As
Br
Cr
Ir
Sb
Sc

Method/Detection Limit
ICP-MS/0.05
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.05
ICP-MS/0.1
ICP-MS/0.04
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.4
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/2
ICP-MS/2
ICP-MS/0.1
ICP-MS/4
ICP-MS/1
ICP-MS/1
ICP-MS/0.5
ICP-MS/0.5
ICP-MS/3
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/0.05
ICP-MS/0.1
ICP-MS/0.1
ICP-MS/1
ICP-MS/5
ICP-MS/1
TDICP-MS/1
TDICP-MS/1
TDICP-MS/1
TDICP-MS/0.01
TDICP-MS/0.3
TDICP-MS/5
FUS-MS/1
FUS-MS/0.04
INAA/2
INAA/5
INAA/0.5
INAA/5
INAA/5
INAA/0.2
INAA/0.1

S1
0.86
0.5
3.2
0.6
1.9
0.28
1.7
0.29
0.6
0.4
< 0.4
5.4
1.5
53
60
19
129
7
2
1.2
3.5
318
18.9
39.8
4.61
18.8
3.9
2
87
19
116
35
82
0.029
<0.3
20
11
2
13
26.4
6.5
330
<5
1.5
12.1

S2
0.75
0.5
2.9
0.6
1.8
0.27
1.7
0.27
0.6
0.3
< 0.4
4.9
1.4
47
47
18
137
7
3
1.4
2.7
295
17.7
37.9
4.32
17.5
3.6
1
80
15
106
36
91
0.073
0.4
24
10
1
<2
16.5
3.7
330
<5
1.6
10.6
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S3
1.24
0.8
4.8
1
2.8
0.43
2.7
0.44
0.8
0.4
< 0.4
7.3
2
55
55
30
280
10
30
1.5
3.3
349
32
66.4
7.5
30.4
6
2
86
17
120
48
105
0.044
0.4
25
12
2
40
19.8
10.8
374
<5
1.5
13.2

S4
1
0.6
3.8
0.8
2.2
0.33
2.2
0.33
0.7
0.3
< 0.4
5.5
1.5
41
41
22
208
9
3
0.7
2.1
241
21.5
46.8
5.31
21.8
4.5
2
83
17
112
31
76
0.016
<0.3
11
10
1
<2
10.1
<0.5
715
<5
1
12.1

S5
0.72
0.5
2.2
0.8
1.7
0.35
1.8
0.25
0.9
0.5
0.7
5.7
1.3
33
49
17
210
6
5
1.3
2.2
222
20.1
40.5
4.95
25.6
3.2
3
88
15
154
54
117
0.088
0.5
35
9
1
32
19.7
7
603
<5
2.5
15.2

S6
0.81
0.7
2.9
0.7
1.9
0.54
2.1
0.47
1.1
0.3
0.8
6.5
1.3
27
82
21
292
8
17
1.2
2.5
250
18.9
64.2
8.15
32.4
6.6
1
92
18
175
58
96
0.045
0.8
43
15
3
27
16.6
17.3
350
<5
1.8
14.3

S7
1.15
0.9
3.3
0.5
2.2
0.56
2.3
0.44
1.5
0.8
1.4
8.2
1.5
44
75
24
340
12
25
1.3
3.5
215
22.6
70.2
9.12
35.8
8.5
1
102
22
155
76
134
0.055
0.9
65
12
2
24
18.2
12.5
550
<5
4.4
12.7

S8
1.44
1.1
4.4
1.2
2.9
0.87
2.9
0.77
1.8
0.7
1.8
9.2
1.8
45
121
27
321
13
22
1.4
3.8
275
28.2
72.9
11.88
41.2
8.9
2
115
52
194
62
185
0.071
2.1
58
17
3
35
14.4
14.2
452
<5
2.5
15.9
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FIGURE 3
Downstream distribution of selected 10 metals in water vs. flow direction in km.
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FIGURE 4
6FDWWHUSORWZLWKER[SORWVdiagrams of some measured variables in water samples.
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FIGURE 5
Downstream distribution of selected 10 metals in sediments vs. flow direction in km.
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TABLE 4
Descriptive statistics of the 27 variables in rivers water.
9DULDEOHȝJ/-1
Li
Mg
Al
Si
Ti
Va
Cr
Co
Cu
Ge
As
Se
Br
Rb
Sr
Zn
Mo
Cd
Sb
I
Cs
Ba
La
Ce
Tl
Pb
U

Mean
8.250
8.683.750
55.000
7.050.000
1.587
0.988
0.838
0.240
2.625
0.014
2.942
0.363
53.000
1.248
39.263
99.125
0.238
0.043
0.191
2.000
0.047
20.488
0.087
0.179
0.003
0.794
0.571

Geometric
6.855
5.091.496
39.181
6.885.883
1.432
0.836
0.753
0.199
2.199
0.013
2.475
0.334
41.811
1.134
36.512
96.583
0.225
0.023
0.175
1.861
0.031
13.652
0.055
0.126
0.003
0.602
0.505

Median
9.500
3.580.000
40.000
7.200.000
1.250
1.000
0.600
0.167
1.900
0.010
2.980
0.400
61.500
1.260
36.550
98.750
0.250
0.015
0.200
2.000
0.033
18.050
0.048
0.108
0.003
0.670
0.635

Descriptive statistics
Minimum
2.000
1.760.000
13.000
4.200.000
0.900
0.200
0.500
0.108
1.100
0.010
0.650
0.200
5.000
0.378
22.300
72.100
0.100
0.010
0.060
1.000
0.011
2.300
0.011
0.042
0.002
0.150
0.103

Maximum
14.00
20000.00
154.00
8700.00
3.40
1.80
1.60
0.51
5.70
0.02
4.75
0.60
78.00
1.87
57.40
135.20
0.30
0.14
0.26
3.00
0.14
43.10
0.23
0.50
0.00
1.55
0.70

Variance
20
73253655
2326
2302857
1
0
0
0
3
0
2
0
709
0
242
580
0
0
0
1
0
232
0
0
0
0
0

Std. Dev.
4.464
8.558.835
48.226
1.517.517
0.868
0.511
0.434
0.167
1.701
0.005
1.573
0.151
26.630
0.498
15.557
24.090
0.074
0.054
0.070
0.756
0.044
15.221
0.082
0.165
0.000
0.544
0.199

FKURPLXPZDVEHWZHHQȝJ/-1 (the lowest level in
6  XQWLO  ȝJ/-1 (the highest level in sampling
station S6). The mass concentration of arsenic was
between 0.65 ȝJ/-1 (the lowest level in S2) until 4.63
ȝJ/-1 (the highest level in sampling station S3 respectively S7), with a standard deviation 1.573. The mass
FRQFHQWUDWLRQRIFREDOWZDVEHWZHHQȝJ/-1 (the
ORZHVWOHYHOLQ6 XQWLOȝJ/-1 (the highest level
in sampling station S7). The mass concentration of
FRSSHUZDVIURPȝJ/-1 (the lowest level in S2)
XQWLOȝJ/-1 (the highest level in sampling station
S8). The mass concentration of selenium was between
ȝJ/-1 (the lowest level in S1, S2 and S6) until 0.60
ȝJ/-1 (the highest level in sampling station S7), (with
standard deviation 0.151). All these eco toxic elements
chromium, cobalt, copper and selenium which were
under WHO [24, 25] DOORZHGFRQFHQWUDWLRQȝJ/1
and caused the significant toxic effects, which were
found in low concentrations. In this order also as it
belong, antimony, barium, lead, thallium, zinc and
uran mass concentrations in all water samples were
under WHO allowed values. Cadmium mass concentration also appeared to be significantly concentrated
in the river water. Concentrations of cadmium were
XQGHU  ȝJ/-1 according to allowed values. All
concentrations of every studied metals, even those
on sites with anthropogenic influence, were lower
than maximal allowed concentrations from WHO
standards for drinking water. Concentrations of all
studied metals changed irregularly along the course
of Toplluha and Drini Bardhe Rivers (Fig. 1 and 2).
This is possibly due to the natural influence of rock
composition and the presence of mineralization in
Has, Sharr and Koritnik mountains. The decreases in
metal concentrations measured in the water column

Statistical analysis. Tables 4 and 5 present
basic statistical parameters in 8 samples of water and
stream sediments respectively (fraction <63 μm)
which can be considered as preliminary values until
a larger dataset has been collected. For each element,
the values are given as arithmetic mean, geometric
mean, median, minimal and maximal concentration, variance and standard deviation. Table 6
presents the identified anomalous geochemical data
(extremes and outliers) both for the toxic and
lithogenic elements [23].
Discussion of ICP-MS analysis of water samples.
Using experimental data (Table 2, obtained by ICPMS method) and box plot approach (Fig. 4) of Tukey
[23], anomalous values (extremes and outliers) for:
zinc, antimony, lead, arsenic, copper, cobalt,
chromium, cadmium, barium and uranium) in waters
were determined for the whole samples. Chemical
analyses were used to compare the obtained amounts
of the selected toxic elements (zinc, antimony, lead,
arsenic, copper, cobalt, chromium, cadmium, barium
and uranium) with the existing criteria for drink water
quality by WHO standards, referred in further
discussion. The mass concentration of aluminum and
iron generally appeared to be significantly
concentrated in the river water sample location S3 (154
ȝJ/-1) whereas mass concentration of iron seems to
be significantly concentrated in the river water sample
ORFDWLRQ 6  ȝJ/-1), and this may be a direct
impact from geological constitution of rocks: alluvium
gravel, sand silt, limestone, maristone, calcarenite,
olistoliths of cherty limestone and silty deposits. A
mass concentration of Al above 200 mgL-1 causes
significant toxic effects. The mass concentration of
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Copper also appeared to be significantly concentrated in all sediment samples. Concentrations of Cu
in samples S5-S8 were above 50 ppm that causes
significant toxic effects. Chromium concentrations
in all eight sediment samples exceeded allowed
concentrations for sediment (allowed concentration
of chromium is under 110 ppm). Cobalt concentrations only in sediment sample S8 (52 ppm) exceeded
allowed concentrations for sediments (allowed
concentration of cobalt is under 50 ppm). Similar
silver concentrations in sampling stations S5-S8
exceeded allowed values (allowed concentrations
are under 110 ppm). Antimony also appeared to be
concentrated in the river sediments but significantly
under allowed values from 500 ppm. The
concentration of Zn, As and Pb were found in low
concentrations, and in accordance with Canadian
standards for sediments were under allowed concentration. These exceeded mass concentration of
some elements in several sampling station are directly impacted from geological constitution of
rocks: alluvium gravel, sand silt, limestone, maristone, calcarenite, olistoliths of cherty limestone and
silty deposits.

in some locations are likely to be due to the processes
of adsorption by clay and oxide minerals, the
precipitation of minerals, and changes in geologic
setting. Evaluation using two-dimensional scatter
with box plots diagrams of measured metals in water
samples was also performed. None of those metals
shows any anomaly, and their distribution is rather
irregular. An assessment of the state of heavy metal
pollution of rivers is difficult as concentrations are
low, and the precision of analytical results is also
low.
Discussion of ICP-MS analysis of sediment
samples. Experimental data from chemical analyses
(Table 3, obtained by ICP-MS method) were used to
compare the obtained amounts of the selected toxic
elements with the existing criteria for sediment
quality by SMSP, Falconbridge NC, SAS [26],
referred in further discussion. Nickel generally
appeared to be significantly concentrated in all
sediment samples varied from 106-194 ppm. The
mass concentration of nickel in all sample stations
was over allowed concentration. Concentrations of
Ni over 75 ppm cause significant toxic effects.

TABLE 5
Descriptive statistics of the 50 variables (ppm) in stream sediments.
Variable/ppm
Eu
Tb
Dy
Ho
Er
Tm
Yb
Lu
Ta
Ti
Th
U
Rb
Sr
Y
Zr
Nb
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Be
V
Co
Ni
Cu
Zn
S
Ag
Pb
Ga
Ge
Au
As
Br
Cr
Sb

Mean
0.9962
0.7000
34.375
0.7750
21.750
0.4537
21.750
0.4075
10.000
0.4625
65.875
15.375
431.250
662.500
222.500
2.396.250
90.000
133.750
12.500
29.500
2.706.250
224.875
548.375
69.800
279.375
56.500
17.500
916.250
218.750
1.415.000
500.000
1.107.500
0.0526
0.7125
351.250
120.000
18.750
218.750
177.125
90.625
4.630.000
21.000

Geometric
0.9682
0.6720
33.452
0.7468
21.365
0.4211
21.357
0.3819
0.9256
0.4318
64.429
15.217
421.219
624.678
218.639
2.263.418
87.066
84.192
12.231
28.843
2.670.819
220.422
530.120
65.688
268.078
52.818
16.224
910.373
199.844
1.383.111
478.906
1.065.244
0.0468
0.5683
305.005
117.508
17.067
140.397
171.449
63.934
4.446.430
19.115

Median
0.9300
0.6500
32.500
0.7500
20.500
0.3900
21.500
0.3850
0.8500
0.4000
61.000
15.000
445.000
575.000
215.000
2.450.000
85.000
110.000
13.000
30.000
2.625.000
208.000
555.000
64.050
280.000
52.500
20.000
875.000
175.000
1.370.000
510.000
1.005.000
0.0500
0.4500
300.000
115.000
20.000
255.000
174.000
89.000
4.130.000
17.000
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Descriptive statistics
Minimum
0.7200
0.5000
22.000
0.5000
17.000
0.2700
17.000
0.2500
0.6000
0.3000
49.000
13.000
270.000
410.000
170.000
1.290.000
60.000
20.000
0.7000
21.000
2.150.000
177.000
379.000
43.200
175.000
32.000
10.000
800.000
150.000
1.060.000
310.000
760.000
0.0160
0.3000
110.000
90.000
10.000
20.000
101.000
0.5000
3.300.000
10.000

Maximum
14.400
11.000
48.000
12.000
29.000
0.8700
29.000
0.7700
18.000
0.8000
92.000
20.000
550.000
1.210.000
300.000
3.400.000
130.000
300.000
15.000
38.000
3.490.000
320.000
729.000
118.800
412.000
89.000
30.000
1.150.000
520.000
1.940.000
760.000
1.850.000
0.0880
21.000
650.000
170.000
30.000
400.000
264.000
173.000
7.150.000
44.000

Variance
0.07
0.05
0.73
0.05
0.20
0.04
0.20
0.03
0.19
0.04
2.31
0.06
89.27
684.79
20.50
6531.13
6.29
130.55
0.06
0.43
2251.70
25.50
223.83
7.12
71.32
4.90
0.50
132.84
153.27
1065.71
240.86
1252.50
0.00
0.36
359.27
7.43
0.70
214.70
22.24
31.71
20980.29
1.13

Std. Dev.
0.2592
0.2204
0.8535
0.2315
0.4528
0.2009
0.4496
0.1694
0.4408
0.1923
15.198
0.2446
94.482
261.684
45.277
808.154
25.071
114.260
0.2449
0.6547
474.520
50.493
149.608
26.681
84.453
22.136
0.7071
115.256
123.801
326.453
155.196
353.907
0.0240
0.6034
189.544
27.255
0.8345
146.525
47.155
56.313
1.448.457
10.610
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FIGURE 6
6FDWWHUSORWdiagrams of some measured variables in sediment samples.
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TABLE 6
Anomalous values of chemical variables determined in water and sediment samples.
Sample
S1
S2
S3
S4
S5
S6
S7
S8

Water (ȝJ/-1)
Extreme
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.

Outlier
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.

Stream sediment (ppm)
Extreme
Outlier
No reg.
As (26.2 ppm)
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
No reg.
Co (52 ppm)
Zn (185 ppm)

The mass concentration of nickel, copper,
chromium, cobalt and silver in several sediment
sample stations is over allowed concentration and
that value causes significant toxic effects. All other
elements in water of Toplluha and Drini i Bardhë
rivers were found in low concentrations and were
under the existing criteria for sediment quality by
SMSP. Results of the box plot detection show several contaminated areas in stream sediment of rivers
of Toplluha and Drini i Bardhë. Outlier values of
arsenic and zinc were registered in two samples
respectively and an extreme value of cobalt was
registered only in a sample station. It is suggested
that elevated concentrations of cobalt, arsenic and
zinc were from geological origin, where the source
rocks are from the Late Paleozoic Anomalous values
of ecotoxic elements determined in sediment
indicating sediment/water interaction. These exceeded mass concentrations of some elements in
several water and sediment sampling station are directly impacted from geological constitution of
rocks: alluvium gravel, sand silt, limestone, maristone, calcarenite, olistoliths of cherty limestone and
silty deposits. Possible remediation at critical locations from Toplluha and Drini i Bardhë rivers,
flowing towards Albania, would be desirable.

Also, according to experimental data (Table 3),
box plot approach of anomalous values (extremes
and outliers) for: zinc, antimony, lead, arsenic,
copper, cobalt, chromium, cadmium, barium and
uranium) in sediments were determined for the
whole region. Results of the box plot detection of
anomalies presented in Table 6, show several contaminated areas in stream sediment of rivers of
Toplluha and Drini i Bardhe (sample stations S1 and
S8). Outlier values of arsenic and zinc were
registered in sample S1 and S8 respectively and an
extreme value of cobalt (52 ppm) was registered only
in sample station S8. It is suggested that elevated
concentrations of arsenic and zinc were from
geological origin, where the source rocks are from
the Late Paleozoic (Fig. 1). Anomalous values of
ecotoxic elements determined in sediment indicate
sediment/water interaction. Self purification mechanism can be illustrated on the example of arsenic,
which has high concentration in water at the water
sample S6.
Primary recommendation in general is that
river waters and sediments of Toplluha and Drini i
Bardhë (south part) in our country are under control
but is the fact that laboratories for this branch of inGXVWU\ DUHQ¶W FRPSOHWHG \HW ZLWK DGHTXDWH HTXLSment. Despite the lack of maintenance, there is still
time and the possibility to reduce this negative pheQRPHQRQRQ.RVRYR¶VQDWXUDOZDWHUV
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CONCLUSIONS
A monitoring network of main rivers of Kosovo (Toplluha/Drini i Bardhë, Morava e Bincës,
Lepenc and Sitnica), which are of superregional
interest, is suggested using locations where sediments and waters have been studied. The mass concentration of aluminum in several water sample
stations is over allowed concentration and that value
above 200 mgL-1, causes significant toxic effects.
All other elements in water of Toplluha and Drini i
Bardhë rivers were found in low concentrations and
were under WHO allowed concentration for
drinking water (not causes the significant toxic
effects).

REFERENCES
[1] Montgomery, J.M. (1996) Water Treatment,
Principles and Design. John Wiley & Sons, New
York.
[2] Arab, S. and Alshikhn, A. (2010) Voltammetry
determination of some trace elements in tap

2639

© by PSP

Volume 26 ± No. 4/2017 pages 2629-2641

Fresenius Environmental Bulletin

Ljubljana and surround. Geoloãki Zavod
Slovenije (Geological Survey of Slovenia),
Ljubljana, p.670.
[15] Pecsok R. and Shields L. (1968) Modern
Methods of Chemical Analysis, John Wiley &
Sons. Inc. New York, London, Sidney.
[16] Sikosek, B. (1971) Explanation for Geological
map of Yugoslavia, scale 1:500000, Federal
Geological Institute, Belgrade.
[17] Ivkovic, A., Sarin, A. and Komatina, M. (1983)
Explanation for the hydrogeological Map of
SFR Yugoslavia 1:500000, Federal Geological
Institute, Belgrade.
[18] Hurd, D.C. and Spencer, D.W. (1991) Marine
particles: Analysis and Characterization. Washington: American Geophysical Union, Geophysical Monograph. 63 pp.
[19] Skoog, D.A., West, D.M. and Holler, F.J. (1992)
Fundamentals of Analytical Chemistry. New
York, London.
[20] APHA, AWWA and WEF (1998) Standard
method for the examination of water and was-te
water (Eatson A.D, Clesceri, L. S. and
Greenberg, A. Eds. 20th ed. Am. Pub. Hlth.
Ass., Washington D.C.
[21] Baba , A., Kaya, A. and Birsoy, Y.B. (1998).
The effect of Yatagan thermal power plant
(Mugla, Turkey) on the quality of surface and
ground waters. Water, Air & Soil Pollution, 149,
93±111.
[22] Statsoft, Inc. (2001) Statistica (data analysis
software system), version 6. http://www.statsoft.com
[23] Tukey, J.W. (1977) Exploratory data anal-ysis.
Reading: Addison-Wesley.
[24] World Health Organization Standards (2004)
Guideline for drinking water quality, 3rd ed.
Vol.1 Geneva, 189 pp.
[25] World Health Organization Standards (2007)
Chemical safety of drinking-water: Assessing
priorities for risk management. Int. J. Environ.
Stud.
[26] SMSP and FALCONBRIDGE NC SAS (2005)
Koniambo project, environmental and social
impact assessment, quality criteria for freshwater sediment.

water samples of Jeddah area in the kingdom of
Saudi Arabia. Nature and Science, 8(10), 292298.
[3] Eric, A. and Charlotte, B. (1999) Stripping
voltammetry for the determination of trace
metal speciation and in-situ measurements of
trace metal distributions in marine waters.
Analytica chimica acta, 400, 381±397.
[4] Boye, M.B., Aldrich, A.P., Van den Berg,
C.M.G., De Jong, J.T. and Veldhuis, M. (2003)
Horizontal gradient of the chemical speciation
of iron in surface waters of the northeast Atlantic Ocean. Mar. Chem. 50, 129±143.
[5] Censi, P. Spoto, E., Saiano, F., Sprovieri, M.,
Mazzola, S., Nardone, G., Punturo, R. and
Ottonello, D. (2006) Heavy metals in coastal
water systems. A case study from the northwestern Gulf of Thailand, Chemosphere. 64(7),
1167-1176.
[6] Ozturk, M., Ozozen, G., Minareci, O., Minareci,
E. and Iran, J. (2009) Determination of heavy
metals in fish, water and sediments of Avsar
dam lake in Turkay. Environ. Health. Sci. Eng.,
6 (2), 73-80.
[7] Gashi, F., Franciskoviü-Bilinski, S., Bilinski,
H., Troni, N., Bacaj, M. and Jusufi, F. (2011)
Establishing of monitoring network on Kosovo
rivers: preliminary measurements on the four
main rivers (Drini i Bardhe, Morava e Binces,
Lepenc and Sitnica). Environ. Monit. Assess.
vol. 75, 279±289.
[8] Troni N., Hoti R., Berisha R., Teneqja V. and
Omanovic D. (2012) Chemical monitoring of
ecotoxic elements in thermal water resources of
Kllokoti and Peja. J. Int. Environ-mental
Application & Science. 7(1), 70-75.
[9] Faiku F., Haziri A., Gashi F. and Troni N.
  4XDOLW\ DVVXUDQFH RI 5LYHU¶V :DWHU RI
Lumbardhi Peja (Kosovo), Chemistry, 24(5),
759-775.
[10] Gashi, F., Franciskoviü-Bilinski, S. and Bilinski, H. (2009) Analysis of sediments of the four
main rivers (Drini i Bardhë, Morava e Binçës,
Lepenc and Sitnica) in Kosovo. Fresen.
Environ. Bul., 18(8), 1462-1471.
[11] Gashi, F., Troni, N., Faiku, F., Laha, F., Haziri,
A., Kastrati, I., Beshtica, E., and Behrami M.
(2013) Chemical and statistical analyses of
elements in river water of Morava e Binçës.
Amer. Jour. of Env. Sci., 9(2), 142-155.
[12] Gashi, F., Faiku, F., Haziri, A., Hoti, R., Jusufi,
F., Laha, F., Shala, B., Feka, F. and Dreshaj, A.
(2012) Study of anthropogenic impact in wa-ter
quality of Drini i Bardhë River (Kosova). J. Int.
Environmental Application & Science. 7(3)
530-537.
[13] White Drin, Wikipedia, the free encyclopedia
https://en.wikipedia.org/wiki/White_Drin
[14] âajn, R., Bidovec, M., Anÿjelov, M., Piric, S.
and Gosar, M. (1998) Geochemical atlas of

Received:
Accepted:

2640

19.10.2016
25.11.2016

© by PSP

Volume 26 ± No. 4/2017 pages 2629-2641

CORRESPONDING AUTHOR:
Fatbardh Gashi
Department of Chemistry
Faculty of Natural Science, M. Teresa 10
10000 Prishtina ± KOSOVO
E-mail: fatbardh_gashi@hotmail.com

2641

Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 4/2017 pages 2642-2651

Fresenius Environmental Bulletin

BIOACCUMULATION AND TOLERANCE CHARACTERISTICS OF HYDRILLA VERTICILLATA (L.F.) EXPOSED TO
CADMIUM TOXICITY
Leilei Qin1, Kefeng Li1, Yong Li1, Shun Gao2, Ruifeng Liang1,, Xiaojia He1,3,*
1
State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, 610065, Chengdu, China.
2. Institute of Ecological Forestry, Faculty of Forestry, Sichuan Agricultural University, Wenjiang, 611130, Chengdu, China.
3. College of Water Resources and Hydropower, Sichuan University, 610065, Chengdu, China.

ABSTRACT

INTRODUCTION

The phytoremediation of heavy metals is
widely used in the remediation of cadmium-contaminated sewage water and soil. Hydrilla verticillata
can potentially be applied in heavy metal bioremediation. To understand the tolerance and maximize the
potential application of Hydrilla verticillata in bioremediation, we conducted aqueous solution assays
of antioxidant enzymes and cadmium (Cd) bioaccumulation in Hydrilla verticillata when these plants
were cultured under different Cd concentrations
(1~32 ȝM) for 2, 4, 6 and 8 days. These plants were
selected and assayed for changes in the antioxidant
enzymes catalase, superoxide dismutase, malondialdehyde, peroxidase and polyphenol oxidase. Our results show that Cd toxicity may affect the production
of MDA and change antioxidant system enzymes in
the leaves and stems of Hydrilla verticillata. These
changes were related to cadmium concentration and
treatment time. The maximum accumulated cadmium of Hydrilla verticillata was significantly
(P<0.05) affected by the cadmium concentration and
treatment time. The tolerance concentration of Hydrilla verticillata for &GWR[LFLW\ZDVȝ0XQGHU
the experimental conditions. The up-regulation of
antioxidant enzymes may enhance the tolerance of
Hydrilla verticillata in Cd polluted water. The results suggest that Hydrilla verticillata exhibits a
strong tolerance within the tolerance threshold cadmium concentration range over limited treatment
times. These findings will help to clarify the process
of accumulation in submerged plants and establish a
scientific and economical restoration programme for
different concentrations of heavy metals in polluted
water; it will further provide a good theoretical basis
for heavy metal remediation.

Cadmium (Cd) is strongly poisonous to the
metal-sensitive enzymes of plants, as it is bio-accumulative and neither breaks down in the environment
nor is easily metabolized. Moreover, it is a common,
toxic heavy metal pollutant that is released from metalliferous mining and smelting and metallurgical industries[1]. Cd contamination in water and soil poses
a potential risk not only to aquatic physiological indices but also to humans due to enrichment through
the food chain; chronic exposure leads to renal dysfunction, anaemia and osteoporosis, and the element
is classified by the IARC as a human carcinogen[2,3,4].
Phytoremediation is the use of metal-accumulating plants to remove toxic heavy metals from contaminated areas. It has been regarded as an environmentally friendly, economical and effective approach to the remediation of polluted areas[5,6]. The
selection of metal-accumulating plant species, an accepted range of heavy metal contaminant concentrations and the consumption of contaminated plant tissue are the most important problems in phytoremediation application[7]. The responses of antioxidant
enzymes and toxicity have been shown in various
submerged plants when exposed to heavy metals
such as Cd[1,8], Pb, Cu[9,10,11], arsenite and arsenate[12] and chromium[13]. Studies have indicated
that antioxidants play an important role in reducing
the damage of toxic heavy metals, and plants exhibit
an increased antioxidative defence to counteract the
oxidative stress due to heavy metal toxicity[14,15].
Reports indicate that plants have different accumulations, toxic responses and antioxidant enzyme reactions to different heavy metals. Cd remediation attempts have been made by at least 63 investigator research groups in plants, including Ceratophyllum demersum[16], Wolffia globosa[6], Pistia stratiotes[17]
and Typha angustifolia. In the aquatic ecosystem, the
whole plant is exposed to this ion, and the heavy
metal is also absorbed directly into the leaves due to
particles deposited on the foliar surfaces[18]. The
pesticide lambda-cyhalothrin had toxic effects, namely genotoxicity and oxidative stress in plants [19].

KEYWORDS:
Heavy metal pollution; Hydrilla verticillata; antioxidant
enzyme; tolerance mechanism; Cd accumulation
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$ SODQW¶V WROHUDQFH WR KHDY\ PHWDO DIfects the
immediate efficiency of phytoremediation. The exposure of plants to toxic levels of heavy metals triggers a wide range of toxicological reactions and metabolic alterations[20]. Reactive oxygen species
(ROS) are by-products of aerobic metabolism that
are generated by metabolic pathways. Excessive levels of heavy metals in plant tissues cause enhanced
productions of ROS-superoxide radical, hydrogen
peroxide, hydroxyl radical, and singlet oxygen in
plant tissues. If these ROS are not adequately scavenged, they cause peroxidation of lipids, oxidation of
protein, inactivation of enzymes and DNA damage
or interact with other vital constituents of plant
cells[21]. These are partially balanced by the antioxidant system. The components of the enzymatic antioxidant defence system that are involved in scavenging ROS include superoxide dismutase (SOD),
catalase (CAT), ascorbate peroxidase (APX),
malondialdehyde (MDA), peroxidase (POD), and
polyphenol oxidase (PPO). The balance of antioxidant enzymes helps us to study the tolerance ability
of plants to cadmium[22,13]. Thus, it is imperative
to compare defensive enzyme activity among plant
genotypes with cadmium tolerance, as it will tell us
the intrinsic role of defensive enzymes in cadmium
tolerance.
As a fresh water weed plant, Hydrilla Verticillata (L.f.) Royle has been demonstrated to have the
ability to accumulate metal ions from waste water. It
has shown different responses and/or changes when
exposed to heavy metal toxicities, such as Cd[23,24],
Pb[25], Cu[26,27,28,29], AsV and AsIII[30,31] and
Zn[32,33,34]. It grows quickly and spreads widely,
and this makes it possible for Hydrilla Verticillata to
be used as an ideal phytoremediator in many contaminated waters that contain heavy metals. Comparatively scant information is available on the response
of many plant species commonly used in ecological
restoration, but Hydrilla Verticillata might be a good
candidate for eco-toxicological research. In the present study, Hydrilla verticillata was cultured with
various cadmium concentrations under controlled
conditions to investigate the effects of cadmium on
malondialdehyde (MDA) and the activities of superoxide dismutase (SOD), peroxidase (POD), catalase
(CAT) and polyphenol oxidase (PPO) in plants over
an eight-day period.

MATERIAL AND METHODS
Plant materials and chemicals. Hydrilla verticillata (L.f.) Royle was purchased from a market in
Chengdu, China. These plants were selected and cultured in a labelled class box at room temperature until processing. Guaiacol, methionine and nitroblue
tetrazolium (NBT) were purchased from Sigma (St.
Louis, MO, USA). Other reagents used were of reagent grade or higher.
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Plants culture and experimental design. Prior
to Cd treatment, plants (15-cm top portion) were acclimatized in 10 % Hoagland solution for 7 days unGHUODERUDWRU\FRQGLWLRQV ȝPROP-2 s-1 111 light
with 12 h photoperiod at 25 ± 2 °C). These plants
(weight ~13.6 g and length ~19.2 cm) were grown in
a 20-L organic glass tank. One lot was allowed to
culture in 10 % Hoagland solution to serve as a control. The remaining six lots were cultured in 10 %
Hoagland solution supplemented with Cd added as
CdCl2 DWFRQFHQWUDWLRQVRIDQGȝ0
The experimental conditions were controlled to be
the same as in the above acclimation condition. The
plants were harvested after treatment for 2, 4, 6 and
8 days. These plants were washed with doubly distilled water, and their leaves and stems were separated for further analysis. The experiments were arranged in a completely randomized design with three
replicates per treatment, and each replicate contained
25 plants.
Assay of SOD activity. SOD activity was assayed following the method of Beauchamp and Fridovich with slight modifications[35]. The 3 ml reaction mixture consisted of sodium phosphate buffer (50
P0S+ PHWKLRQLQH P0 1%7 ȝ0 UL
ERIODYLQ  ȝ0  DQG  ȝO RI HQ]\PH H[WUDFW 7KH
reaction mixtures were incubated at 25 °C for 15 min
in light. Non-illuminated mixtures without enzyme
extract served as a control. The assay was performed
LQWHUPVRI62'¶VDELOLW\WRLQKLELWUHGXFWLRQRI1%7
to formazan by the superoxide radical at 560 nm. One
unit of SOD activity was defined as the amount of enzyme required to inhibit NBT reduction by 50 % when
measured at 560 nm. The enzyme volume corresponding to 50 % inhibition of the reaction (one unit) was
calculated. The activity was expressed as enzyme
units per gram fresh weight (U/g FW).
Assay of POD activity. POD activity was assayed following the method of Sakharov and Aridilla[36]. A reaction mixture (4 ml) consisting of guaiacol 147 (3.8 ml) in 50 mM Tris-HCl (pH 7.0), 2 %
H2O2 (0.1 ml) and supernatant (0.1 ml) was assayed
for 90 sec at 470 nm. Changes in the absorbance of
brown guaiacol at 470 nm in the presence of H2O2
were recorded using a UV/vis spectrophotometer
(TU-1901, Purkinje General, Beijing, China). One
unit of enzyme activity was defined as the amount of
enzyme producing 1 unit of absorbance change at 470
nm per min under the above assay conditions. The activity was expressed as enzyme units per gram fresh
weight (U/g FW).
Assay of CAT activity. CAT activity was assayed by the method of Aebi[37]. The 3 ml reaction
PL[WXUH FRQVLVWLQJ RI VXSHUQDWDQW  PO   ȝ0
H2O2 DQGȝ0 VRGLXPSKRVSKDWHEXIIHU S+ 
was assayed for 90 sec at 240 nm. The activity was
assayed by monitoring the decrease in absorbance as
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a consequence of H2O2 consumption. One unit of
CAT was defined as the amount causing the decomSRVLWLRQRIȝ0RI+2O2 per min. The activity was
expressed as enzyme units per gram fresh weight (U/g
FW).
Assay of PPO activity. PPO activity was assayed using the method of Zhang[38]. PPO activity
was measured by incubating 0.5 ml of enzyme extract
with 2.5 ml buffered substrate (100 mM sodium phosphate, pH 6.4 and 50 mM catechol) and then monitoring the change in absorbance at 398 nm. One unit of
activity of PPO was defined as the amount of enzyme
causing 1 unit of absorbance increase per minute under the conditions of the assay. The activity was expressed as enzyme units per gram fresh weight (U/g
FW).
Measurement of MDA contents. Lipid peroxidation in leaves and stems was measured in terms of
MDA content according to Heath and Packer[39]
(1968) with slight modification. Leaves and stems
were homogenized in 10 % trichloroacetic acid (TCA)
solution (1.6 ml). The homogenate was centrifuged at
10,000 rpm for 10 min at 4 °C. The reaction mixture
consisted of 1.5 ml of the sample and 1.5 ml thiobarbituric acid (TBA). After being heated at 95 °C for 30
min and cooled quickly with running water, the mixture was centrifuged at 10,000 rpm for 15 min. The
absorbance of the supernatant was measured at 532
and 600 nm. The nonspecific absorbance at 600 nm
was subtracted from the absorbance at 532 nm. The
concentration of MDA was calculated using an extinction coefficient of 155 mM-1cm-1. MDA content was
H[SUHVVHGDVȝ0SHUJUDPIUHVKZHLJKW ȝ0J): 
Estimation of cadmium content. Leaves and
stems were collected separately from treated conditions, rinsed with redistilled water and dried in an
oven at 75 °C for 48 hrs. The dried samples were digested with 65 % HNO3 and 30 % H2O2 using a microwave digestion system (MDS-6G, SINEO Microwave Chemistry Technology Co. Ltd., Shanghai,
China). Standard reference material was purchased
from a national sharing platform for reference materials (National Institute of Metrology, China). Cadmium content was estimated with an atomic absorption spectrophotometer (Purkinje General Instrument Co. Ltd., Beijing, China) at 228.8 nm. The
spectrophotometer was calibrated with a control
sample. The cadmium content in leaves and stems is
H[SUHVVHGDVȝJg-1 of dried weight.
Statistical analysis. All treatments were arranged in a completely randomized design with
three replicates. Data are expressed as the means ±
standard deviations (S.D.). One-way analysis of
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YDULDQFH $129$  ZDV IROORZHG E\ 'XQFDQ¶V
multiple range test (DMRT) for post-hoc multiple
comparisons (p<0.05) and was employed to examine differences among seven cadmium concentrations of heavy metal stress in terms of MDA, POD,
SOD, CAT and PPO activities and accumulation
concentration of cadmium. All statistical analysis
was performed with SPSS17.0 (IBM Inc., Chicago,
IL, USA).

RESULTS AND DISCUSSION
Effects of various Cd concentrations on MDA
content in Hydrilla verticillata. It is well known that
ROS-induced lipid peroxidation of membranes is a reflection of heavy metal-induced damage at the cellular
level. MDA is a breakdown product of lipid peroxidation and thus is a widely accepted indicator of oxidative damage, free radical production and plant stress
resistance[40,41]. In the present study, oxidative damage to tissue lipid was estimated using MDA content.
The change in MDA content in the leaves and stems
of Hydrilla verticillata exposed to Cd toxicity is
shown in Fig. 1. In the leaves, MDA content increased
strongly with rising Cd concentrations after 2 and 4
days of exposure. At Day 6, MDA content increased
ZLWKULVLQJ&GFRQFHQWUDWLRQV XSWRȝ0DQGWKH
highest content was approximately 3.87-fold higher
than the control. At Day 8, MDA content increased
with rising Cd concentration up WR  ȝ0 DQG WKH
peak content was approximately 4.32-fold higher than
the control. In the stems, MDA content increased significantly (P<0.05) after 2, 4, 6 and 8 days of exposure,
and the peak values were approximately 1.69, 2.06,
2.73 and 2.89-fold higher than that of the control at 32
ȝ0&GUHVSHFWLYHO\2XUUHVXOWVLQGLFDWHGWKDW0'$
content increased in the leaves and stems of Hydrilla
verticillata compared to the control, suggesting that lipid peroxidation increases when these plants are exposed to Cd toxicity. Moreover, we noted that MDA
content increased in parallel with the increase in activities of SOD, POD, CAT and PPO (Fig. 3, Fig. 4, Fig.
5 and Fig. 6). Elevated MDA contents mediated by
free radicals and peroxides are considered to be a
likely explanations for lipid peroxidation under Cd
toxicity stress. It is generally recognized that plants
can protect themselves by inhibiting lipid peroxidation due to the effects of activated antioxidant enzymes [36,]. Our findings show that lipid peroxidation
occurred during the culture process when exposed to
Cd toxicity, and Hydrilla verticillata experiences oxidative damage.
Cadmium uptake. Numerous studies have
demonstrated that heavy metal toxicity to plants
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FIGURE 1
MDA content in leaves and stems of Hydrilla verticillata in the presence of Cd after 2, 4, 6, and 8 days of
exposure. Values represent mean ±S.D. (n=3). Different letters indicate significantly different values
over a particular duration (DMRT, p<0.05).
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FIGURE 2
Cadmium content in the leaves and stems of Hydrilla verticillata in the presence of Cd after 2, 4, 6 and 8 days
of exposure. Values represent mean ±S.D. (n=3). ANOVA significance at P<0.01. Different letters indicate
significantly different values at a particular duration (DMRT, P<0.05).
is positively correlated with heavy metal concentration in plant tissues, which has been shown to affect
the growth and metabolism of plants to varying degrees depending on the concentration of Cd accumulation in plant tissues [12,13]. Cd bioaccumulation in
the leaves and stems of Hydrilla verticillata are shown
in Fig. 2. As shown in Fig. 2, Cd content in the leaves
and stems of Hydrilla verticillata were significantly
influenced by exposure time and Cd concentration.
Within the same exposure duration, a larger amount of
cadmium bioaccumulation in Hydrilla verticillata was
related to higher tested concentrations. Moreover, at
the same concentration, Cd bioaccumulation in plants
increased significantly with longer culture times, up to
'D\  H[FHSW IRU  ȝ0 DW 'D\  7KHVH ILQGLQJV
show positive and linear relationships with tested Cd
concentrations and culture times in Hydrilla verticillata H[SRVHG WR &G WR[LFLW\ %HORZ  ȝ0 &G the
maximum Cd content in the leaves was 98.8, 120,
DQGȝJJ-1 250 DW at Day 2, 4, 6 and 8,
respectively. Similarly, in the stem, the maximum Cd
FRQWHQWZDVDQGȝJJ-1 DW at Day
2, 4, 6 and 8, respectively. Compared to the results of
Cd bioaccumulation, Cd contents in the leaves were
significantly higher than those in the stems at the same

stages. Earlier reports have shown that submerged
plant species are more capable of accumulating metals
than floating and emergent plants [20,43]. In this
study, Hydrilla verticillata plants were capable of accumulating significant amounts of Cd ion. It appears
that Cd uptake is a two-step process. There is an initial
rapid influx until 4 days, when more than half of the
total Cd accumulation was observed at each of the
concentrations; subsequently the rate of uptake decreased till the end of experiment. A rapid influx of
Cd in an early phase of exposure (1 day) has also been
observed in other aquatic plants[44]. Other aquatic
plants such as Ceratophyllum demersum[45], Vallisneria spiralis[28], Eichhornia crassipes[46] and Pistia
stratiotes[47,48] have also been demonstrated to accumulate Cd in significant amounts. On the basis of
these results, the present findings have provided information on how Cd concentration in various tissues
varies in response to elevated Cd concentrations and
exposure times. The large increase in Cd concentrations also suggested that Hydrilla verticillata plants
possess significant potential to tolerate Cd and that
plants presumably rely on more than a single mechanism to achieve this.
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Changes of SOD activity in the leaves and stems of Hydrilla verticillata in the presence of Cd after 2, 4, 6
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and 8 days of exposure. Values represent mean ±S.D. (n=3). Different letters indicate significant different
values at a particular duration (DMRT, p<0.05).
Effects of Cd concentrations on SOD activity
in Hydrilla verticillata. The control of steady-state
ROS levels by SOD is an important protective mechanism against cellular oxidative damage, since O2acts as a precursor for more cytotoxic or higher relative ROS. SODs constitute the first line of defence
for scavenging O2- radicals generated under various
physiological conditions. SOD has been established
to work in collaboration with POD and CAT, which
act in tandem to remove O2- and H2O2, respectively
[37]. The effects of Cd on SOD activity in the leaves
and stems of Hydrilla verticillata are shown in Fig.
3. In the leaves, SOD activity increased sharply with
rising Cd concentration after exposure for 2, 4, 6 and
8 days, and the maximum activity increased 4.27-,
5.59-, 7.27- and 8.39-folds at a Cd concentration of
ȝ0FRPSDUHGWRWKHFRQWUROUHVSHFWLYHO\6LPL
larly, in the stems, SOD activity increased significantly with increasing Cd concentration after exposure for 2, 4, 6 and 8 days, and the maximum values
represented 5.54-, 8.31-, 6.29- and 4.10-folds at Cd

FRQFHQWUDWLRQVRIȝ0FRPSDUHGWRWKHFRQWUROUH
spectively. Early reports showed that increased SOD
activities and cellular ROS levels are involved in
many stages of plant life including culture stages and
responses to heavy metal stress[1,37]. Moreover, the
changes of SOD activity in the leaves and stems of
Hydrilla verticillata are correlated to those of POD
and CAT activities (Fig. 4 and Fig. 5). Our findings
are in agreement with previous reports suggesting
the participation of SOD in the defence mechanism
when these plants were exposed to heavy metal toxicity. However, the ROS-scavenging pathway is
quite complex. Therefore, both successful and unsuccessful results have been obtained in attempts to
create resistant plants. In the present study, SOD activity in the leaves was significantly higher than in
the stems. This may be explained by the fact that Cd
contents in the leaves were significantly higher than
in the stems at the same stages (Fig. 2).
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FIGURE 5
Changes in CAT activity in leaves and stems of Hydrilla verticillata in the presence of Cd after 2, 4, 6 and 8
days of exposure. Values represent mean ±S.D. (n=3). Different letters indicate significantly different values at a particular duration (DMRT, p<0.05).
Effects of Cd concentration on POD activity
in Hydrilla verticillata. POD, which is another indicator of oxidative stress in plant cells, is involved
in several important physiological and developmental processes[49,50]. Therefore, POD has often
served as a parameter of metabolic responses under
growth alteration and/or environmental stress conditions. Effects of Cd on POD activity in the leaves and
stems of Hydrilla verticillata are shown in Fig. 4. In
the leaves, POD activity increased significantly with
rising Cd concentrations after exposure for 2, 4 and
6 days, and the maximum values increased 3.11-,
4.16- and 5.17-IROGDW&GFRQFHQWUDWLRQVRIȝ0
compared to the control, respectively. At Day 8, activity increased with rising Cd concentration up to 16
ȝ0DQGWKH KLJKHVWOHYHOZDVDpproximately 5.71fold that of the control. In the stems, POD activity
increased gradually with increasing Cd concentration after exposure for 2, 4, 6 and 8 days, and the
maximum values represented 3.73-, 10.1-, 4.78- and
6.55-fold increases at Cd concentrDWLRQV RI  ȝ0
compared to the control, respectively. Accordingly,
our findings showed that Cd tested concentrations in
the water really influenced changes in POD activity
to varying degrees, which may be the result of a common response to Cd toxicity. Increased POD activity
has previously been reported in some plants exposed
to Cd toxicity, such as Ceratophyllum demersum[40],
Lemna minor[51], Typha angustifolia[10] and Pistia
stratiotes[14]. These findings suggested that stimulated antioxidative enzymes such as POD, SOD and
CAT may be important for heavy metal detoxification in these aquatic plants. Compared to previous
results, the present findings showed that POD activity in Hydrilla verticillata was induced gradually by
increasing Cd concentrations. The changes in POD
activity may result from a complex interaction of Cd
concentration, exposure time and plant organs and
requires further analysis.

Effects of different Cd concentrations on
CAT activity in Hydrilla verticillata. CAT plays
an integral role in the removal of ROS produced under various stress conditions and the avoidance of
oxidant damage. CAT and POD are often considered
a positive balance in the maintenance of H2O2 in
plant tissues[52]. Effects of Cd on CAT activity in
the leaves and stems of Hydrilla verticillata are
shown in Fig. 5. In the leaves, CAT activity increased significantly with rising Cd concentrations
after exposure for 2, 4, 6 and 8 days, and the maximum values represented 3.41-, 4.23-, 9.24- and 14.6fold changes at a Cd concHQWUDWLRQRIȝ0FRP
pared to the control, respectively. Similarly, in the
stems, CAT activity increased gradually with increasing Cd concentration after exposures of 2, 4, 6
and 8 days, and the maximum values represented
3.91-, 13.9-, 7.73- and 13.3-fold changes at the Cd
FRQFHQWUDWLRQRIȝ0FRPSDUHGWRWKHFRQWUROUH
spectively. CAT, SOD and POD in plant cells are often considered typical defence components against
heavy metal stress. Our findings suggested that
changes in CAT activity show a trend similar to
those in SOD and POD activity (Fig. 3, Fig. 4 and
Fig. 5). This might indicate that a series of antioxidant defence enzymes, rather than a single molecule
is responsible for protection in Hydrilla verticillata
plant exposed to Cd toxicity. Similar to the present
study, an increase in CAT activity has been reported
in some plants exposed to heavy metal toxicity, such
as Ceratophyllum demersum[40], Lemna minor[46],
Typha angustifolia[10] and Pistia stratiotes[14]. In
addition, there was a significant positive correlation
between Cd concentration and plant organs, suggesting that changes in CAT activity were associated
with Cd concentration and plant organs. The present
findings indicated that cadmium induced higher
CAT activity as well as SOD and POD activities,
which provide better defence against Cd-induced oxidative damage.
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FIGURE 6
Changes in PPO activity in leaves and stems of Hydrilla verticillata in the presence of Cd after 2, 4, 6 and 8
days of exposure. Values represent mean ±S.D. (n=3). Different letters indicate significantly different values at a particular duration (DMRT, p<0.05).
Effects of Cd concentration on PPO activity
in Hydrilla verticillata. Polyphenol oxidases (PPOs)
are enzymes with a dinuclear copper centre that catalyse the hydroxylation of monophenols to o-diphenols and the oxidation of o-dihydroxyphenols to oquinones utilizing molecular oxygen[53]. PPO has
been studied in many plant tissues, but its biological
function remains hard to define. Earlier reports suggest that they may be involved in a number of cellular processes, such as defence against pests and pathogens, control of oxygen levels in chloroplasts, synthesis of phenolic compounds and heavy metal
stress[54]. Thus, PPO activity and the activation of
PPO are generally recognized as markers of environmental stress in various plant species. The effects of
Cd on PPO activity in the leaves and stems of Hydrilla verticillata are shown in Fig. 6. In the leaves,
PPO activity increased significantly with rising Cd
concentrations after 2, 4 and 6 days, and the maximum values increased 2.38-, 2.73- and 3.47-fold at a
&GFRQFHQWUDWLRQRIȝ0FRPSDUHGWRWKHFRQWURO
respectively. At Day 8, the activity increased with
riVLQJ&GFRQFHQWUDWLRQVXSWRȝ0DQGWKHKLJK
est level was approximately 3.78 times that of the
control. In the stems, PPO activity increased gradually with increasing Cd concentration after 2, 4, 6
and 8 days, and the maximum values represented
1.61-, 2.19-, 3.25- and 4.73-fold changes at a Cd conFHQWUDWLRQRIȝ0FRPSDUHGWRWKHFRQWUROUHVSHF
tively. Induction of PPO activity has also been analysed in some plant species exposed to heavy metal
toxicity, and has thus been associated with some
form of defence mechanism[55],[56],[57]. However, the
VLJQLILFDQFHRIWKLVLQGXFWLRQZDVQRWFOHDU.RYiþLN
[58] observed an increase in root PPO activity with
Cu and Cd and concluded that the formation of polymerized phenols could be used to complex free
metal ions. PPO has also been associated with catalase-like activity[59] and could thus have a role in direct hydrogen peroxide removal. In general, the expression of PPO in some plants is made more complex by the presence of multiple PPO-encoding
genes, some of which are expressed only in specific

organs or only under certain stress conditions [49].
Our results indicated that increased PPO activity appears to be an effective scavenger of H2O2 in the present experiment. These findings suggest that PPO
might also be involved in the defence mechanism of
Hydrilla verticillata plants against oxidative stress
when they are exposed to Cd toxicity. However, their
biological roles are more complex than expected.

CONCLUSION
Hydrilla verticillata plants responded positively
through induction of SOD, POD, CAT and PPO activity when exposed to Cd toxicity, and responses significantly differ with varying tissues, exposure times and
Cd concentrations. These increased SOD, POD, CAT,
and PPO activities indicated that the tolerance capacity of Hydrilla verticillata may protect the plant from
oxidative damage when exposed to Cd toxicity. These
biomarkers, and in particular antioxidant enzymes,
could be used in integrative approaches with classical
endpoints in eco toxicological tests with Cd after further studies in real field conditions. In nature, Hydrilla
verticillata plants grow in a complex water environment, including multiple heavy metals and the interaction of environmental factors. Thus, further in-depth
studies of Hydrilla verticillata plants will help our understanding of biochemical networks involved in the
cellular responses and metabolomics of defence
mechanisms and will help to answer the remaining
toxicity/tolerance questions regarding multiple heavy
metal stress and the interaction of environmental factors.
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ABSTRACT

INTRODUCTION

7KHVRLOUHVSLUDWLRQLVFRQGXFLYHWRHVWLPDWHWKH
UHVSRQVHRIFDUERQF\FOLQJWRIXWXUHFOLPDWHFKDQJH
DQG WKXV KDV UHFHLYHG PXFK UHFHQW DWWHQWLRQ 7KLV
UHVHDUFK SUHVHQWV D FDVH VWXG\ RQ KRZ WKH VRLO
UHVSLUDWLRQ DQG WKH WHPSHUDWXUH VHQVLWLYLW\ RI VRLO
UHVSLUDWLRQ 4  FKDQJH IRU GLIIHUHQW FURS W\SHV LQ
WKH JURZLQJ VHDVRQ 7KH YHJHWDWLRQFURS W\SH
FKDQJHV WKDW RFFXUUHG LQ WKH VWXG\ DUHD ZHUH
SULPDULO\ WUDQVIRUPDWLRQV DPRQJ FDODPDJURVLWV
DQJXVWLIROLD EURDGOHDYHG GHFLGXRXV IRUHVW PDL]H
DQGULFHFURSDQGWKHVRLOUHVSLUDWLRQUDWH(5V)VRLO
WHPSHUDWXUHDQGPRLVWXUHZHUHPHDVXUHGLQWKHFURS
JURZLQJVHDVRQIURP$SULOWR-XO\7KHUHVXOWV
VKRZHG WKDW WKH 5V RI ULFH ZKLFK FKDQJHG IURP
PDL]H RU FDODPDJURVLWV DQJXVWLIROLD IURP  WR
 0055 RU &&55  ZDV VLJQLILFDQWO\
KLJKHUWKDQWKDWRIPDL]HZKLFKUHPDLQHGDVPDL]H
0000  DQG WUDQVIRUPHG IURP FDODPDJURVLWV
DQJXVWLIROLD RU EURDGOHDYHG GHFLGXRXV IRUHVW
&&00RU%%00 7KH4YDOXHRI%%00
  ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI
&&55   0000   0055
  DQG &&00   7KHUH ZDV DQ
H[SRQHQWLDO UHJUHVVLRQ IXQFWLRQ EHWZHHQ WKH 4
YDOXHVDQGVRLOWHPSHUDWXUHDQGWKH4YDOXH ZDV
VWDEOH   ZLWK QR REYLRXV YDULDWLRQ ZKHQ WKH
WHPSHUDWXUHEHORZΥLQWKHJURZLQJVHDVRQ7KH
4 YDOXHV VKRZHG DQ LQFUHDVLQJ WUHQG ZLWK VRLO
PRLVWXUHVXQWLOUHDFKLQJWKHWKUHVKROGYDOXHV 
IRU &&55  IRU %%00  IRU
&&00  IRU 0000 DQG  IRU
0055 DQGWKHQGHFOLQHGVOLJKWO\7KHVHILQGLQJV
FDQ SURYLGH LQIRUPDWLRQ IRU WKH VWXGLHV RQ FDUERQ
HPLVVLRQLQDJULFXOWXUDODUHD+RZHYHUWKHYDOXHRI
4 FRXOGFDXVHDORZHUHYDOXDWLRQGXHWRFRQVLGHU
RQO\WKHREVHUYDWLRQLQWKHJURZLQJVHDVRQWKHUHIRUH
ILOHGREVHUYDWLRQRIVRLOUHVSLUDWLRQVKRXOGFRYHUDOO
WKHSRVVLEOHWLPHLQWKHZKROH\HDU

6RLO UHVSLUDWLRQ SOD\V D FULWLFDO UROH LQ JOREDO
FDUERQF\FOLQJGXHWRWKHLQIOXHQFHRQWKHG\QDPLF
FKDQJH RI &2 FRQFHQWUDWLRQ LQ DWPRVSKHUH >@
7KHUHIRUH LW LV FULWLFDO WR DQDO\]H ZKLFK IDFWRUV
LQIOXHQFH VRLO UHVSLUDWLRQ DW EDFNJURXQG RI
GUDPDWLFDOFOLPDWHFKDQJH>@
7KHUH DUH YDULRXV IDFWRUV DIIHFWLQJ VRLO
UHVSLUDWLRQ EXW VRLO WHPSHUDWXUH >@ DQG VRLO
PRLVWXUH>@DUHFRQVLGHUHGWREHSUHGRPLQDQWDQG
WKHLUHIIHFWVPD\LQWHUDFW>@3UHYLRXVVWXGLHVKDYH
IRXQG WKDW WKH UHVSRQVH RI VRLO UHVSLUDWLRQ WR
WHPSHUDWXUH YDULDWLRQ FRXOG SUHGLFW WKH SRVVLEOH
EHWZHHQWKHFDUERQF\FOHDQGJOREDOFOLPDWHFKDQJH
> @ DQG LW FRQGXFLYH WR DFFHOHUDWH FDUERQ F\FOH
PRGHOV >@ 7KH WHPSHUDWXUH VHQVLWLYLW\ RI VRLO
UHVSLUDWLRQ LV WKH IDFWRU E\ ZKLFK VRLO UHVSLUDWLRQ
LQFUHDVHV ZLWK D Υ LQFUHDVHV DQG FRPPRQO\
UHIHUUHG WR DV 4 > @ 7KHUH H[LVWV QXPHURXV
VSDWLDOWHPSRUDOIDFWRUVWRDIIHFWWKH4YDOXHWKXV
LW LV QRW FRQVWDQW > @ 0RUHRYHU LW KDV EHHQ
VXJJHVWHGWKDWDQ\GHYLDWLRQRI4 PLJKWUHVXOWLQ
DQHQRUPRXVELDVRIVRLOUHVSLUDWLRQHVWLPDWLRQ>@
$FFRUGLQJO\DEHWWHUXQGHUVWDQGLQJRIKRZWKH4
YDOXHYDULDWHVZLOOQRWRQO\SURPRWHWKHVWXG\RQWKH
UHVSRQVHRIHFRORJLFDOSURFHVVHVWRFOLPDWHFKDQJH
EXW DOVR DYDLODEOH WR JDLQ WKH JOREDO FDUERQ F\FOH
PRGHOV+RZHYHUWKHH[LVWLQJUHVHDUFKHVRQWKH5V
DQG LWV 4 DUH PDLQO\ UHVWULFWHG ZLWKLQ WKH IRUHVW
HFRV\VWHPV>@DQGWKHUHLVOLWWOHLQIRUPD
WLRQRQDJURHFRV\VWHPVHVSHFLDOO\LQFURSJURZLQJ
VHDVRQ
$JULFXOWXUDO HFRV\VWHP SRVVHVVHV WKH PRVW
DFWLYH SDUW LQ JOREDO FDUERQ SRRO 7KH HIIHFW RI
DJULFXOWXUDO SURGXFWLRQ RQ VRLO UHVSLUDWLRQ LV JUHDW
DQGRIFDUERQGLR[LGH SRXUHGLQWRWKH DWPRVSKHUH IURP DJULFXOWXUDO DFWLYLWLHV 0RVW SUHYLRXV
UHVHDUFKRQVRLOUHVSLUDWLRQKDVIRFXVHGRQWKHFURSV
RIGU\ODQGSDUWLFXODUO\WKHPDL]HFURSSOD\VVLJQLILFDQW UROH > @ 0HDQZKLOH E\ DOWHUQDWLQJ FURS
W\SHV WKH UDWLRQ EHWZHHQ WKH DERYH DQG EHORZ
JURXQG ELRPDVV >@ DV ZHOO DV VRLO QXWULWLRQ >@
YDULHVTXDQWLWDWLYHO\DQGTXDOLWDWLYHO\7KHHIIHFWVRI
VRLOWHPSHUDWXUHDQGVRLOPRLVWXUHRQGLIIHUHQWFURS
W\SHV DUH TXLWH GLIIHUHQW DV D UHVXOW RI FURS JURZWK

.(<:25'6
6RLO UHVSLUDWLRQ 7HPSHUDWXUH VHQVLWLYLW\ 6RLO PRLVWXUH
&URSW\SHV
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DQGWKHDOELFVRLODFFRXQWIRURIWKHWRWDODUHD
7KHDYHUDJHFRQWHQWVRIWRWDOQLWURJHQDQGSKRVSKRURXV IRU IDUPODQG VRLO aFP  DUH JNJ DQG
JNJDQGWKHRUJDQLFPDWWHUFRQWHQWLVJNJ

FKDUDFWHULVWLFVDQGFKDQJHVLQVRLOWHPSHUDWXUHDQG
PRLVWXUHDPRQJGLIIHUHQWFURSW\SHVFDQHYHQWXDOO\
DOWHUWKH5VDQG4YDOXHVRIFURSJURZWKSKDVH>@
&XUUHQWO\WKHWHPSHUDWXUHVHQVLWLYLW\RIVRLOUHVSLUDWLRQ YDULHV IURP WKH 4 YDOXH RI  IRU WKH
FURSODQGLQ6KHQ\DQJFLW\/LDRQLQJ3URYLQFH>@WR
WKDWRIIRUWKHHYHUJUHHQQHHGOHOHDIIRUHVWLQ/L
FRXQW\6LFKXDQ3URYLQFHRI&KLQD>@:LWKUHJDUG
WRPDL]HWKH4YDOXHUDQJHVIURPWRLQ
1DQMLQJ FLW\ RI -LDQJVX 3URYLQFH >@ 6LPXOWDQHRXVO\WKHYDVWPDMRULW\RIUHVHDUFKRQWKHLPSDFWVRI
VRLO WHPSHUDWXUH DQG PRLVWXUH KDYH IRFXVHG RQ
YDULRXV HFRV\VWHPV EXW LQIRUPDWLRQ RQ WKH VRLO
UHVSLUDWLRQRIGLIIHUHQWFURSW\SHVLVVWLOOOLPLWHGDQG
QHHGWREHGHHSO\VWXGLHG
0DL]HDQGULFHDUHWKHWZRPRVWFRPPRQFURSV
LQ WKH DJULFXOWXUDO SURGXFWLRQ RI 6DQMLDQJ 3ODLQ
1RUWKHDVW RI &KLQD 7KH LQYHVWLJDWLRQ RI VRLO
UHVSLUDWLRQ DQG WKH 4 YDOXHV RI WKHVH WZR FURSV
UHFODLPHGIURPRWKHUYHJHWDWLRQRUFURSKDYH GHILQLWH GLUHFWLYH VLJQLILFDQFH IRU WKH DJULFXOWXUDO
UHFODPDWLRQ DUHD 7KH VSHFLILF REMHFWLYHV RI WKLV
VWXG\ ZHUH WR   TXDQWLI\ WKH 5V YDULDWLRQV IRU
GLIIHUHQW FURS W\SHV   H[SORUH WKH UHODWLRQVKLSV
EHWZHHQWKHVRLOWHPSHUDWXUHVRLOPRLVWXUHDQGWKH
5V YDOXHV   H[DPLQH ZKLFK FURS KDV PRUH
VHQVLWLYHHIIHFWRQWHPSHUDWXUHFKDQJH"

6DPSOLQJ FROOHFWLRQ 'XH WR WKH VHYHUDO
DJULFXOWXUDO UHFODPDWLRQV DLPLQJ WR LQFUHDVH JUDLQ
SURGXFWLRQWKHFXOWLYDWHGODQGDUHDRI6DQMLDQJ3ODLQ
LQFUHDVHGIURPNPEHIRUHWKHIRXQGLQJRI35&
WRNPLQ$ORQJZLWKWKHRFFXUUHQFHRI
ODQG XVH WUDQVIRUPDWLRQ RYHU DERXW \HDU SHULRG
GU\ODQGV UHFODLPHG IURP ZHWODQGV RU IRUHVW GU\ODQGVZKLFKUHPDLQHGDVGU\ODQGVDQGSDGG\ODQGV
UHFODLPHG IURP ZHWODQGV RU GU\ODQGV  WKH YHJHWDWLRQFURSW\SHVKDGEHHQFKDQJHGJUHDWO\7RIXUWKHU
XQGHUVWDQGWKHLPSDFWRIYHJHWDWLRQFURSW\SHYDULDWLRQV RQ VRLO UHVSLUDWLRQ DQG 4 YDOXHV ODQG XVH
FKDQJH IURP  WR  VKRXOG EH FRQVLGHUHG
6DPSOLQJ FROOHFWLRQ ZDV FRQGXFWHG EDVHG RQ WKH
ODQG XVH GDWDVHWV RI %DZXMLX )DUP H[WUDFWHG IURP
RQH FORXGIUHH /$1'6$7 066 LPDJH REWDLQHG LQ
 DQG WKUHH FORXGIUHH /$1'6$7 70 LPDJHV
REWDLQHG LQ   DQG  SULPDULO\ E\
$UF*,6VRIWZDUH%HFDXVHWKHODQGXVHFKDQJHVWKDW
RFFXUUHGLQ%DZXMLX)DUPZHUHPDLQO\FRQYHUVLRQV
DPRQJZHWODQGIRUHVWGU\ODQGVDQGSDGG\ODQGILYH
FURS W\SHV ZHUH FODVVLILHG EDVHG RQ WKH YHJHWDWLRQFURSURWDWLRQW\SHVLQDQG
FDODPDJURVWLV DQJXVWLIROLD PHDGRZFDODPDJURVWLV
DQJXVWLIROLD
PHDGRZULFHULFH
&&55 
EURDGOHDYHG GHFLGXRXV IRUHVWEURDGOHDYHG GHFL
GXRXV IRUHVWPDL]HPDL]H %%00  FDODPDJ
URVWLV DQJXVWLIROLD PHDGRZFDODPDJURVWLV DQJXVWL
IROLD PHDGRZPDL]HPDL]H &&00  PDL]H
PDL]HPDL]HPDL]H 0000 DQGPDL]HPDL]H
ULFHULFH 0055 
$FFRUGLQJ WR WKH ODQG WUDQVIRUPDWLRQ IURP
WRDQGWKHJURZLQJVHDVRQRIFURSV IURP
$SULOWR-XO\ DUDEOHVXUIDFH VRLOV FPGHSWK 
VXEVRLOV FP GHSWK  DQG GHHSOHYHO VRLOV 
FPGHSWK IURPVLWHV DWRWDORIVRLOVDPSOHV 
ZHUHFROOHFWHGRQ$SULO0D\-XQH-XQH
DQG-XO\LQWRPHDVXUH5V2QHDFKVDPSOH
VLWHWKHWRSFURSUHVLGXDOVLQD00cm×100cm area
were removed and three soil cores (0-90cm) were
taken by VRLOULQJNQLYHV. The soil cores were cut into
three extents (0-15cm surface soils, 15-30cm
subsoils and 30-60cm deep-level soils). For each
extent, three soil samples were homogenized and
sealed in plastic bags at -4Υ. 'HWDLOHGLQIRUPDWLRQ
RQ WKH VDPSOLQJ VLWHV DUH JLYHQ LQ 7DEOH  6RLO
SURSHUWLHV VRLO RUJDQLF FDUERQ VRLO WRWDO QLWURJHQ
&1 DQG VRLO S+  LQ7DEOH  ZHUH REWDLQHG E\ WKH
VXUIDFH VRLOV FP  IURP  DUDEOH VLWHV 
&&55VRLOVLWHV%%00VRLOVLWHV&&00
VLWHV0000VLWHVDQG0055VLWHV 7KHVH
VRLOVDPSOHVZHUHFROOHFWHGLQODWH$SULOSULRU
WRIHUWLOL]DWLRQDQGVHDOHGLQSODVWLFEDJVDW25Υ.

MATERIALS AND METHODS
6LWH GHVFULSWLRQ $OO VRLO VDPSOHV ZHUH FROOHFWHGLQ%DZXMLX)DUPRI6DQMLDQJ3ODLQLQ QRUWK
HDVWHUQ &KLQD 7KH 6DQMLDQJ 3ODLQ VSDQQLQJ IURP
Rƍƍƍ WR Rƍƍƍ( DQG IURP Rƍƍƍ WR
Rƍƍƍ1LVDQLPSRUWDQWEDVHRIJUDLQSURGXFWLRQ
LQ &KLQD ,W LV WKH ORZ DOOXYLDO SODLQ RI WKH +HLORQJMLDQJ6RQJKXDDQG:XVXOL5LYHUVHQFRPSDVVLQJ D WRWDO DUHD RI î NP>@7KH DQQXDO
DYHUDJHWHPSHUDWXUHLVΥDQGWKHPHDQDQQXDO
DPRXQWRISUHFLSLWDWLRQYDULHVEHWZHHQPPDQG
PP 6DQMLDQJ 3ODLQ LV D IUHH]LQJWKDZ DJULFXOWXUDO DUHD WKH IUHH]LQJ SHULRG RI ZKLFK RFFXSLHV
VHYHQ RU HLJKW PRQWKV DQG WKH DYHUDJH GHSWK RI
IUR]HQ JURXQG LV aP 0RUHRYHU 6DQMLDQJ
3ODLQLVRQHRIWKHODUJHVWIUHVKZDWHUPDUVKGLVWULEXWLRQDO DUHD LQ &KLQD DQG LWV XQLTXH ULYHU ZHWODQG
V\VWHP KDV DQ LPSRUWDQW UHSUHVHQWDWLYHQHVV DQG
LQWHUQDWLRQDOVLJQLILFDQFH>@
7ZRORQJWHUPUHPRWHZHDWKHUPRQLWRULQJVWDWLRQVZHUHHVWDEOLVKHGLQ%DZXMLX)DUPRI6DQMLDQJ
3ODLQ7KHDQQXDODYHUDJHWHPSHUDWXUHDQGSUHFLSLWDWLRQRI%DZXMLX)DUPDUHΥDQGPPIURP
WRRIWKHSUHFLSLWDWLRQFRQFHQWUDWHG
LQ WKH VWURQJ VXPPHU FURS 7KH GDLO\ PHDQ DLU
WHPSHUDWXUHDQGSUHFLSLWDWLRQGDWDGXULQJWKHVWXG\
-XO\ -XQH   DUH SUHVHQWHG LQ )LJ 7KH
VRLOLVFRPSRVHGE\DOELFDQGVZDPS\VRLOSULPDULO\
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FIGURE 1
Daily air temperature and precipitation in the sampling site
7$%/(
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4 H[S ȕ  
Where 5V ȝJ&22·kg-1·h-1 LVWKHYDOXHWREHPHDVXUHGVRLOUHVSLUDWLRQUDWH7 Υ LVWKHREVHUYHGVRLO
WHPSHUDWXUHYDOXHDWWKHVDPSOLQJVLWHDWHDFKGHSWK
DQGъDQGȕDUHUHJUHVVLRQFRHIILFLHQWV
The data for the 5VVRLOWHPSHUDWXUHDQGPRLVWXUHZHUHDQDO\]HGLQ6366IRU:LQGRZV SPSS
Inc., IL 7KH UHODWLRQVKLSV EHWZHHQ WKH 4 YDOXHV
DQG WKH VRLO WHPSHUDWXUH PRLVWXUH ZHUH H[DPLQHG
XVLQJWKHFRUUHODWLRQDQDO\VLVat  ܤ7RLGHQWLI\
whether 5V and 4 DUH VLJQLILFDQWO\ GLIIHUHQW LQ
GLIIHUHQWFURSW\HVDWGLIIHUHQWVRLOGHSWKVDQDQDO\VLVRIYDULDQFH $129$ ZDVSHUIRUPHG,I3
there were significant differences between groups,
and if P>0.05, differences were considered not
significant.

0HDVXUHPHQW PHWKRGV 7KH VRLO VDPSOHV
ZHUHDLUGULHGDWΥDQGJURXQGWRSDVVWKURXJK
PPQ\ORQVLHYHVWRPHDVXUHVRLOSURSHUWLHV>@7KH
VRLOS+ZDVDQDO\]HGZLWKWKHS+PHWHU 'HOWD
0HWWOHU7ROHGR *UHLIHQVHH 6ZLW]HUODQG  ZKHQ
SURSRUWLRQRIVRLODQGZDWHUZDV6RLOWRWDOQLWURJHQDQGRUJDQLFFDUERQZHUHPHDVXUHGZLWKD&+1
(OHPHQWDO$QDO\]HU (XURYHFWRU($(XUR9HFWRU6S$0LODQ,WDO\GU\FRPEXVWLRQWHPSHUDWXUH
Υ  7R GHWHUPLQH 5V WKH VRLO VDPSOHV ZHUH
VHDOHG DW Υ DQG PHDVXUHG XVLQJ WKH VWDWLF DONDOL
DEVRUSWLRQPHWKRG>@$OOYLVLEOHOLYLQJRUJDQLVPV
ZHUH UHPRYHG EHIRUH PHDVXUHPHQWV 0HDQZKLOH
RQHRUPRUHDGGLWLRQDOPHDVXUHPHQWVZHUHUHFRUGHG
XQWLOWKHYDULDWLRQEHWZHHQWZRPHDVXUHPHQWUHVXOWV
ZDV OHVV WKDQ  6RLO WHPSHUDWXUH DQG PRLVWXUH
ZHUH REWDLQHG E\ WKH =(12 DJULFXOWXUDO
PHWHRURORJLFDO PRQLWRUV WKH GHWHFWRUV RI ZKLFK
ZHUHEXULHGDWFPFPDQGFPGHSWKVXQGHUJURXQGWRPRQLWRUWKHZHDWKHUFRQGLWLRQVRIVXUIDFH
VRLOVVXEVRLOVDQGGHHSOHYHOVRLOV

RESULTS
'DLO\ YDULDWLRQ RI VRLO FRQGLWLRQ The daily
soil condition data were obtained from the =(12
DJULFXOWXUDOPHWHRURORJLFDOPRQLWRUVRI&&55DQG
&&00FURSODQGVWKHQLWVDYHUDJHZDVWDNHQDV
WKHUHVXOWThe mean rainfall using the ZENO monitors (175.9 mm) over the study period (from $SULO
WR-XO\LQ) was higher than that in the same
period of past years (135.1 mm). The corresponding

6WDWLVWLFDODQDO\VLVThe relationship between
soil temperature and 5V was simulated by the
exponential regression function. 7KH WHPSHUDWXUH
VHQVLWLYLW\RIVRLOUHVSLUDWLRQ(4) was calculated as
formula (1) and (2) [29]:
5V ъH[S ȕ7  
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average soil temperature was 15.2Υ, 12.8Υ and 9.9Υ
at 0-15cm, 15-30cm and 30-60cm during the study,
respectively. The maximum daily soil tempe-ratures
(24.4Υ at 0-15cm, 21.8Υ at 15-30cm and 18.1Υ at
30-60cm) were recorded in late June, while
minimum daily soil temperatures (4.2Υ at 0-15cm,
2.2Υ at 15-30cm and -0.1Υ at 30-60cm) were
recorded in April 2012 ()LJ). Soil water contents
of three soil depths varied over a range in response
to rainfall events. Mean daily soil water contents at
different soil depths ranged from 19.9% to 39.8%
with the lowest value on May 5 and the highest soil
water content on May 15 ()LJ). Highest soil water
content for C/C/R/R (36.49%) were observed on
account of precipitation and irrigation over the rice
growing phase. Lowest value of C/C/M/M stayed
ranging from 15.23% at the early of the growing
phase in late April to 38.97% following rainfall in
early May.
(IIHFWV RI FURS W\SHV DQG VRLO GHSWKV RQ 5V
DQG4The 5V had an obvious change among the
different soil depths (0-15cm, 15-30cm and 30-60cm)

Fresenius Environmental Bulletin

()LJ). The fluctuations in the 5V UHIOHFWHG WKH
YDULDWLRQV RQ WKH soil temperature associated with
these crop types in the growing phase ()LJ). During
the study period, the 5V ZDV ȝJ &22·kg-1·h-1
with a range of 160.4-ȝJ &22·kg-1·h-1 for
&&55 ȝJ &22·kg-1·h-1 with a range of
129.9-ȝJ &22·kg-1·h-1 IRU%%00 ȝJ
CO2·kg-1·h-1 with a range of 137.5-ȝJ&22·kg1 -1
·h IRU &&00 ȝJ &22·kg-1·h-1 with a
range of 152.8-ȝJ&22·kg-1·h-1 for M/M/M/M,
DQG ȝJ &22·kg-1·h-1 with a range of 198.6ȝJ &22·kg-1·h-1 for M/M/R/R, respectively.
The soil respiration in the M/M/R/R was
significantly higher than those in other four crop
types (P<0.01), and there were remarkable
differences among C/C/R/R, M/M/M/M, C/C/M/M
and B/B/M/M types (P<0.01). The 5V at 30-60cm
depth was significantly lower than that at 0-15cm
and 15-30cm depths (P<0.05), and the significant
difference occurred between 0-15cm and 15-30cm
depths (P<0.05) for all crop types. In our study, the
crop types and soil depths had significant effects on
the 5V.

FIGURE 2
Daily average soil temperature (0-15cm,15-30cm and 30-60cm), daily precipitation and daily soil
water content (0-15cm,15-30cm and 30-60cm) over the study period at the Sanjiang Plain, China.
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FIGURE 3
Changes in the Rs under different soil depths during the study for five crop types

FIGURE 4
Variations in the Q10 value of different crops (B/B/M/M, C/C/R/R, M/M/M/M, M/M/R/R, and
C/C/M/M). The values of Q10 of every crop were the mean value of the three parallel soil samples
at the three different soil depths during the studying period. The letters (a, b, c or d) within the
columns indicate significant differences between the crops at the 5% level based on DXQFDQ¶V
Multiple-Range Test. The values are the mean±SD.
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WHPSHUDWXUH 3!  DQG WKH VRLO WHPSHUDWXUH
UDQJHVZHUHWRΥΥΥ
Υ DQG  WR Υ IRU &&55
%%00 &&00 0000 DQG 0055
UHVSHFWLYHO\)RU0055WKHDYHUDJHVRLOWHPSH
UDWXUHDWFP Υ ZDVVLJQLILFDQWO\KLJKHU
WKDQ WKDW DW FP Υ  DQG FP
Υ  GXULQJ WKH VWXG\LQJ SHULRG 3 
+RZHYHUWKHPHDQVRLOWHPSHUDWXUHDWFPZDV
VLJQLILFDQWO\ORZHUWKDQWKDWDWFPDQGFP
IRU &&55 %%00 &&00 DQG 0000
3  DQG WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH
EHWZHHQFPDQGFP 3! $WFP
GHSWK WKH PHDQ VRLO WHPSHUDWXUHV IRU %%00
Υ DQG&&55 Υ ZHUHKLJKHUWKDQWKDW
RI 0000 Υ  0055 Υ  DQG
&&00 Υ  3  EXW WKHUH ZDV QR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH 0000 DQG
&&00$WFPGHSWKWKHPHDQVRLOWHPSH
UDWXUHVIRU0055 Υ DQG&&00 Υ 
ZHUHVLJQLILFDQWO\ORZHUWKDQWKDWIRU%%00 Υ 
&&55 Υ DQG0000 Υ  3 
ZKLOH WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH DPRQJ
%%00&&55DQG&&00 3! %XWDW
FP GHSWK WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH
DPRQJWKHFURSW\SHVIRUVRLOWHPSHUDWXUH 3! 

7KH 5V LQFUHDVHG H[SRQHQWLDOO\ ZLWK WKH VRLO
WHPSHUDWXUH IRU HDFK FURS W\SH GXULQJ WKH VWXG\
SHULRG 3 7KH4YDOXHVYDULHGVLJQLILFDQWO\
DFURVVWKHFURSW\SHV )LJ 7KHRUGHURI4YDOXH
DWFPGHSWKIRUILYHFURSW\SHVIURPKLJKWRORZ
ZDV%%00  &&55  
0000  0055  
DQG&&00  7KHUHZHUHVLJQLILFDQW
GLIIHUHQFHVDPRQJWKHFURSW\SHV 3 H[FHSWIRU
WKH0000DQGWKH0055 3  ,QWKLV
VWXG\WKHVRLOGHSWKKDGQRVLJQLILFDQWHIIHFWRQ4
YDOXH 7KH 4 YDOXHV RI %%00  
DQG 0055   DW -FP ZHUH
VLJQLILFDQWO\KLJKHUWKDQWKRVHDW-FPDQGFPGHSWKVDQGWKH4YDOXHVRI&&00DWFPGHSWK  ZHUHORZHUWKDQWKRVHDW
FP   DQG -FP  
GHSWKV 3  %XW WKHUH ZDV QR VLJQLILFDQW
GLIIHUHQFHV DPRQJ WKUHH VRLO GHSWKV -FP FP DQG -FP  IRU &&55 DQG 0000
FURSV
9DULDWLRQVLQVRLOWHPSHUDWXUHDQGPRLVWXUH
RI GLIIHUHQW FURS W\SHV DQG VRLO GHSWKV 7KH
YDULDWLRQVLQWKHVRLOWHPSHUDWXUHZHUHLQDFFRUGZLWK
WKHDLUWHPSHUDWXUHXQGHUGLIIHUHQWVRLOGHSWKVGXULQJ
WKH VWXG\ SHULRG )LJ DQG )LJ  7KHUH ZDV QR
VLJQLILFDQWGLIIHUHQFHDPRQJWKHFURSW\SHVIRUVRLO

FIGURE 5
Changes in the soil temperature at three depths of 0-15cm, 15-30cm and 30-60cm under different
crop types during the study.
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FIGURE 6
Variations in the soil moisture value of different crops (C/C/R/R, M/M/R/R, C/C/M/M, B/B/M/M, and
M/M/M/M). The values of Q10 of every crop were the mean value of the three parallel soil samples at
the three different soil depths during the studying period. The letters (a, b, c or d) within the columns
indicate significant differences between the crops at the 5% level based on DXQFDQ¶V0XOWLSOH-Range
Test. The values are the mean±SD.

FIGURE 7
Relationship between the Q10 and soil temperature values. The Q10 and temperature values of each
point represent the Q10 and average temperature during the crop growing season.
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FIGURE 8
Relationship between the Q10 and soil moisture values. The Q10 and temperature values of each point
represent the Q10 and average moisture during the crop growing season.
7KH DYHUDJH VRLOPRLVWXUH RIULFH FURSZDVVLJQLILFDQWO\KLJKHUWKDQWKDWRIPDL]HDWFPDQG
FP 3 DQGWKHDYHUDJHVRLOPRLVWXUHRUGHU
IRU GLIIHUHQW FURS W\SHV IURP KLJK WR ORZ ZDV
&&55!0055!%%00!&&00!000
0 ZKLOH WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ&&55DQG0055DQGDPRQJ%%00
&&00 DQG 0000 3!  $W FP
GHSWKWKHVRLOPRLVWXUHYDULHGVLJQLILFDQWO\ 3 
DPRQJWKHFURSW\SHVDQGWKHPHDQVRLOPRLVWXUHRUGHU IRU GLIIHUHQW FURS W\SHV IURP KLJK WR ORZ ZDV
&&55   !0055   !&&00 
 !%%00  !0000  

7KHVRLOPRLVWXUHYDULHGLQWKUHHGHSWKVLQUHVSRQVH WR WKH LUUHJXODU UDLQIDOO DQG DJULFXOWXUDO
LUULJDWLRQ$QG WKHUH ZHUH VLJQLILFDQWO\ GLIIHUHQFHV
DPRQJFURSW\SHVIRUVRLOPRLVWXUH 3  )LJ 
ZLWKYDOXHVUDQJLQJIURP WRWR
WRWRDQG
WR  IRU WKH &&55 %%00 &&00
0000 DQG 0055 UHVSHFWLYHO\ 7KH PHDQ
PRLVWXUHWHQGHGWREHKLJKHUIRU&&55  
WKDQWKDWRI0055  &&00  
%%00  DQG0000  )RUWKH
&&55 WKH VRLO PRLVWXUH YDULHG VLJQLILFDQWO\
3  DPRQJ WKH VRLO GHSWKV DQG WKH PHDQ VRLO
PRLVWXUH DW FP GHSWK   ZDV VLJQLIL
FDQWO\KLJKHUWKDQWKDWDWFP  DQG
FP  7KHVRLOPRLVWXUHVDWFPDQG
FPGHSWKZHUHVLJQLILFDQWO\ORZHUWKDQWKDWDW
FP IRU %%00 DQG 0000 3 
ZKLOH WKHUH ZDV QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ
WKHFPDQGWKHFPGHSWKV 3! )RU
&&00DQG0055FURSVWKHUHZDVQRVLJQLILFDQWO\GLIIHUHQFHVDPRQJWKUHHVRLOGHSWKV 3! 

5HODWLRQVKLSRI4WRVRLOWHPSHUDWXUHDQG
PRLVWXUH DFURVV WKH FURS W\SHV DQG VRLO GHSWKV
7KH 4 YDOXHV ZHUH VLJQLILFDQWO\ DQG SRVLWLYHO\
DVVRFLDWHG ZLWKWKH VRLO PHDQWHPSHUDWXUHVRIFURS
JURZLQJ VHDVRQ 3  DQG WKH H[SRQHQWLDO
UHJUHVVLRQ PRGHOV H[SODLQHG  RI WKH
YDULDQFHVLQWKH4YDOXHVIRUHDFKFURSW\SH )LJ 
$VVKRZQLQ)LJWKH4YDOXHLQFUHDVHGE\
ZLWKDΥLQFUHDVHLQWKHVRLOWHPSHUDWXUHDW
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FURSW\SHV 7DEOH 7KHWUDQVIRUPDWLRQIURPQDWXUDO YHJHWDWLRQ WR DJULFXOWXUDO FURSV FKDQJH WKH VRLO
SK\VLFDOFKHPLFDO SURSHUWLHV DQG WKH ELRORJLFDO
DFWLYLWLHV >@ ZKLFK IXUWKHU DIIHFWV WKH 5V DQG
62& FRQWHQW 7KH ODUJHVW 5V RI 0055 ZDV
ȝJ&22·kg-1·h-1 and the lowest 5V ZDVȝJ
CO2·kg-1·h-1 for B/B/M/M in this research, which
was coincided with the order of 5V levels from highest to lowest for vegetation types in northeast of
China (rice, maize, FDODPDJURVWLV DQJXVWLIROLD
PHDGRZDQGEURDGOHDYHGGHFLGXRXVIRUHVW >@
6RLOWRWDOQLWURJHQ 671 DQGVRLOS+FRQWULEXWHGWRWKHGHVFULSWLRQRIVRLOUHVSLUDWLRQGLIIHUHQFHV
DPRQJ FURS W\SHV 7KH PD[LPXP YDOXH RI 5V ZDV
ȝJ &22·kg-1·h-1 for M/M/R/R, and its STN
content (JNJ) was also higher than other crop
types. The STN content order for different crop types
from high to low was 0055 JNJ !&&55
JNJ !0000 JNJ !&&00 JNJ
!%%00 JNJ ZKLFKZDVXQLIRUPZLWKWKDWRI
5V7KH5VYDOXHVZHUHVLJQLILFDQWO\DQGSRVLWLYHO\
DVVRFLDWHGZLWKWKH671FRQWHQWVRIHDFKFURSW\SHV
3  7DEOH   ,W FRXOG EH H[SODLQHG WKDW WKH
KLJK 671 FRQWHQW ZDV LQ IDYRU RI VRLO QLWURJHQ
HIIHFWLYHQHVVZKLFKQRWRQO\SURPRWHGURRWJURZWK
EXWDOVRLQFUHDVHGVRLOPLFURELDOUHVSLUDWLRQDFWLYLW\
>@3UHYLRXVVWXGLHVKDGVKRZQWKDWVLJQLILFDQW
HIIHFWVRIPLFURELDODFWLYLWLHVRQVRLOS+>@DQGIXUWKHUDIIHFWHG 5VYDOXHV>@,QWKLV VWXG\WKHUH
ZHUHVLJQLILFDQWQHJDWLYHFRUUHODWLRQEHWZHHQ5VDQG
VRLOS+YDOXHVIRUHDFKFURSW\SHV 3  7DEOH
  6RLO S+ YDOXHV DIIHFWHG &2 HPLVVLRQ PDLQO\
WKURXJKWKHGHFRPSRVLWLRQDQGFRPSRVLWLRQRIVRLO
PLFURELDODFWLYLW\VRLORUJDQLFPDWWHUVDQGFURSURRW
JURZWK 7KH UHODWLRQVKLS EHWZHHQ 5V DQG VRLO
WHPSHUDWXUHVRLOPRLVWXUHDQGPLFURELDOIDFWRUVKDG
EHHQ GHYHORSHG E\ D QRQOLQHDU UHJUHVVLRQ PRGHO
>@

WKH ZKROH VRLO GHSWK FP  :KHQ WKH VRLO
WHPSHUDWXUHZDVEHORZΥ4YDOXHVRI&&55
0000DQG0055ZHUHVWDEOHZLWKQRREYLRXVYDULDWLRQ&&00KDVWKHELJJHVW4  
YDOXH YDULDWLRQ ZKHQ D Υ LQFUHDVH LQ WKH VRLO
WHPSHUDWXUH
7KH 4 YDOXHV ZHUH VLJQLILFDQWO\ FRUUHODWHG
ZLWKWKHPHDQVRLOPRLVWXUHGXULQJWKHFURSJURZLQJ
VHDVRQEDVHGRQDTXDGUDWLFUHODWLRQVKLSIRU&&55
%%00DQG0055 3 EXWWKHUHZDVQR
VLJQLILFDQWFRUUHODWLRQEHWZHHQ4DQGVRLOPRLVWXUH
IRU&&00DQG0000FURSV 3!  )LJ 
7KH4YDOXHVWHQGHGWRLQFUHDVHZLWKVRLOPRLVWXUHV
XQWLO UHDFKLQJ WKH WKUHVKROG YDOXHV  IRU
&&55  IRU %%00  IRU
&&00  IRU 0000 DQG  IRU
0055 DQGWKHQGHFOLQHGVOLJKWO\7KHHTXDWLRQV
FRXOGH[SODLQDERXWRIWKHYDULDQFHVLQWKH4
YDOXHV IRU &&55 %%00 DQG 0055 EXW
RQO\H[SODLQHGDQGRIWKHYDULDQFHV
LQ WKH 4 YDOXHV IRU &&00 DQG 0000
UHVSHFWLYHO\7KHVHVKRZHGWKDWWKHVRLOWHPSHUDWXUH
H[SODLQHG PRUH RI WKH YDULDQFHV LQ WKH 4 YDOXHV
FRPSDUHGZLWKWKHVRLOPRLVWXUH

DISCUSSION
&RPSDULVRQ RI 5V DPRQJ GLIIHUHQW FURS
W\SHV6RLOUHVSLUDWLRQUDWH 5V YDULHGDPRQJGLIIHUHQWFURSVLWHVLQRXUVWXG\7KHPHDQ5VDWFP
FP DQG FP GHSWKV ZDV LQ WKH RUGHU RI
0055!&&55!0000!&&00!%%0
07KH0055FURSKDGWKHODUJHVW5VPLJKWEH
DVVRFLDWHG ZLWK D ODUJH DPRXQW RI VRLO FDUERQ DQG
QLWURJHQ FRQWHQWV 0DQ\ SUHYLRXV VWXGLHV RQ WKH
UHODWLRQVKLSEHWZHHQ5VDQG62&LQGLFDWHGWKDWWKH
VRLOFDUERQSRROSRVVLEO\GHWHUPLQHVWKHTXDQWLW\RI
FDUERQ GHFRPSRVHG DQG HYHQWXDOO\ UHOHDVHG IURP
WKHVRLO>@7KHSULPLWLYHVRXUFHRI62&IRUVRLO
PLFURELDO UHVSLUDWLRQ LV FRQVLGHUHG DV SODQW
SKRWRV\QWKDWH DQG WKHUHE\ YHJHWDWLRQVRLO LQWHUDFWLRQVSOD\VDQLPSRUWDQWUROHLQDIIHFWLQJ5V,QWKLV
VWXG\WKH0055KDGWKHODUJHVW5VPLJKWEHUHODWHGWRWKHVRLOWRWDOFDUERQ 67& DQGRUJDQLFFDUERQ 62&  &RUUHODWLRQ DQDO\VLV VKRZHG WKDW 5V
ZHUHSRVLWLYHO\FRUUHODWHGZLWK67&DQG62&IRUDOO

(IIHFWVRIVRLOWHPSHUDWXUHDQGPRLVWXUHRQ
4DPRQJGLIIHUHQWFURSW\SHVLQJURZLQJVHDVRQ
7KHDYHUDJHGYDOXHRI4 LQRXUVWXG\UDQJHGIURP
 WR  ZLWK DQ DYHUDJH RI  ZKLFK ZDV
PXFKORZHUWKDQWKHJOREDOYDOXHV UDQJHGIURP
WRPHDQ >@7KHPHDQYDOXHRI6DQMLDQJ
3ODLQLQWKLVVWXG\ZDVFORVHWRWKH4LQWKH7LEHWDQ
3ODWHDX UDQJH >@DQGLWZDVORZHUWKDQ
WKH4YDOXH PHDQUDQJH RIIDUPODQGV
LQ&KLQDREWDLQHGIURPWKHSUHYLRXVVWXGLHV>@
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$OWKRXJKWKHPHDQ5VRI%%00ZDV
  DQG  ORZHU WKDQ WKH UDWHV RI
&&00 0000 &&55 DQG 0055
UHVSHFWLYHO\WKH4YDOXHRI%%00ZDV
  DQG  KLJKHU WKDQ WKDW RI
&&00 0000 &&55 DQG 0055
UHVSHFWLYHO\,Q WKLVVWXG\WKHWRSVRLO FP RI
%%00KDGWKHKLJKHVWVRLOWHPSHUDWXUH Υ 
DQG LWV 5V ZDV PRVW VHQVLWLYH WR WKH ZDUPLQJ
WHPSHUDWXUH+RZHYHUWKH VRLOWHPSHUDWXUHVDW
FPDQGFP ΥDQGΥ GHSWKVZHUH
ORZHUWKDQWKHWRSOD\HUDQGWKHVRLOUHVSLUDWLRQZHUH
QRW VHQVLWLYH WR WKH VRLO WHPSHUDWXUH IRU %%00
)RURWKHUIRXUFURSW\SHVWKHWRSVRLOKDGWKHKLJKHU
VRLOWHPSHUDWXUHWKDQRWKHUWZRGHHSHUOD\HUDQGWKH
RWKHUWZRGHHSHUOD\HUVZHUHQRWDVVHQVLWLYHDVWKH
WRSOD\HU7KHVHPLJKWEHDVVRFLDWHGZLWKWKHGLIIHUHQWHIIHFWRIVRLOWHPSHUDWXUHLQWKHJURZLQJVHDVRQ
RQ5VDQG4YDOXHV*HQHUDOO\KLJKWHPSHUDWXUHV
FRXOG VWUHQJWKHQ PLFURELDO DQG FURS URRW DFWLYLWLHV
DQG IXUWKHU LQFUHDVH VRLO ELRORJLFDO UHVSLUDWLRQ
>@,QRXUVWXG\WKHVRLOWHPSHUDWXUHGHFUHDVHG
ZLWKWKHGHSWKDQG5VYDULHGZLWKWKHWHPSHUDWXUHLQ
WKH JURZLQJ VHDVRQ )LJ  /RZLQJ WHPSHUDWXUHV
FRXOGZHDNHQWKHVRLOPLFURELDODFWLYLW\>@PLFURELDOVSHFLHVULFKQHVV>@DQGFURSJURZWK>@7KH
LQFUHDVHLQVRLOUHVSLUDWLRQZLWKLQFUHDVLQJWHPSHUDWXUHV ZDV ODUJH EHFDXVH RI WKH VHQVLWLYLW\ RI VRLO
UHVSLUDWLRQWRWHPSHUDWXUH>@+RZHYHUWKHLQFUHDVHLQVRLOUHVSLUDWLRQZLWKLQFUHDVLQJWHPSHUDWXUH
ZDVVPDOOLQWKHKLJKJURZLQJVHDVRQWHPSHUDWXUHV
PLJKWEHUHODWHGWRWKHWHPSHUDWXUHDFFOLPDWLRQ>@
7KH DYHUDJH VRLO WHPSHUDWXUHV RI %%00
&&5500000055DQG&&00GXULQJWKH
JURZLQJVHDVRQZHUHΥ IURPΥWRΥ Υ
IURPΥWRΥ Υ IURPΥWRΥ 
Υ IURPΥWRΥ DQGΥ IURPΥ
WR Υ  UHVSHFWLYHO\ ,W VKRZHG WKDW WKH VRLO
WHPSHUDWXUHV RI DOO FURS W\SHV GXULQJ WKH JURZLQJ
VHDVRQ ZHUH ZLWK LQ WKH UDQJH RI Υ 0DQ\
VWXGLHVKDGGHPRQVWUDWHGWKH4YDOXHWHQGHGWREH
KLJKHU DW ORZHU WHPSHUDWXUH Υ  >@ DQG LW ZDV
ORZHU DW KLJKHU WHPSHUDWXUHV !Υ  >@ 6RLO
UHVSLUDWLRQJUDGXDOO\DFFOLPDWHGWRWKHULVLQJWHPSH
UDWXUHZLWKLQWKHUDQJHRIΥDQGUHVXOWHGLQWKH
4 YDOXHV RI DSSUR[LPDWHO\  7KLV UHVXOW ZDV
EDVLFDOO\FRLQFLGHQWLQWKHFRQFOXVLRQRI-LDQJHWDO
>@WKDWWKH4YDOXHZDVDSSUR[LPDWHO\ZLWKLQ
WKHUDQJHRIΥ0HDQZKLOHWKHDGDSWDELOLW\RI
VRLO UHVSLUDWLRQ WR WHPSHUDWXUH ZDV UHODWHG WR WKH
PLFURELDOVSHFLHVULFKQHVV>@7KHVSHFLHVULFKQHVV
DWΥ ZDV VLJQLILFDQWO\OHVV WKDQWKDWDWΥEXW
RQO\RQHPRUHVSHFLHVW\SHZDVDGGHGIURPΥWR
Υ>@)RUWKLVUHDVRQWKH4YDOXHVLQWKLVUH
VHDUFK JUDGXDOO\ EHFDPH VWDEOH ZKHQ WKH WHPSH
UDWXUHZDVDERYHΥIRUDOOFURSW\SHV7KHVLPLODU
UHVXOWV WKDW WKH 4 YDOXHV YDULHG ZKHQ WKH
WHPSHUDWXUHZDVDERYHΥZHUHDOVRUHSRUWHGE\
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.LUVFKEDXP>@DQG-LDQJHWDO>@7KHVWLPXODWLQJ
HIIHFWV RI LQFUHDVLQJ WHPSHUDWXUHV RQ 5V PD\ EH
ORZHUWKHFXUUHQWSUHGLFWHGUHVXOWRQWKHDFFRXQWRI
VRLOUHVSLUDWLRQDFFOLPDWLRQWRWHPSHUDWXUH>@
7KHUH ZDV D VWURQJ TXDGUDWLF UHODWLRQVKLS EHWZHHQ WKH 4 YDOXH DQG VRLO PRLVWXUH IRU IRUHVW
HFRV\VWHPV LQ PDQ\ SUHYLRXV VWXGLHV > @ EXW
OLWWHULQIRUPDWLRQLVIRFXVLQJRQFURSODQGV2XUUHVXOWVGHPRQVWUDWHGWKHUHZDVDVLJQLILFDQWTXDGUDWLF
FRUUHODWLRQEHWZHHQWKH4 YDOXHDQGVRLOPRLVWXUH
IRU&&55%%00DQG0055 3 EXW
WKH UHODWLRQVKLSV ZHUH QRW REYLRXVO\ IRU &&00
DQG0000 3! 7KHDYHUDJHVRLOPRLVWXUH
YDOXHVRI&&00DQG0000FURSZHUH
DQGZKLFKZHUHORZHUWKDQRWKHUFURSW\SHV
5HJDUGOHVVRIWKHWHPSHUDWXUHORZHUPRLVWXUHFRXOG
LQKLELW PLFURELDO DFWLYLW\ >@ DQG URRW UHVSLUDWLRQ
>@ ZKLFK IXUWKHU GHFUHDVHG WKH WHPSHUDWXUH
VHQVLWLYLW\ RI VRLO UHVSLUDWLRQ 7KH LQFUHDVLQJ VRLO
PRLVWXUHQRWRQO\UHOLHYHGWKHGHVLFFDWLRQVWUHVVEXW
DOVRFDXVHGWKH4YDOXHVWRLQFUHDVH>@7KXVWKH
4 YDOXH RI SDGG\ ILHOG FURS VRLO ZDV KLJKHU WKDQ
WKHGU\ODQGFURSVLQWKLVVWXG\3UHYLRXVVWXGLHVKDG
VKRZQ WKDW ZKHQ WKH VRLO PRLVWXUH ZDV H[FHHG WKH
WKUHVKROGYDOXHLWPLJKWUHVWUDLQPLFURELDODFWLYLW\
DQGWKHGHFOLQHRI4YDOXHV>@,QRXUVWXG\WKH
WKUHVKROGYDOXH RIVRLO PRLVWXUH ZDV ZKLFK
ZDV KLJKHU WKDQ WKH YDOXH   LQ WKH /RHVV
3ODWHDXRI&KLQD DQGWKH YDOXH   LQD FRSSLFH
2DN IRUHVW LQ FHQWUDO ,WDO\ ZLWK SUHYLRXV VWXGLHV
>@ 6XFK D SKHQRPHQRQ ZDV SUREDEO\ EHFDXVH
RWKHUXQNQRZQYDULDEOHVPLJKWDOVRDIIHFW4YDOXH
LQ DGGLWLRQ WR WKH VRLO WHPSHUDWXUH DQG WKH VRLO
PRLVWXUHVXFKDVELRORJLFDODFWLYLW\RUJDQLFPDWWHU
FRQWHQWDQGWKHGHFRPSRVLWLRQUDWH>@
(IIHFWRIVRLOUHVSLUDWLRQRQSRWHQWLDOFOLPDWH
ZDUPLQJ GXULQJ DJULFXOWXUDO SUDFWLFH 7KH FURS
VRLOLQWKLV VWXG\LVFKDUDFWHUL]HGE\WKH KLJK62&
FRQFHQWUDWLRQDQGVXIIHUHGWKHFDUERQORVVDVDUHVXOW
RIWKHLQWHQVLYHDJULFXOWXUDOSUDFWLFH>@7KHVSDWLDOWHPSRUDOFKDQJHRI62&LVDFFRUGZLWKWKH5VLQ
WKH6DQMLDQJ3ODLQRIQRUWKHDVW&KLQDDQGWKH5VLV
UHJDUGHG DV WKH FULWLFDO FKDQQHO IRU 62& ORVV >@
7KHDYHUDJH5VJDSEHWZHHQWKHFURSODQGVRLOZLWK
QDWXUDO ODQG ZHWODQG IRUHVW ODQG HWF  VRLO LV
DSSUR[LPDWHO\ȝJ&22·kg-1·h-1 in this area,
which indicates that vegetation type change caused
by agricultural exploitation can accelerate CO2 emission. The total CO2 discharge is significant for the
potential climate warming due to the huge area of
agro-ecosystem [59]. With decreasing precipitation
and warming temperatures, a drying trend had been
observed in Sanjiang Plain over the past 50 years
[60]. And the more discharge of CO2 is expected
with the influence of temperature warming. It had
been shown that the 5V level will increase 3.6-ȝJ
CO2·kg-1·h-1 due to estimation of Q10 in the northern
China around 2100 [61]. In our study, the Q 10 value
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RUJDQLF PDWWHU GHFRPSRVLWLRQ LQ WKH$UUKHQLXV
HTXDWLRQVRPHWKHRUHWLFDOFRQVLGHUDWLRQV%LR
JHRFKHPLVWU\
[5] 6XVHHOD9&RQDQW57:DOOHQVWHLQ0'DQG
'XNHV -6   (IIHFWV RI VRLO PRLVWXUH RQ
WKH WHPSHUDWXUH VHQVLWLYLW\ RI KHWHURWURSKLF
UHVSLUDWLRQ YDU\ VHDVRQDOO\ LQ DQ ROGILHOG
FOLPDWH FKDQJH H[SHULPHQW *OREDO &KDQJH
%LRORJ\
[6] 'DYLGVRQ(%HON(DQG%RRQH5'  
6RLOZDWHUFRQWHQWDQGWHPSHUDWXUHDVLQGHSHQ
GHQW RU FRQIRXQGHG IDFWRUV FRQWUROOLQJ VRLO
UHVSLUDWLRQ LQ D WHPSHUDWH PL[HG KDUGZRRG
IRUHVW*OREDO&KDQJH%LRORJ\
[7] 5XVWDG/(+XQWLQJWRQ7*DQG%RRQH5'
 &RQWUROVRQVRLOUHVSLUDWLRQLPSOLFDWLRQV
IRUFOLPDWHFKDQJH%LRJHRFKHPLVWU\
[8] -LDQJ -6 *XR 6/ =KDQJ <- /LX 4)
:DQJ5:DQJ=4/L1DQG/L5-  
&KDQJHVLQWHPSHUDWXUHVHQVLWLYLW\RIVRLOUHVSL
UDWLRQLQWKHSKDVHVRIDWKUHH\HDUFURSURWDWLRQ
V\VWHP6RLO 7LOODJH5HVHDUFK
[9] 'HO*URVVR63DUWRQ:0RVLHU$+ROODQG
(3HQGDOO(6FKLPHO'DQG2MLPD'  
0RGHOLQJVRLO&2HPLVVLRQVIURPHFRV\VWHPV
%LRJHRFKHPLVWU\
[10] +RII -+   /HFWXUHV RQ 7KHRUHWLFDO DQG
SK\VLFDOFKHPLVWU\(GZDUG$UQROG
[11] 5DLFK-DQG6FKOHVLQJHU:  7KHJOREDO
FDUERQ GLR[LGH IOX[ LQ VRLO UHVSLUDWLRQ DQG LWV
UHODWLRQVKLS WR YHJHWDWLRQ DQG FOLPDWH 7HOOXV
6HULHV %&KHPLFDO DQG 3K\VLFDO 0HWHRURORJ\

[12] 0HOLOOR -0 6WHDXGOHU 3$ $EHU -'
1HZNLUN./X[+%RZOHV)3&DWULFDOD&
0DJLOO$$KUHQV7DQG0RUULVVHDX6  
6RLO ZDUPLQJ DQG FDUERQF\FOH IHHGEDFNV WR
WKHFOLPDWHV\VWHP6FLHQFH
[13] <DQJ < +XDQJ 0 /LX +6 DQG /LX +-
  7KH LQWHUUHODWLRQ EHWZHHQ WHPSHUDWXUH
VHQVLWLYLW\ DQG DGDSWDELOLW\ RI VRLO UHVSLUDWLRQ
-RXUQDORI1DWXUDO5HVRXUFH LQ
&KLQHVH 
[14] ;X0DQG4L<   6SDWLDODQGVHDVRQDO
YDULDWLRQVRI4GHWHUPLQHGE\VRLOUHVSLUDWLRQ
PHDVXUHPHQWVDWD6LHUUD1HYDGDIRUHVW*OREDO
%LRJHRFKHPLVWU\&\FOH
[15] -DQVVHQV ,$ DQG 3LOHJDDUG .   /DUJH
VHDVRQDOFKDQJHVLQ4RIVRLOUHVSLUDWLRQLQD
EHHFKIRUHVW*OREDO&KDQJH%LRORJ\
[16] &KHQ %< /LX 65 *H -3 DQG &KX -;
 $QQXDO DQG VHDVRQDO YDULDWLRQV RI 4
VRLO UHVSLUDWLRQ LQ WKH VXEDOSLQH IRUHVWV RI WKH
(DVWHUQ4LQJKDL7LEHW3ODWHDX&KLQD6RLO%LR
ORJ\ %LRFKHPLVWU\
[17] 3DQJ;<%DR:.=KX%DQG&KHQJ:;
  5HVSRQVHV RI VRLO UHVSLUDWLRQ DQG LWV
WHPSHUDWXUH VHQVLWLYLW\ WR WKLQQLQJ LQ D SLQH
SODQWDWLRQ$JULFXOWXUDODQG)RUHVW0HWHRURORJ\


of all crop types are much lower than the global average of 2.4. This distinction might be associated the
influence of the intensive agricultural practices.
Therefore, accurate Q10 values are required to estimate soil respiration in an agro-ecosystem, and the
crop growing season temperature must be considered.

CONCLUSIONS
2XUVWXG\DQDO\]HGWKHYDULDWLRQVRI5VDQG4
IRUGLIIHUHQWFURSW\SHVLQ6DQMLDQJ3ODLQQRUWKHDVW
RI&KLQD5VWHPSHUDWXUHDQGPRLVWXUHZHUHPHDVXUHGLQWKH JURZLQJVHDVRQWRH[SORUH WKHUHODWLRQVKLSVEHWZHHQ4DQGVRLOWHPSHUDWXUHDQGPRLVWXUH
2XUUHVXOWVVXJJHVWWKDW5VDWFPGHSWKRIILYH
FURSW\SHVZHUHVLJQLILFDQWO\ORZHUWKDQWKRVHDW
FP DQG FP GHSWKV $OWKRXJK WKH 5V RI
0055 ZDV VLJQLILFDQWO\ KLJKHU WKDQ WKDW RI
&&55 0000 &&00 DQG %%00
KLJKHU4YDOXHVZHUHREHUYHUGIRU%%00WKDQ
WKH &&5500000055DQG&&00
7KH FKDQJHV LQ 4 YDOXHV ZHUH VLJQLILFDQWO\ DQG
SRVLWLYHO\UHODWHGWRWKHJURZLQJVHDVRQWHPSHUDWXUH
RI WKH GLIIHUHQW FURS W\SHV 7KH 4 YDOXHV ZHUH
VLJQLILFDQWO\FRUUHODWHGZLWKWKHPHDQVRLOPRLVWXUH
GXULQJWKHFURSJURZLQJVHDVRQEDVHGRQDTXDGUDWLF
UHODWLRQVKLSIRU&&55%%00DQG0055
7KHUHIRUHWKHVRLOWHPSHUDWXUHDQGPRLVWXUHLQWKH
JURZLQJ VHDVRQ VKRXOG EH FRQVLGHUHG ZKHQ XVLQJ
4 YDOXHV WR HVWLPDWH VRLO UHVSLUDWLRQ LQ DJUR
HFRV\VWHPVHVSHFLDOO\IRUWKHVRLOWHPSHUDWXUH
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QGHG8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ:,
[28] 6X<+)HQJ4=KX*)6L-+DQG&KDQJ
=4   3URJUHVV LQ UHVHDUFK RQ VRLO
UHVSLUDWLRQ-RXUQDORI'HVHUW5HVHDUFK

[29] 0DLHU &$ DQG .UHVV /:   6RLO &2
HYROXWLRQ DQG URRW UHVSLUDWLRQ LQ  \HDUROG
OREOROO\ SLQH 3LQXV WDHGD  SODQWDWLRQV DV
DIIHFWHG E\ PRLVWXUH DQG QXWULHQW DYDLODELOLW\
&DQDGLDQ -RXUQDO RI )RUHVW 5HVHDUFK   
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[53] .LUVFKEDXP 08)   7KH WHPSHUDWXUH
GHSHQGHQFH RI VRLO RUJDQLF PDWWHU GHFRP
SRVLWLRQ DQG WKH HIIHFW RI JOREDO ZDUPLQJ RQ
VRLORUJDQLF&VWRUDJH6RLO%LRORJ\ %LRFKH
PLVWU\
[54] 'DYLGVRQ($DQG-DQVVHQV,$  7HP
SHUDWXUH VHQVLWLYLW\ RI VRLO FDUERQ GHFRPSRVL
WLRQ DQG IHHGEDFNV WR FOLPDWH FKDQJH 1DWXUH

[55] 6NRSS - -DZVRQ 0 DQG 'RUDQ -  
6WHDG\VWDWH DHURELF PLFURELDO DFWLYLW\ DV D
IXQFWLRQ RI VRLO ZDWHU FRQWHQW 6RLO 6FLHQFH
6RFLHW\RI$PHULFD-RXUQDO
[56] 5H\$3HJRUDUR(7HGHVFKL9'H3DUUL,
-DUYLV 3* DQG 9DOHQWLQL 5   $QQXDO
YDULDWLRQLQVRLOUHVSLUDWLRQDQGLWVFRPSRQHQWV
LQDFRSSLFHRDNIRUHVWLQ&HQWUDO,WDO\*OREDO
&KDQJH%LRORJ\
[57] &XULHO<XVWH--DQVVHQV/$&DUUDUD$DQG
&HXOHPDQV 5   $QQXDO 4 RI VRLO
UHVSLUDWLRQ UHIOHFWV SODQW SKRQRORJLFDO SDWWHUQV
DVZHOODVWHPSHUDWXUHVHQVLWLYLW\*OREDO&KDQ
JH%LRORJ\
[58] 2X\DQJ:6KDQ<6+DR)+DQG/LQ&<
  'LIIHUHQFHV LQ VRLO RUJDQLF FDUERQ
G\QDPLFV LQ SDGG\ ILHOGV DQG GU\ODQGV LQ
1RUWKHDVW &KLQD XVLQJ WKH &(1785< PRGHO
$JULFXOWXUH (FRV\VWHPV  (QYLURQPHQW 

[59] $KPDG6/L&)'DL*==KDQ0:DQJ
-33DQ6*DQG&DR&*  *UHHQKRXVH
JDV HPLVVLRQ IURP GLUHFW VHHGLQJ SDGG\ ILHOG
XQGHU GLIIHUHQW ULFH WLOODJH V\VWHPV LQ FHQWUDO
&KLQD6RLO 7LOODJH5HVHDUFK  
[60] /DL ;+ +DR )+ 2X\DQJ: =KDR ;&
DQG6KDQ<6  $QDO\VLVRQWKHHFRORJLFDO
VHFXULW\ RI IUHH]HWKDZ DJULFXOWXUDO DUHD
PHWKRGRORJ\DQGDFDVHVWXG\IRU6DQMLDQJ3ODLQ
)UHVHQ(QYLURQ%XOO  
[61] &KHQ/DQG)UDXHQIHOG2:  6XUIDFH
DLUWHPSHUDWXUHFKDQJHVRYHUWKHWZHQWLHWKDQG
WZHQW\ILUVWFHQWXULHVLQ&KLQDVLPXODWHGE\
&0,3 PRGHOV -RXUQDO RI &OLPDWH  


PRUKXPXV6RLO%LRORJ\ %LRFKHPLVWU\  

[41] &KHQ67=RX-:+X=+&KHQ+6DQG
/X<<  *OREDODQQXDOVRLOUHVSLUDWLRQLQ
UHODWLRQ WR FOLPDWH VRLO SURSHUWLHV DQG YHJHWD
WLRQFKDUDFWHULVWLFV6XPPDU\RIDYDLODEOHGDWD
$JULFXOWXUDO DQG )RUHVW 0HWHRURORJ\ 

[42] 5HWK 6 5HLFKVWHLQ 0 DQG )DOJH (  
7KH HIIHFW RI VRLO ZDWHU FRQWHQW VRLO WHPSH
UDWXUHVRLOS+YDOXHDQGWKHURRWPDVVRQVRLO
&2HIIOX[DPRGLILHGPRGHO3ODQW6RLO  

[43] 6RQJ0+-LDQJ-&DR*0DQG;X;/
  (IIHFWV RI WHPSHUDWXUH JOXFRVH DQG
LQRUJDQLF QLWURJHQ LQSXWV RQ FDUERQ PLQHUD
OL]DWLRQLQD7LEHWDQDOSLQHPHDGRZVRLO(XUR
SHDQ-RXUQDORI6RLO%LRORJ\  
[44] 3HQJ63LDR6:DQJ76XQ-DQG6KHQ=
  7HPSHUDWXUH VHQVLWLYLW\ RI VRLO UHVSL
UDWLRQ LQ GLIIHUHQW HFRV\VWHPV LQ &KLQD 6RLO
%LRORJ\ %LRFKHPLVWU\
[45] /OR\RU - DQG 7D\ORU -$   2Q WKH
WHPSHUDWXUHGHSHQGHQFH RI VRLO UHVSLUDWLRQ
)XQFWLRQDO(FRORJ\
[46] =KDQJ 4 /HL +0 DQG <DQJ ':  
6HDVRQDO YDULDWLRQV LQ VRLO UHVSLUDWLRQ KHWHUR
WURSKLF UHVSLUDWLRQ DQG DXWRWURSKLF UHVSLUDWLRQ
RI D ZKHDW DQG PDL]H URWDWLRQ FURSODQG LQ WKH
1RUWK &KLQD 3ODLQ $JULFXOWXUDO DQG )RUHVW
0HWHRURORJ\
[47] .X]\DNRY < DQG *DYULFKNRYD 2  
5(9,(:WLPHODJEHWZHHQSKRWRV\QWKHVLVDQG
FDUERQ GLR[LGH HIIOX[ IURP VRLO D UHYLHZ RI
PHFKDQLVPV DQG FRQWUROV *OREDO &KDQJH
%LRORJ\
[48] $QGUHZV -$ 0DWDPDOD 5 :HVWRYHU .0
DQG 6FKOHVLQJHU :+   7HPSHUDWXUH
HIIHFWVRQWKHGLYHUVLW\RIVRLOKHWHURWURSKVDQG
WKH GHOWD & RI VRLOUHVSLUHG &2 6RLO %LR
ORJ\ %LRFKHPLVWU\
[49] %DOVHU 7& DQG :L[RQ '/  
,QYHVWLJDWLQJELRORJLFDOFRQWURORYHUVRLOFDUERQ
WHPSHUDWXUHVHQVLWLYLW\*OREDO&KDQJH%LRORJ\

[50] %UDGIRUG 0$ 'DYLHV &$ )UH\ 6'
0DGGR[ 75 0HOLOOR -0 0RKDQ -(
5H\QROGV-)7UHVHGHU..DQG:DOOHQVWHLQ
0'  7KHUPDO DGDSWDWLRQ RI VRLO
PLFURELDO UHVSLUDWLRQ WR HOHYDWHG WHPSHUDWXUH
(FRORJ\/HWWHUV
[51] <DQ )   &URSV 3KRWRWKHUPR &KDUDF
WHULVWLFV &KLQHVH $JULFXOWXUDO 6FLHQFH DQG
7HFKQRORJ\3UHVV LQ&KLQHVH 
[52] =RJJ *3 =DN '5 5LQJHOEHUJ '%
0DF'RQDOG 1: 3UHJLW]HU .6 DQG :KLWH
'&  &RPSRVLWLRQDODQGIXQFWLRQDOVKLIWV
LQPLFURELDOFRPPXQLWLHVGXHWRVRLOZDUPLQJ
6RLO 6FLHQFH 6RFLHW\ RI $PHULFD -RXUQDO 
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MICROEXTRACTION IN PACKED SYRINGE COUPLED
WITH GC-MS FOR THE DETERMINATION OF PESTICIDES
IN ENVIRONMENTAL WATER SAMPLES
Agnesa Szarka, Svetlana Hrouzkova*, Ti mea Deszatova, Silvia Zichova
Institute of Analytical Chemistry, Faculty of Chemical and Food Technology, Slovak University of Technology in Bratislava,
Radlinského 9, SK-812 37 Bratislava, Slovak Republic

pesticides is at 0.1 μg/L by the EU, which fit the
recommended concentration according to WHO
[4]; and for total amount of pesticide residues, is set
at 0.5 μg/L, which requires a very sensitive method
for their determination in water samples [5].
However, many pesticides and their breakdown
products do not have standards or guidelines, and
current standards and guidelines do not yet account
for exposure to mixtures and seasonal pulses of
high concentrations.
Several methods have been adopted for the
quantification of pesticides in water samples during
the last years. Most of the methods had been based
on liquid chromatography coupled to mass
spectrometry
(LC-MS)
[6-8]
and
gas
chromatography coupled to mass spectrometry
(GC±MS) [9-15]. Efficient analytical methods are
required for the quantitative evaluation of harmful
chemicals and ensure the quality of drinking water.
As the concentrations of pesticides in water are
usually very low, the incorporation of a
concentration step into the analytical procedure is
necessary prior to gas chromatographic or liquid
chromatographic determinations [2]. The sensitivity
and selectivity of the method usually depend on the
sample preparation and cleanup methods used prior
to the analysis [16].
Environmental water matrices are complex
samples and the pesticides are occurred at trace
levels, therefore, sample preparation to isolate
(extract) and to preconcentrate the target analytes
from samples is required prior the instrumental
analysis [3]. Sampling and sample preparation
represent 80 % of the whole time of analysis [1].
This stage is a complicated process, and its
operations can be both a cause of analyte loss and a
source of additional contamination [17, 18]. Ideally
sample preparation should be as simple as possible,
because it not only reduces the time required, but
also decreases the possibility of introducing
contaminants [18]. In order to perform pesticide
residues determination a proper sample preparation
technique is required. The most commonly used
method for the extraction and isolation of pesticide
residues from water samples is solid phase
extraction (SPE) [12, 14, 19, 20]. There are some

ABSTRACT
Fast,
efficient
and
solvent-minimized
analytical method based on a microextraction in
packed syringe (MEPS) coupled with gas
chromatography- mass spectrometry (GC-MS) was
developed for the determination of selected
pesticides in environmental water samples. Many
factors, which affect the performance of MEPS,
such as the volume and composition of desorption
solvent, the sample volume applied without loss in
recoveries and the type of the sorbent were studied.
Recoveries were evaluated at five concentration
levels (0.05, 0.1, 1, 5 and 10 μg/L) and ranged
between 77 ± 119 %. Precision was expressed as
relative standard deviation (RSD), and it was
evaluated as intraday and interday precision, with
values always below 20 %. Limits of detection
(LODs) ranged from 0.4 to 15 ng/L, whereas limits
of quantification (LOQs) from 1.3 to 50 ng/L. The
applicability of the method was proved by analysis
of river water samples.

KEYWORDS:
GC-MS, MEPS, pesticides, environmental water.

INTRODUCTION
Pesticides have become an indispensable part
of modern agriculture [1]. The important role that
pesticides play in food protection has led to their
massive global use in agriculture and consequent
detection in the environment [2]. Only 0.1% of the
applied pesticides reach the targeted pests, while
the remaining part could contaminate the other
compartments of the environment, including
ground and surface waters [3]. The increasing
number of detected pesticide residues in the
environment indicates a fact that requires the
establishment of regulations to minimize their
impact [2]. Many of these compounds are
considered as carcinogenic or endocrine disrupting
chemicals and they commonly cause soil and water
pollution. The specified limit for individual
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materials for MEPS in environmental analysis. In
recent years, new nanocomposites started to be
used [32, 33]. Polydiphenylamine carbon nanotubes
represent an extraction medium for the isolation of
selected pesticides from aquatic environments.
Salami and Queiroz, 2013, applied MEPS with
C8 modified silica gel and strong cationic exchange
sorbent for the multiresidue analysis of
22 pesticides in honey. For the developed
procedure, the sorbent was reused more than
40 times with minimum loss of extraction
efficiency and the extraction time was only 4 min
[34]. Four pesticides - aldicarb, dimethoate,
propazine and terbutryn - in urine, soil and tap
water samples were extracted by MEPS employing
C18-modified silica [35].
The aim of this work has been the
simultaneous extraction of selected pesticides,
including endocrine disrupting chemicals (EDCs),
and a newly introduced pesticide (pyridalyl), from
environmental water samples in combination with
GC-MS separation and detection. The focus on the
optimization of the MEPS parameters, such as
sample volume, the type and volume of extraction
solvent, number of extraction cycles was given. To
the best of our knowledge, such a combination of
extraction technique with GC-MS was not applied
for determination of these types of pesticides.

drawbacks of this method. In SPE, quantities of
organic solvents are used. Because they are toxic,
they pose a threat to the environment. Therefore,
chemists are now making an effort to develop
environmentally friendly analytical methodologies
in consideration ZLWK WKH SULQFLSOHV RI ³JUHHn
FKHPLVWU\´[17, 18].
Microextraction techniques represent a
promising approach [21] and in fact, some of them
have been applied to the determination of pesticides
in water. The commonly applied microextraction
techniques are: liquid-liquid microextraction
(LLME) [22, 23], dispersive liquid-liquid
microextraction (DLLME) [24], single drop
microextraction (SDME) [25], solid phase
microextraction (SPME) [9, 13, 26] and stir bar
sorptive microextraction (SBSE) [11, 27]. It is true,
that these techniques have some disadvantages, the
major drawbacks are low recoveries (SPME),
expensive thermal desorption devices and long
extraction/desorption time (SBSE), the use of toxic
chlorinated organic solvent (DLLME).
Miniaturized version of SPE with small size
cartridges 10 x 2 mm containing 15 mg of sorbent
is the effective ecological way in minimizing the
solvent consumption maintaining the extraction
efficiency at the required level [28]. The further
miniaturization brought microextraction in packed
syringe (MEPS), introduced by Abdel-Rehim in
2004 [29] and it signifies a micro-version of SPE.
The above-mentioned drawbacks should be
diminished by the MEPS technique. In MEPS, the
packing is integrated directly into the syringe and
not in a separate column. Compared with SPE,
there is no need for a separate robot to apply the
sample into the solid phase [30]. Additionally,
another difference between MEPS and SPE is
devoted to the flow of sample and solvent passing
through the cartridge. In SPE, the solution flow is
in one direction (up to down), but in MEPS, it is in
two directions (up and down) [29], so the
optimization of washing and elution steps is
important [30]. The small amount of the sorbent (14 mg) enables the reducing of sample volume and
that of the organic solvent for elution of the
compounds. Moreover, if the cleaning conditions
are properly optimized, the same cartridge should
be reused more than 100 times; additionally,
analysis costs are lower [31]. When the sorbent bed
is exhausted, or another phase is required, the barrel
is easily exchanged by simply unscrewing the
locking nut and removing then replacing the barrel
[30]. The direct injection of the complete elution
volume into the liquid or gas chromatograph is also
allowed [21]. MEPS can be fully automated,
including the sample-processing, extraction and
injection steps, as an on-line sampling device using
the same syringe [30].
Reversed phases, C8- and C18- modified
silica phases are the most frequently used sorbent

EXPERIMENTAL
Chemicals and reagents. Pesticide standards
with purity higher than 95 % were purchased from
different sources (Dr. Ehrenstorfer, Augsburg,
Germany;
Bayer,
Leverkusen,
Germany;
Cheminova, Harboore, Denmark; Agrovita, Ivanka
pri Dunaji, Slovak Republic). Pesticide residue
grade solvents ± toluene, acetonitrile, ethyl acetate,
dichloromethane and hexane (Merck KGaA,
Darmstadt, Germany) were used. Water for residual
analysis was obtained from Sigma-Aldrich, GmbH
(Steinheim, Germany). Stock standard solution of
pesticides, at concentration 1 mg/mL, was prepared
by weighing the pesticides and dissolving with
10 mL of toluene (Merck KGaA, Darmstadt,
Germany). A working standard solution
(0.020 mg/mL) was prepared in toluene by dilution
and stored at 4°C. Additional dilutions needed for
preparation of calibration standards were performed
in ethyl acetate (Merck KGaA, Darmstadt,
Germany).
Instrument and Apparatus. Balances with
an analytical precision MC1 (Sartorius, Göttingen,
Germany) were used for standards weighing.
Microextraction was realized by using a
commercially available MEPS syringe (SGE,
Melbourne, Australia), consisting of a 100 μL
gastight syringe body with a small barrel integrated
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ionization source and the quadrupole were set at
280, and 150 °C, respectively. The analysis was
performed with a filament-multiplier delay of 3 min
in order to prevent mass analyzer damage. Mass
range in the full scan experiments was set in the
range of m/z 50±550.

into the needle. 1 mg of C8 and C18 modified silica
gel sorbents, which are placed into the needle
barrel, were regarded in this study.
The study was carried out on an Agilent
6890N GC system (Agilent Technologies, Little
Falls, DE, USA) with a programmable temperature
vaporization (PTV) injector and equipped with an
autosampler from the same company, operated in
the solvent vent mode. The GC separation was
performed by a narrow-bore capillary column CPSil 8 CB (Agilent Technologies, Little Falls, DE,
USA) with 5 % diphenyl 95 % dimethylsiloxane
stationary phase, 15 m x 0.15 mm I.D. x 0.15 μm
film thickness. Untreated retention gap (1 m x 0.32
mm) from Supelco (Bellefonte, Pennsylvania,
USA) was used as a pre-column. Helium was used
as the carrier gas in the mode of constant flow rate
at 1.2 mL/min.
MS detection was carried out by an Agilent
5975 mass-selective detector (Agilent Technologies
Little Falls, DE, USA) operating in electron
ionization mode (EI, 70 eV).

Validation process. Spiked matrix solutions
were used for the study of linearity at eight
concentration levels (0.01, 0.025, 0.05, 0.1, 0.5, 1,
5, 10 μg/L). Calibration solutions were prepared
from 975 μL of water sample spiked with 25 μL of
working
standard
solutions
at
required
concentration followed by MEPS. Each extract was
analyzed in triplicate. Linear least square regression
analysis was applied using peak area as an
analytical signal.
For evaluation of the accuracy, samples were
spiked at five concentrations (0.05, 0.1, 1, 5 and 10
μg/L), and five replicates were performed for each
level. Water samples were fortified with pesticides
and left to stand 30 min before the extraction. Peak
areas of analytes obtained after MEPS were
compared with relative peak areas of standard
solutions in solvent.
Precision was expressed as relative standard
deviation (RSD) and was studied as intra-day and
inter-day precision. For intra-day precision, spiked
samples at 0.05, 0.1, 1, 5 and 10 μg/L were
analyzed (five replicates). Inter-day precision was
studied by processing spiked samples in four
different days.
Finally, limits of detection (LODs) and
quantification (LOQs) were calculated. LOD
expresses the lowest concentration from which it is
possible to determine an analyte, and LOQ is the
smallest amount required to quantify the analyte
with a reasonable degree of statistical certainty.
LODs and LOQs were calculated as the
concentration corresponding to level of signal-tonoise ratio of 3:1 and 10:1, respectively, at the
appropriate lowest calibration level (LCL).

MEPS extraction. Prior to extraction, the C18
modified silica gel sorbent was consecutively
conditioned with 50 μL of methanol and 50 μL of
ultra pure water adjusted at pH 8. Spiked water
sample (at the volume 80 μL, adjusted at pH 8) was
extracted by aspiring and discarding in 4 cycles.
After that the sorbent bed was dried partially by
pumping 5 x 100 μL of air. Elution was carried out
by 3 portions of 7 μL of ethyl acetate, pumped up
through the sorbent and down into a vial with
insert. After each extraction process, the sorbent
was washed by 1 mL of ethyl acetate, checked to
avoid the carryover. The whole extraction process
required about 10 minutes, including sampling,
enrichment, elution and washing. The MEPS
syringe should be used over 100 times for water
samples at optimal parameters.
GC-MS analysis. Seven microliters of the
final extract were manually injected into the
chromatographic system. The PTV injector
temperature program started at 40°C, this
temperature was held for 0.20 min, and then it was
increased until 300°C (at a rate of 400°C/min) and
hold for 2 min, and at the end until 350°C with the
same rate (hold for 5 min). The starting temperature
of the oven was set at 60°C and hold for 1.75 min,
after that the temperature was increased until 150°C
at a 60°C/min rate, and then until 300°C (hold
3 min) at a rate of 30°C/min. In order to reach the
initial injector temperature as fast as possible, for
the next injection a cryogenic CO2 cooling was set
on when the injector temperature was at 250°C. The
overall run time was 11.25 min.
The quadrupole mass spectrometer was
operated in the full scan (FS) and selected-ion
monitoring (SIM) modes. The temperatures of the

RESULTS AND DISCUSSION
Seven pesticides (hexachlorbenzene, chlor
pyrifos, cyprodinil, penconazole, pyriproxyfen,
boscalid and pyridalyl) were investigated in this
study. At first, the working solution of standards at
concentration 1 ng/μL was analyzed in FS mode,
and then, they were classified into SIM groups
according to places on chromatogram with higher
resolution enabling to make a change in ions
record. The studied analytes and their target and
qualifier ions used for SIM measurements are
shown in Table 1. The retention times of studied
analytes were in the range of 5.56±9.29 min.
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with different polarity and functionality were
tested, namely acetonitrile, ethyl acetate,
dichloromethane, toluene and toluene:hexane (1:1).
The mixture of toluene:hexane was not able to elute
the compounds quantitatively, the recoveries of
some pesticides were lower than 30%. The obtained
results indicate, that ethyl acetate is the most
appropriate extraction solvent (See Figure 1).
Satisfactory recoveries were acquired in the range
of 70- 106 %, except of pyridalyl with recovery 63
%. Acetonitrile, toluene and dichloromethane
showed recoveries in the range of 35-86 %. On the
basis of these data, ethyl acetate was finally chosen
as an elution solvent for overall analyses.
The essential for the sample pretreatment step
is the selection of an optimum volume of elution
solvent. In order to evaluate the effect of extractive
solvent volume on the extraction efficiency, the
experiments with 10 x 7 μL of solvent were
performed and the individual fractions were
injected separately into the GC system. The
corresponding peak areas were added. After the
third fraction, 90 - 98 % of the amount of desorbed
analytes was recovered from the sorbent. Therefore,
the combination of 3 x 7 μL of ethyl acetate was
selected for the elution in the subsequent
experiments.

Evaluation of the MEPS method. Sample
preparation was carried out following a MEPS
procedure since it provided adequate extraction and
validation parameters in terms of recovery for all
compounds. The investigated factors relevant to
enhance the recovery are the following: sample
loading amount, type and volume of the extraction
solvent and pH value of the sample.
TABLE 1
List of analytes, retention times, monitored ions
and SIM group start times.

7.50
8.80

Note: the target ions are in bold.
The recoveries of pesticides were evaluated.
The peak areas of pure standard directly injected to
GC-MS and peak areas of analytes obtained by
analysis of spiked samples, subsequently extracted
by MEPS and injected to the GC-MS, were
compared. For optimization of the extraction
procedure, a spiked water sample was used at
concentration of 5 μg/L.
The efficiency of MEPS cartridge can be
evaluated in terms such as the sorption capacity.
The sorption capacity of the sorbent represents the
quantity of analyte that could be isolated from the
sample by the used amount of sorption material. In
order to study the capacity of the sorbent, the
recoveries of each pesticides from water spiked at
different concentration levels were evaluated. The
amount of the sorbent in MEPS format is very
small in comparison to SPE (1 ± 4 mg vs. 50 ± 500
mg); therefore, the amount of sorbed analytes on
the sorbent could be critical. The tested amounts of
pesticides ranged between 0.1 ± 10 ng/pesticide and
the recoveries were compared. For higher amounts
of analytes than 3 ng, the recoveries of analytes
started to decrease. It could be assumed that the
breakthrough of analytes had occurred. The
capacity of the sorbent was considered in the
optimization of the MEPS parameters.
Two different modified silica gel sorbents
were tested in this study: C8 and C18. They were
compared in terms of extraction efficiency which
was expressed as the recovery. With the C18 BIN,
extraction efficiency values range mostly from 70
to 120 %, whereas with C8 BIN the recoveries were
lower. Further experiments and application to real
samples were carried out with C18 sorbent.
The elution solvent should be the one that
could displace the target analytes in the lowest
volume from the sorbent. Five organic solvents

120
100

Ethyl acetate
Acetonitrile

80
R%

Dichlormethane

60

Toluene
Hexane:toluene

40
20

He
x

lyl

lid

id
a
Py
r

ca
Bo
s

fe

n

le

ox
y
ip
r
Py
r

ac

hl
or
be

nz

en
e

0
l

164
344

na
zo

146
342

co

7.

204
140

Pe
n

9.237
9.289

248
136

214
199
210
224
186

s

Pyridalyl
Boscalid

5.
6.

249
314
225
159
226

284
197
224

SIM
group
start time
3.00
6.40

ro
di
ny

Hexachlorbenzene
Chlorpyrifos
Cyprodinil
Penconazole
Pyriproxyfen

Monitored ions
[m/z]

ifo

1.
2.
3.
4.

Reten
tion
time
5.562
6.488
6.740
6.780
8.345

py
r

Analytes

Cy
p

No.

Fresenius Environmental Bulletin

Ch
lo
r

© by PSP

pesticides

FIGURE 1
Dependence of analyte recoveries on the type of
extraction solvent (extraction sorbent C18).
In MEPS, the volume of the sample and the
number of extraction cycles has significant
influence on the extraction efficiency of the
method. The used sample volume should be
optimized in order to obtain the best equilibrium
between good analytical performance and
extraction methodology [36]. The effect of the
sample volume on the extraction recovery of
pesticides is illustrated in Figure 2.
Various volumes of sample were used for
extraction (4 x 20 μL, 4 x 40 μL, 4 x 60 μL and 4 x
80 μL). The recoveries of analytes increased with
the higher volume of sample up to 4 x 60 μL, after
which the recoveries of hexachlorbenzene and
pyridalyl started to decrease, and for cyprodinil
were higher than 120 %. Sample volume of 60 μL
was the selected as an optimum for the next
experiments.
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FIGURE 2
Dependence of analyte recoveries on the volume of the sample.
TABLE 2
Validation results of the developed method.
Recoveries %

Intraday/Interday precision %

Analytes

0.05
μg/L

0.1
μg/L

1
μg/L

5
μg/L

10
μg/L

0.05
μg/L

0.1
μg/L

1
μg/L

5
μg/L

10
μg/L

Hexachlorbenzene
Chlorpyrifos
Cyprodinyl
Penconazole
Pyriproxyfen
Boscalid
Pyridalyl

105
119
97
111
113
95
107

82
108
108
94
86
97
80

77
96
114
84
87
94
83

81
90
100
97
87
102
83

84
86
93
90
86
91
85

13/ 19
7/10
9/15
13/14
5/8
8/11
10/17

11/17
7/10
4/9
9/14
6/12
7/10
9/13

6/8
8/14
9/12
13/18
12/14
10/15
10/19

10/12
6/10
2/4
3/5
7/11
3/6
8/9

1/3
2/4
2/5
4/8
3/6
3/5
3/7

LOD
ng/L

LOQ
ng/L

3.1
15
4
15
11
15
4.1

10
50
13
50
36
50
13.8

changing the pH, where acidic and basic
compounds are less soluble at low and high pH,
respectively [38]. The influence of pH on the
extraction efficiency of selected pesticides from
water samples was evaluated in pH range 2 - 10.
Pure water spiked with pesticides at concentration
of 5 μg/L was analyzed at different pH value, pH 2,
pH 4 and pH 6 (adjusted with 0.1 M HCl), pH 8
and pH 10 (adjusted with 0.1 M NaOH). The
optimal recoveries were obtained for the aqueous
sample adjusted at pH 8.

Consequently, the proper number of extraction
cycles was searched. The sample could be extracted
with several number of extraction cycles if the
preconcentration of analytes is required. The
number of repeated sample passing through the
syringe needle up and down is another important
parameter for optimization of the extraction
process. There are two commonly utilized forms of
sampling: one is similar to a conventional SPE, the
sample may be pumped up only once and then
discarded into waste, in the case of the second one
the sample may be pumped up and down repeatedly
from the same vessel in the multiple so called draweject mode [37]. To reach high recoveries with the
second mode, it usually requires a high number of
draw-eject cycles, as the amount of the analytes in
the sampling vessel decreases after each pumping
cycle. The high mechanical stress of the syringe
plunger, results in a short life time of the MEPS
syringes [37]. Due to these drawbacks, the
extraction has been carried out by drawing the
sample and discarding it into the waste. The water
samples were extracted in 1 up to 10 cycles. The
optimal recoveries were obtained for 4 and
5 cycles, and 4 x 60 μL sample volume was
selected, to ensure that the lowest volume with
satisfactory recoveries is used.
The pH of the sample has a great impact to the
retention behaviour and thus extraction efficiency
of analytes. The solubility could be minimized by

Method validation. Precision, linearity,
trueness (expressed as recovery), LODs and LOQs
were the studied validation parameters. Precision
was evaluated as intra-day and inter-day precision
and formulated as RSD.
The linearity was studied for spiked water
samples at 8 concentration levels ranging from
0.01 to 10 μg/L. The calibration curves were
described by the linear regression equation:

y

ax  b

where y is the peak area, x is the
concentration, a is the slope and b is the intercept.
Satisfactory values of the coefficient of
determination (R2) were obtained, higher than 0.97
for all of the pesticides.
LODs were evaluated using a signal to noise
(S/N) ratio of 3:1 and LOQs using S/N of 10:1.
LODs of the proposed method ranged from 0.4 to
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15 ng/L and LOQs were in the range of 1.3-50
ng/L, data are summarized in Table 2. The obtained
LODs were below the limits set by the European
Directive 98/83/EC [5]. The amount of pesticides in
water for human consumption is determined at 0.1
μg/L for individual pesticides and at 0.5 μg/L for
the total amount of pesticides.
Trueness was evaluated in terms of recovery
at five concentration levels, showing the results in
Table 2. Recoveries for all of the pesticides were in
the range of 95- 119 % at concentration level
0.05 μg/L. Recoveries for the pesticides ranged
from 82 to 108 % at level 0.1 μg/L. At 1 μg/L,
recoveries always ranged from 77 to 114 %, at
5 μg/L between 81 and 102 % and at concentration
level 10 μg/L ranged of 84-99 %. RSD values were
always lower than 20 %, fulfilling the established
requirements for pesticide residue analysis.
Precision was studied in terms of intra-day
and inter-day precision. The obtained values were
expressed as RSDs (see Table 2). Intra-day
precision values ranged between 1 and 13% and the
inter-day precision was in the range of 4-19%.
For illustration of the separation a gas
chromatogram at the concentration corresponding
to 5 ȝJL in water sample under the conditions
described in the Experimental section is shown in
Figure 3.
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CONCLUSIONS
This research was devoted to the
determination of pesticides with variety of expected
affects, e. g. endocrine disrupting chemicals and
newly introduced pesticides in water samples. The
developed method is fast and efficient for
quantification of pesticide residues in water
samples. The MEPS for sample preparation
followed by fast GC-MS could be established as a
methodology for selected analytes screening and
for low-level pesticide quantification. Relevant
parameters for the extraction were searched and the
satisfactory experimental parameters were selected.
The developed methodology requires a very low
sample volume and also low consumption of
organic solvent is needed. MEPS reduces solvent
waste significantly thus showing environmentally
friendly features. The developed method was fully
validated, providing satisfactory linearity, recovery
and precision. The applicability of the proposed
method was demonstrated in analysis of real river
samples collected in Slovakia.
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morphology, those species have been described as
extreme suction feeders and with a vacuum effect,
these fishes use their pipette-like snout in capturing
preys [10]. Little information is available on the
feeding behaviour and diet composition of broadnosed pipefish in the Mediterranean Sea [2, 8, 11].
Last studies showed that pipefish consumes crustacean species such as Amphipoda, Isopoda, Copepoda as well as unidentified tissue items [1, 2, 6, 11,
12, 13]. Prey size, prey groups and gape±limited
mouths are the most important factors for the
syngnathid VSHFLHV¶feeding ecology [14].
This study aims to provide information about
the nutritional sex and seasonal differences between
the diet compositions of broad-nosed pipefish,
Syngnathus typhle.

ABSTRACT
In this study, the prey composition of broadnosed pipefish (Syngnathus typhle) that has distributed in the Aegean Sea coasts was seasonally determined between the years of 2007 and 2008. The seasonal differences were determined in gut contents. In
Spring, unidentified and vegetative tissues were the
PRVW LPSRUWDQW SUH\ JURXS LQ WHQ SUH\ JURXSV Ȥð
10.0 p < 0.05). The chi-square test indicated that
there was no significantly difference between the gut
contents of female and male individuals (p > 0.05).
Consequently, the variability of diet of samples was
occurred by small sized preys and also larger preys
in vegetation fields from the Aegean Sea coasts.

KEYWORDS:
Broad-nosed pipefish; Syngnathus typhle; gut content;
prey composition

MATERIALS AND METHODS
Sampling and Laboratory Studies. The
individuals used in this study were caught in the Aegean Sea coasts of Turkey between 2007 ± 2008 (Fig
1). A total of 120 adult specimens (58 females and
62 males) were captured with the beach-seine on the
relatively vegetated bottoms at the depths less than 2
meters. In order to prevent to digestion, all samples
were preserved in 10 % formalin solution after
capturing. Total length (TL, mm) and weight (W, g)
of all samples were measured to the nearest 0.01 g in
the laboratory. Genders of mature samples were
taken into consideration and the fishes were dissected. Sex was determined by the presence or absence of the brood pouch [15]. Since the members of
the family Syngnathidae have relatively undifferentiated tube-like digestive tracts [5, 6, 16], the whole
digestive tract, from the oesophagus to the anus was
studied. The digestive tract was preserved in 70%
ethanol solution for analysis. The stomachs of
captured specimens were determined as full or
empty and pipefish with completely empty tracts
were excluded from further analysis. The stomach
contents were examined in petri dishes with binocular stereo microscope. The prey items were identified
to the lowest possible taxonomic level as possible.

INTRODUCTION
Shallow coastal waters and estuaries are rich
areas in vegetation and fish communities. Pipefish of
the family Syngnathidae are among the most typical
groups of these fish communities because of their
tolerance to high temperature and salinity [1, 2, 3].
Such habitats are used by other juvenile and subadult fish species as well as pipefish for growth,
feeding and protection from predators [4]. By showing a specialized feeding strategy, pipefish species
with long tube jaws and little mouth structures that
are delimited according to the size of the prey feed
on these habitats [5, 6, 7, 8]. It is known that
Syngnathus genus consume small crustaceans and
very small young fishes [8, 9].
Pipefish species are common in seagrass beds,
where they can easily camouflage because their
elongate body effectively imitate the seagrasses [6,
7, 8]. They also have an elongate tubular snout and
small terminal mouth indicating that they may be
gape-limited relative to larger prey items [6, 7, 8].
Pipefish species are known to be epifaunal predators
with specialized ambush techniques or sit and wait
approach [1]. Because of their modified cranial
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[19]. S. typhle are slow moving benthic predators
capturing their prey both from the water column and
the vegetation ground. In this study, of 120 stomachs
examined, 79.2 % contained preys and 20.8% were
completely empty. The percentage of empty
stomachs in this study was similar with that given for
S. typhle from Ria Formosa, South Portugal [8]. It
was pointed out that seasonal changes in prey size
and availability may play important role in diet
composition [2]. Our results showed that seasonal
changes may be correlated with environmental
factors such as biotic and abiotic conditions, VSHFLHV¶
breeding period and prey abundance in all year.
According to the number of occurrence (F %:
74.74) and importance of relative index values (IRI
%: 45.73), vegetative and unidentified tissue items
were the most important prey group in the gut content of S. typhle (Table 1). Other groups such as
Peneaus sp. (Decapoda) (F %: 21.05, IRI %: 20.53)
and fish larvae (F %: 14.74 IRI %: 19.65) have less
importance in gut contents. Our results have showed
minor differences when compared to previous study
[13]. In their study [13], unidentified tissues items,
small crustaceans such as Acartia clausii (Copepoda) and Euterpina acutifrons (Harpacticoida)
were the most important prey groups for adult fishes
in the Sinop coast of the Black Sea. Despite our findings are not sufficient to indicate remarkable differences in diet composition, they may state that S.
typhle feeds on different prey groups in the Aegean
Sea coasts.
The chi-square test indicated that there was not
a significant difference between the gut contents of
the female and male individuals (p > 0.05). The gut
contents point out that both sexes mainly feed on the
vegetative and unidentified pieces (I.R.I 45.75%).
Despite very little proportional differences (I.R.I
22.82 % Peneaus VS Ƃ ILVKODUYDH ƃ ,
it is determined that female and male individuals
tend to the common prey group (,5, Ƃ 
 ƃ YHJHWDWLYHWLVVXHSLHFHV . The observed
sand pieces in the gut contents may also attribute to
probable accidently ingestion. Similarly, it is
reported that no significant differences between diet
compositions of sexes [8].

FIGURE 1
The sampling area

Statistical analysis. For comparisons between
sexes and seasons, 10 prey groups were examined
into the seven main prey categories. Gut contents
were analysed for percentage composition by number (NO%) and frequency of occurrence (FO%) and
importance of relative index (IRI %) [15, 17]. Using
the prey number, seasonal similarities in the diet
compositions were examined by Bray-Curtis similarity index. Statistical differences (p < 0.05) in the
stomach contents were assessed by chi-square test
for sexes and seasons [18].

RESULTS AND DISCUSSION
Feeding ecology may vary among pipefish.
Members of the genera Syngnathus and Hippocampus feed on small crustaceans and very young fish

TABLE 1
Gut contents of all specimens from Aegean Sea. (Number of occurrence (NO%), Index Relative
Importance (IRI%).
Prey
Evadne spinifera
Veliger larvae
Euterpina acutifrons
Acartia clausi
Peneaus sp.
Vegetative tissue and unidentified pieces
Fish scale
Copepod egg
Fish larvae
Sand pieces

FO (%)
1.05
2.11
2.11
4.21
21.05
74.74
8.42
14.74
6.32

2674

NO (%)
1.73
7.61
1.38
38.37
13.49
9.34
5.88
32.18

IRI (%)
0.13
1.20
0.11
3.78
20.53
45.75
2.31
19.65
6.51
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FIGURE 2
IRI% of gut contents among the sexes of Syngnathus typhle

FIGURE 3
Seasonal variations of prey groups in NO % of gut contents.
VSHFLHV¶population structure can play an important
role in gut contents.

In terms of the IRI % values, fish scales and
fish larvae (Atherina sp. and Syngnathus sp.) were
the most important prey groups in the gut contents of
sexes (Fig 2). Those findings may suggest that the
juvenile Syngnathus fish can be in risk of predation
even by conspecific adults. The cannibalistic component might become important when conspecific
juveniles become available [22].
The gut contents displayed the seasonal
differences (p<0.05). In spring, unidentified and
vegetative tissues were the most important prey
group (IRI %: 80.54) among ten prey groups (Ȥ2,
10.0 p < 0.05). In summer, fish larvae (IRI %, 48.46)
were the most extensive ones consumed by the species among the five prey groups (Ȥ2, 10. 0 p < 0.05).
Similarly, Evadne spinifera and Veliger larvae in autumn and fish larvae, A. clausii and Peneaus sp. in
winter were determined as relatively important prey
(Fig 3). Our results were similar to the conclusions
given by various researchers [2, 8], who stated that
seasonal changes in size and types of prey and the

CONCLUSION
The purpose of this study is to provide
information about sexual and seasonal differences
between the diet compositions of Syngnathus typhle
in the Aegean Sea coast of Turkey. Broad-nosed
pipefish, S. typhle seems to be highly dependent to
vegetated areas for foraging. Unidentified pieces and
vegetative tissues constitute the most important prey
groups of the S. typhle sex in overall year. Apart
from these groups, the S. typhle individuals are disposed to consume the fish larvae and Penaeus sp.
Since S. typhle is a benthonic predator, they usually
feed on small sized preys, however they also consume larger preys in vegetated fields. In some of the
feeding ecology studies, it has been reported that
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of two species of pipefish (Syngnathidae) in The
York River, Virginia. Faculty of the School of
Marine Science, the College of William and
Mary, Virginia
[13] Gurkan, S., Uncumusaoglu and AydÕn A. (2012)
Food compositions of some Syngnathid species
(Syngnathus sp., Nerophis sp., Hippocampus
sp.) from coastal waters of Sinop peninsula
(Southern Black Sea). The Black Sea Journal of
Sciences, 2(7), 29-38.
[14] De Lussanet, M.H.E. and Muller, M. (2007) The
smaller your mouth, the longer your snout:
predicting the snout length of Syngnathus acus,
Centriscus scutatus and other pipette feeders.
Journal of The Royal Society Interface, 4(14),
561-573.
[15] Hyslop, E.J. (1980) Stomach content analysis. A
review of methods and their application. Journal
of Fish Biology, 17, 411-429.
[16] Teixeira, R.L. and Musick, J.A. (1995) Trophic
ecology of two congeneric pipefishes (Syngnathidae) of the lower York River, Virginia. Environmental Biology of Fish, 43, 295±309.
[17] Windell, J.T. and Bowen, H.S. (1978) Methods
for study of fish diets based on analysis of stomach contents. In: T. Bagenal (Ed.), Methods
for assessment of fish production in Fresh waters. 3rd edition IBP Handbook No:3.
[18] Sokal, R.R. and Rohlf, F.J. (1981) Biometry.
The Principles and Practice of Statistics in Biological Research, W.H. Freeman and Company,
859 pp. New York.
[19] Gurkan, S., Taskavak, E., Sever, T.M. and
Akalin, S. (2011) Gut Contents of Two
European Seahorses Hippocampus hippocampus and Hippocampus guttulatus in the Aegean
Sea, Coasts of Turkey. Pakistan Journal of
Zoology, 43(6), 1197-1201.
[20] Svensson, I. (1988) Reproductive coasts in two
sex-role reserved pipefish species (Syngnathidae). Journal of Animal Ecology, 57, 929942.
[21] Steff, A.S., Westoby, M. and Bell, J.D. (1989)
Habitat selection and diet in two species of

they also prefer to consume relatively larger preys
[2, 5, 7]. In contrast, the sexually mature S. typhle
specimens switch to the water column above vegetated habitat, where they are successful at capturing
fast swimming preys. In addition, the elongated
mouth, unique morphologic feature of the pipefishes, can influence in planktonic preys capturing
[10]. Thus, S. typhle with long and broad mouth
structure can also catch larger and fast moving preys
[8]. We, here, confirm the variability of diet of S.
typhle that feed on small sized preys and also larger
preys in vegetated fields from the Aegean Sea coasts
of Turkey.
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epidemiological studies [1].Because of its beneficial
effects, olive oil is considered a medicine, and a
source of wealth and power [2].Olive trees can thrive
in very different soils, even in those which are not
suitable for most agri-cultural crops. The yield and
fruit quality depends on various soil properties. This
is supported by the quality and quantity of oil that is
obtained from the same variety of olive trees which
are grown in different places [3].
Montenegro was once a significant
manufacturer and supplier of olive oil throughout the
former Yugoslavia [4]. The break-up of Yugoslavia,
economic sanctions and isolation have caused
stagnation in the olive oil production sector. The
trend in olive neglect continued until about ten years
ago. In recent years, oil production has become both
more profitable and more popular in Montenegro.
The aim of this study is to examine the influence of
the environment, and especially the influence of the
soil, on the quality of the olive oil produced. Soil
from five locations has been examined: Location 1.
is at the VHWWOHPHQWýHOXJDpart of the municipality
Bar; Location 2. is the settlement of Old Bar in the
municipality of Bar; Location 3. and Location 4 are
both found within the town of Ulcinj, while Location
5. is in the town of Petrovac. In addition, we also
examined the quality of the olive oil produced from
olives from these locations.

ABSTRACT
In this paper we examine the influence of the
environment on the quality of olive oil. Land from
olive groves in five locations in three towns along the
coastline of Montenegro and the olive oil produced
from these olive trees were investigated.
Soil testing included the following parameters:
pH, the contents of selected metals, polycyclic
aromatic hydrocarbons (PAH), PCB, phenolic
herbicides, triazines, carbamates, dithiocarbamates
and chlorophenoxy compounds. Analysis of the soil
in one location (Bar) showed the increased presence
of arsenic (As) chromium, (Cr) and nickel (Ni) with
regard to the maximum allowable concentration.
Similar results were obtained at the second location
(also in Bar) where an increased presence of chromium (Cr), nickel (Ni) and fluorine (F) was found.
The tested oil samples obtained from these
locations do not satisfy the quality standard
prescribed norms. To be specific, the oil testing
included the following parameters: the content of
free fatty acids calculated as oleic acid; water and
other
volatile
matter
content;
peroxide,
saponification and the iodine number; reaction to
rancidity; the refractive index (nD 40 °C), as well as
the contents of metals and pesticides. These results
demonstrate the need for the modernization of
traditional olive production in Montenegro, which
requires intensive national and EU funding and
expertize.

MATERIALS AND METHODS
For the experimental analysis of the quality of
the soil, samples were taken from five olive groves;
two each were situated in municipalities of Bar and
Ulcinj and one came from the town of Petrovac in
the municipality of Budva. The oil used for the
analysis was also obtained from these locations.
A dried, milled, sifted and well homogenized
sample of soil, previously weighed, was placed in a
Soxslet Extractor, with the addition of internal
standards. The extraction duration was 16 to 18
hours and was carried out with solvent mixture of
hexane and dichloromethane (at a ratio of 1:1). The
evaporated and purified sample was analyzed using
a gas chromatograph mass spectrometer GCMS

KEYWORDS:
olive, olive oil, PAH, modernization of oil production

INTRODUCTION
Mediterranean nations have used olive oil in
their diet since ancient times and it occupies a very
important place in nutrition as well as playing roles
in medicine, cosmetics and other areas. It is known
that people who eat olive oil suffer fewer incidences
of cardiovascular disease, stroke and malignant
diseases of the digestive system, as shown by
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2010 QP plus, Shimadzu. The limit of the
quantification methods for PAH was 0.005 mg / kg
and for PCB it was 0.002mg / kg.
For the determination of the organotin
compounds in the soil, the sample was prepared
using the standard method (The internal standard
were added, a solvent mixture of acetic acid:
methanol: water (at a ratio of 1: 1: 1), which was
sonicated for 30 minutes in an ultrasound bath and
then centrifuged.) and this was analyzed using a gas
chromatograph with a mass spectrometer GCMS
2010 QP plus, Shimadzu. The limit of the
quantification of the method was 0.004 mg / kg
For the determination of the fatty acid methyl
esters in the olive oil, the test oil was dissolved in
hexane with the addition of 2M KOH in methanol,
and heated in a water bath for 60 seconds at 60 °C.
After the addition of 1 N HCl, the sample was
analyzed on a gas chromatograph GC-17A
Shimadzu with an FID detector.
For the determination of the benzo (a) pyrene in
the olive oil a solid-phase extraction method was
used. The sample was prepared using the standard
method, and analyzed on a Gas chromatograph with
a mass spectrometer, GCMS 2010 QP plus,
Shimadzu. The limit of the quantification method
was 1 g μg / kg
For the determination of the pesticides present
in the olive oil, the sample was prepared using the
standard method (dissolution in hexane with the
addition of internal standards, purification and
fractionation)
and
was
then
analyzed.
Organochlorine pesticides were determined by using
a Shimadzu gas chromatograph GC 2010 plus with
an ECD detector, while the others were quantified on
a gas Chromatograph with a mass spectrometer,
GCMS 2010 QP plus, Shimadzu.
To determine the content of free fatty acid
(calculated as oleic acid) the sample was dissolved
in a mixture of solvents. Free fatty acids were
determined by titration with potassium hydroxide in
ethanol.
For determining the peroxide number, a test
was carried out in a mixture of glacial acetic acid and
chloroform with a solution of potassium iodide with
the titration of a free iod standardize solution of
Sodium thiosulphate.
To determine the metal content, after the
standard sample preparation, an Atomic absorption
spectrometer (AAS) Shimadzu AA6800 and an
Optical Emission Spectrometer with a coupled
plasma Thermo iCAP 6300 were used. To determine
the mercury content, a Leco Advanced mercury
analyzer - AMA 254 was used.

RESULTS AND DISCUSSION
One hundred years ago on the coast of
Montenegro, there were about 620,000 trees, while
there were 530,000 in 1965, 450,000 in 1980,
412,000 in 1995, and by 2005 only 407,000.
However, according to the census of 2012 [5 ],there
are about 490,000 trees in Montenegro, which means
that the neglect of olive trees has stopped and that in
the last ten years, the number of olive trees has risen
by over 80,000, mainly in the form of plantations.
In the old orchards, the most common olive
YDULHWLHV DUH äXWLFD   &UQLFD   &UDQN\
  /XPEDUGHãND   DQG âDUXOMD   DQG
DSDUW IURP äXWLFD QHZ YDULHWLHV LQFOXGH /HüLQR
Istarska Bjelica, Carolea, Coratina, Pendolino,
Roscioli, Frangivento, Manzano, Arbekina, Giarafa,
Picholine and others [6].
According to data released by the IOC, in the
2009/10 season, Montenegro produced 240 tonnes of
Ordinary Olive Oil (up to 3.3% Free Fatty Acids,
FFA ), 200 tonnes of Virgin Olive Oil (containing
2% FFA) and 60 tons of Extra Virgin Olive Oil (up
to 0.8% FFA). From these data we can see that only
11% of the produced oil belongs to the category of
Extra Virgin, which is a bit worrying [7].
Montenegrin olive production is characterized
by marked variations in annual returns. In the period
from 2003 to 2012, the total yield of olives was
extremely varied. In 2012, the Montenegrin olive
growers produced a record 2,888 tonnes of olives,
which is an 85% higher yield compared to the year
2011 [5]. The yield per tree in the same year was 6.6
kilograms, and most olive growers agree that 2012
represented a record year with respect to the last few
decades. However, the fact that the yield varies from
year to year indicates a lack of care being given to
the olive trees, and one of the reasons is the
inadequate, irregular and incomplete implementtation of agro-technical measures. One of the reasons
for the irregular yield and the planting of olive trees
is their great age, with the average age of the trees
being 200-300 years, meaning that such trees cannot
give satisfactory results without a serious replanting
and pruning effort.
Olive processing in Montenegro is not
sufficiently modernized in accordance with the
international standards of the production of olives
and olive oil, which affects the quality of the final
product. Despite the natural potential and tradition of
both olive production and oil, only half of oil
producers have continuous lines for cold pressing
oil, while the rest operate oil mills in the traditional
manner (using stone presses). More than 90% of the
produced olives are processed into oil. However, the
amount of oil produced is not constant and is
conditioned by the native olive trees which are
subject to variations from year to year.
The fruit of olives is processed into oil or
preserved for domestic use. Most of the yield is
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TABLE 1
5HVXOWVRIWKHDQDO\]HVRIVRLOIURP/RFDWLRQ WKHVHWWOHPHQWRIýHOXJD0XQLFLSDOLW\RI%DU 
and Location 2. (the settlement of Old Bar, Municipality of Bar)
N0
1
2
3
4
5
6
7
8
9
10
11
12
13
14

15

16

17

18

19

20
21

Location Protocol
Parameter
Unit of measure
Sampling depth
pH
Cadmium
mg/kg
Lead
mg/kg
Mercury
mg/kg
Arsenic
mg/kg
Chromium
mg/kg
Nickel
mg/kg
Fluorine
mg/kg
Copper
mg/kg
Zinc
mg/kg
Boron
mg/kg
Cobalt
mg/kg
Molybdenum
mg/kg
Polycyclic aromatic hydrocarbons (PAH):
Naphtalene
mg/kg
Acenaphtylene
mg/kg
Acenaphtene
mg/kg
Fluorene
mg/kg
Phenanthrene
mg/kg
Anthracene
mg/kg
Fluoranthene
mg/kg
Pyrene
mg/kg
Benzo(a)anthracene
mg/kg
Chrysene
mg/kg
Benzo(b)fluoranthene
mg/kg
Benzo(k)fluoranthene
mg/kg
Benzo(a)pyrene
mg/kg
Indeno(1,2,3-cd)pyrene
mg/kg
Dibenzo(a,h)anthracene
mg/kg
Benzo(g,h,i)perylene
mg/kg
Ȉ3$+V
mg/kg
mg/kg
PCB congeners:
PCB 18
mg/kg
PCB 28
mg/kg
PCB 32
mg/kg
PCB 44
mg/kg
PCB 52
mg/kg
PCB 101
mg/kg
PCB 118
mg/kg
PCB 138
mg/kg
PCB 149
mg/kg
PCB 153
mg/kg
PCB 180
mg/kg
PCB 194
mg/kg
Triazins
mg/kg
Atrazine
mg/kg
Simazine
mg/kg
Carbamates
mg/kg
Aldicarb
mg/kg
Aldicarb-sulfone
mg/kg
Aldicarb-sulfoxide
mg/kg
Carbofuran
mg/kg
Carbofuran-3-hydroxy
mg/kg
1-Naphtyl-Nmg/kg
methylcarbamate
Mercaptodimethur
mg/kg
Methomyl
mg/kg
Oxamyl
mg/kg
Propoxur
mg/kg
Dithiocarbamates
mg/kg
Mancozeb
mg/kg
Maneb
mg/kg
Metiram
mg/kg
Ziram
mg/kg
Zineb
mg/kg
Thiram
mg/kg
Ferbam
mg/kg
Chlorophenoxy
mg/kg
2.4-D
mg/kg
2.4-DB
mg/kg
2.4-DP
mg/kg
2.4.5-TP
mg/kg
2.4.5-T
mg/kg
Phenolic herbicides
mg/kg
DNOC
mg/kg
DINOSEB
mg/kg
Organotin compounds
mg/kg
Monobutyl-tin
mg/kg
Dibutyl-tin
mg/kg
Monophenol- tin
mg/kg
Tributyl-tin
mg/kg
Diphenyl-tin
mg/kg
Triphenyl-tin
mg/kg

Location 1.

Mark of methods
MAC

15cm
6.81±0.11
1.90±0.16
24.94±2.34
0.087±0.014
20.84±2.48
157.26
171.83±14.11
41.13
38.88±5.55
86.00±6.26
4.40
29.78±2.90
<0.80

15cm
6.87±0.11
1.90±0.20
21.97±2.06
0.110±0.018
13.28±1.58
88.20
116.08±9.53
321.71
37.53±5.34
83.53±6.08
1.05
20.72±2.02
<0.80

<0.005
<0.005
<0.005
<0.005
0.016±0.0024
<0.005
0.014±0.0021
0.01±0.0016
0.006±0.0008
0.007±0.0011
0.006±0.0009
0.006±0.0015
0.008±0.0010
0.007±0.0011
<0.005
<0.005
0.080±0.0139

0.007±0.0019
<0.005
0.006±0.0011
<0.005
0.022±0.0033
<0.005
0.031±0.0047
0.026±0.0041
0.018±0.0024
0.026±0.0040
0.027±0.0041
0.020±0.0049
0.023±0.0030
0.021±0.0033
0.005±0.0012
0.020±0.0038
0.252±0.0437

<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002

<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002
<0.002

< 0.005
< 0.005

< 0.005
< 0.005

2
50
1.5
20
50
50
300
100
300
5
50
10

SW846 Method 9045*
AOAC 990.08*
AOAC 990.08*
AMA-114*
AOAC 990.08*
AOAC 990.08
AOAC 990.08*
AF-ISM
AOAC 990.08*
AOAC 990.08*
EPA 3051A, EPA 6010C
AOAC 990.08*
EPA 3051A, EPA 6010-C

0.6

EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*

0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.01

EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
EPA 8270 C*
DIN ISO 11264
DIN ISO 11264

0.5
< 0.1
< 0.1
< 0.1
< 0.1
< 0.1

< 0.1
< 0.1
< 0.1
< 0.1
< 0.1

EPA 8318A
EPA 8318A
EPA 8318A
EPA 8318A
EPA 8318A

< 0.1

< 0.1

EPA 8318A

< 0.1
< 0.1
< 0.1
< 0.1

< 0.1
< 0.1
< 0.1
< 0.1

EPA 8318A
EPA 8318A
EPA 8318A
EPA 8318A

< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5

< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5
< 0.5

< 0.5
< 0.5
< 0.5
< 0.5
< 0.5

< 0.5
< 0.5
< 0.5
< 0.5
< 0.5

< 0.1
< 0.1

< 0.1
< 0.1

<0.004
<0.004
<0.004
<0.004
<0.004
<0.004

<0.004
<0.004
<0.004
<0.004
<0.004
<0.004

1.0
FPD
FPD
FPD
FPD
FPD
FPD
FPD
1.0
EPA Method 1658
EPA Method 1658
EPA Method 1658
EPA Method 1658
EPA Method 1658
0.3

0.005

*- accredited method
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EPA Method8151A
EPA Method8151A
ISO 23161
ISO 23161
ISO 23161
ISO 23161
ISO 23161
ISO 23161
ISO 23161
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TABLE 2
5HVXOWVRIDQDO\VHVRIROLYHRLOIURP/RFDWLRQ WKHVHWWOHPHQWRIýHOXJD0XQLFLSDOLW\RI%DU 
and Location 2. (the settlement of Old Bar, Municipality of Bar)
Organoleptic test
Name of parameter
The content of free fatty acids, calculated as
oleic acid
The content of water and other volatile
substances
Peroxide number
Index of refraction (nD 40o C)
Saponification value
Iodine value (Hanus Method)
Reaction to rancidity
Composition of fatty acids:
- C 14:0
- C 16:0
- C 16:1
- C 17:0
- C 17:1
- C 18:0
- C 18:1
- C 18:2
- C 18:3
- C 20:0
- C 20:1
- C 20:2
- C 22:0
- C 24:0
Content of metals:
- lead
- arsenic
Content of Benzo[a]pyrene
Content of pesticides:
- benomyl + carbendazim (expressed as
carbendazim)
- bromopropylate
- captan
- chlorothalonil
- methiocarb
- parathion
- vinclozolin
- aldrin
- dieldrin
- DDD-SS¶
- DDE-SS¶
- DDT-RS¶
- DDT-SS¶
- HCB
- HCH-alpha
- HCH-beta
- HCH-gamma (lindane)

Unit of measure

The resulting value
Lok. 1.
Lok. 2.

%

5,75

5,64

1,5

%

0,15

0,32

0,1

JUS ISO 662:2000

mmol ½O2/kg

8,0
1,4685
185
80,02
positive

8,0
1,4685
190
81,20
positive

7,5
1,4705
196
92

JUS ISO 3960:2001
JUS ISO 6320:2000
JUS E.K8.028:1991
$ä1-421
$ä1-412

%
%
%
%
%
%
%
%
%
%
%
%
%
%

<0,05
10,88
0,94
<0,05
<0,05
3,86
75,11
7,65
0,63
0,60
0,34
<0,05
<0,05
<0,05

<0,05
10,78
0,91
<0,05
<0,05
3,78
75,13
8,04
0,50
0,51
0,37
<0,05
<0,05
<0,05

0,05
20,0
3,5
0,3
0,3
5,0
83,0
21,0
0,9
0,6
0,4
0,2
0,2
0,2

FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS
FAME-GCMS

mg/kg
mg/kg
μg/kg

<0,03
<0,06
<1,0

<0,03
<0,06
<1,0

0,10
1
2

AOAC 999.11Pb*
AOAC 986.15*
PAH-1

mg/kg

<0,01

<0,01

0,1

AOAC 970.52

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

<0,01
<0,01
<0,01
<0,01
<0,01
<0,01
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005

<0,01
<0,01
<0,01
<0,01
<0,01
<0,01
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005
<0,0005

0,05
0,1
0,02
0,05
0,05
0,1

AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52
AOAC 970.52

mg KOH/g
mg J2/100 g

The prescribed value
min.
max.

1,4677
184
80

7,5
0,3

0,5
55,0
3,5

0,01

0,1
0,05
0,2
0,05

Mark of methods
JUS ISO 660:2000

*- accredited method

Table 2. presents the results of the tests and analysis
of the olive oil, where the oil was processed in oil
mills. This study deals with the characteristics of
leachates from a municipal solid waste composting
plant in Kalamata city, Greece. The composting
plant has been in operation for about two years and
treats the total quantity of the municipal solid waste
of Kalamata city. Fifteen samplings every three days
have been taken and various pollution parameters
have been estimated. The results indicated that
leachates from this plant are highly polluted with the
mean COD and BOD5 values being 107800 and
54400 mg/l, respectively. The results indicated that
leachates are also characterized by a high inogranic
load, with mean N-NH3 and Cl- values of 2660 and
6440 mg/l, respectively. From the overall results it
can be said that the leachates constitute a major
environmental problem and must be taken into
careful consideration [9].

used for the production of oil. Olives for
consumption cannot be grown to the extent
necessary due to the deterioration of the existing
production facilities ("Agroulcinj" from Ulcinj and
"Primorka" from Bar [8]. However, during the
WUDQVLWLRQ RI WKH V ERWK ³$JURXOFLQM´ DQG
³3ULPRUND´GLVEDQGHGWKHLUproduction plants which
affected the sector itself and led to the stagnation that
followed in the manufacturing industry, which is
now reflected in the unsatisfactory quality of olive
oil today.
Based on experimental results, we have found
significantly higher indicators/parameters than
normal values, in the two locations (Location 1 and
Location 2) in Bar. For the other three locations, the
obtained results have normal values. Table 1.
presents the results of the analyses of the soil from
Locations 1. and 2. The samples of the soil at both
locations were taken from a depth of 15 cm.
The tests and analysis of olive oil, in all five
locations, have shown similar results. In the paper we
present the results from the two Bar locations only.
2681



© by PSP

Volume 26 ± No. 4/2017 pages 2678-2683

devices for packaging and other pieces of technical
equipment, which would provide additional value
i.e. a higher value of the basic product.
The current state is a consequence of bad
general
financial
planning,
poor
quality
technological equipment and a lack of education. To
achieve the high standards which EU food safety
legislation will require, significant technical and
financial support is needed in the future.
In addition, in Montenegro there are no
business entities that are engaged in olive growing
on plantations where all the necessary technical
measures are applied. This is something which
would also help olive producers meet the standards
which the EU internal market demands.

CONCLUSION
Comparing the obtained values from Table 1.
with the prescribed values in the soil from Location
1. the following was found: an increased presence of
arsenic, 20.84 mg/kg (compared to MAC, which is
20 mg/kg), a greater presence of chromium, 157.26
mg/kg (compared to MAC, which is 50 mg/kg), as
well as a significantly higher presence of nickel,
171.83 mg/kg (compared to the MAC which is 50
mg/kg).
The results of analysis of the soil sampling from
Location 2. showed a significantly higher presence
of chromium, 88.20 mg/kg (compared to MAC,
which amounts to 50 mg/kg), a significantly higher
presence of nickel, 116.08 mg/kg (compared to
MAC, which is 50 mg/kg) as well as the increased
presence of fluorine, 321.71 mg//kg (compared to
MAC, which is 300mg/kg).
Comparing the obtained values from Table 2
with the prescribed value, it was determined that the
oil obtained from olives grown at the first location
contains a greater "content of free fatty acids such as
oleic acid" (5.75%) compared to MAC (which is
1.5%) and a higher content of water as well as other
volatile substances (0.15mm) vs. MDK (which
amounts to 0.1%). The peroxide number (which is
expressed by the amount of hydroperoxide - primary
products of the auto-oxidation of the oil) is 8.0
compared to the MDK which is 7.5 mmol ½O2/kg.
The oil from this location showed a positive reaction
to rancidity.
The results of the analysis of the olive oil
obtained from Location 2. showed the significantly
increased presence of "free fatty acid as oleic acid"
(5.64%) with respect to maximum permitted which
is 1.5% as well as a significantly higher content of
water and other volatile substances (0.32mm)
compared to the MAC, which is 0.1%. The peroxide
number has the same value as in the oil from the first
location (8.0) and this oil also showed a positive
reaction to rancidity.
Based on the obtained results and the executed
analysis can be concluded that the analyzed oil
samples, from all five locations, do not satisfy the
quality standards prescribed norms. The gain results
are expected and are results which are reflective of
the state of the olive sector in Montenegro.
The biggest obstacles, for olive and olive oil
production in Montenegro, is found in the strength of
traditional practice. That is why a very limited
number of oil producers meet HACCPs and other
ISO standards in the sector of production, processing
and storage of olive oil.
The biggest challenges are: traditional
harvesting or gathering of olives that fall from the
branch instead of olive harvest, followed by the
insufficient number of modern olive mills, a lack of
equipment for oil refining, filtration, and of
separators during the processing of olives, as well as
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singlet oxygen, superoxide anion radical,
perhydroxyl radical and hydroxyl radical. Advance
lipid peroxidation, increased excretion of urinary
lipid metabolites, modulation of intracellular
oxidized statuses, DNA and cell membrane deficits
are caused by these reactive oxygen species
(3,4,5,6) .
Oxidative stress means an unbalance between
nitrogen species and reactive oxygen, in addition, it
stands for the antioxidant defense capacity of the
cell. According to numerous studies, it was stated
that the production of reactive oxygen/nitrogen
species is enhaced by acute physical activity,
especially under circumstances such as unwonted
intensity and/or duration, and oxidative stress is
also caused by it (7,8,9,10) . Along with nonpathologic conditions, several pathologic conditions
might speed up the production of free radicals or
impair the antioxidant defense system. Through
over-production of ROS containing superoxide
anion, hydroxyl and peroxyl radical, triggering
oxidative stress are caused by exercise training (11).
Moreover, exercise-induced oxidative stress counts
on the exercise intensity. More lipid peroxidation is
caused by high-density exercises than moderate- or
low- density exercises (12,13). Moreover, relying
upon the kind of tissue and the antioxidant capacity
of the tissue, different responses could be evoked
by exercise-induced oxidative stress. In liver and
kidney, the antioxidant capacity is generally high;
but it is low in heart and lung (14).
In this study, it was aimed to investigate the
impacts of CAPE on exhaustive exercise-induced
oxidative stress.

ABSTRACT
During the recent years, scientific studies are
concentrated upon the possible oxidative stress
which is caused by the exhaustive stress. Caffeic
acid phenethyl ester (CAPE) is a significant active
constituent of propolis, which is originated from
honeybee hives. Thanks to its antioxidant,
antiproliferative, antiinflammatory, antiviral and
antifungal activities, it has received growing
attention in several medical and pharmaceutical
researches. The purpose of this study was to
examine the impacts of CAPE in exercise-induced
oxidative stress. Sprague-Dawley Rats (250-300 g)
were separated into four groups in this study. The
samples of blood and tissues were collected for the
examination of biochemical markers and comet
assay. Acute swimming exercise led to DNA
damage in mononuclear leukocytes and enhanced 8OhdG levels and also, CAPE significantly (p<0.05)
reduced the MDA and 8-OhdG levels. According to
findings, it is pointed out that CAPE
supplementation reduced DNA damage and
enhanced of oxidative stress owing to exhaustive
exercise.

KEYWORDS:
oxidative stress, exhaustive exercise, rat, comet, DNA
damage

INTRODUCTION
One of the active ingredients of propolis is
CAPE which is a substance present in the plant
extracts gathered by honeybees. CAPE which is
anti-inflammatory and antioxidant agent included of
catechol and makes it a compound with numerous
biological activities (Çelik et al., 2008). Through
the inhibition of reactive oxygen species (ROS)
production, CAPE possesses antioxidant features in
human neutrophil cells and in the xanthine oxidase
systems at a concentration of 10 ߤM (2). For
example, tissue damage is supported by ROS,

MATERIALS AND METHODS
Materials. CAPE which was bought from
Sigma-aldrich (Interlab,Turkey). The whole of the
other chemicals and testing agents were at
analytical testing agent grade which was purchased
from trading resources.
Animal care. Tests were performed on male
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removal, the measurement of the catalase activity in
blood and liver was performed (18). The method of
Beers and Sizer is used for its measurement (19).

(n = 32) young adult Sprague-Dawley rats (12
weeks of age). Rats were kept in separate cages in a
temperature-controlled room (23 ± 1°C, with 50 ±
5% relative humidity) controlled on a cycle of 12 h
light and 12 h dark. During the study course, rat
chow and water ad libitum were given to them for
feeding. In compliance with the guidelines
delivered by Ethical Committee of Kobay
Experimental Animals laboratory in Ankara
protocol no 2013/74, animal tests were carried out.

Measurement of Total Glutathione (GSH).
Along with some modifications, the sum of GSH
level was detected by the Ellman method (20).
Shortly, after blood was centrifuged at 3000 rpm for
10 min, 0.5 ml of serum was added to 2 ml of 0.3 M
Na2HPO42H2O solution. After the addition of 0.2
ml solution of dithiobisnitrobenzoate (0.4 mg/ml
1% sodium citrate) and then mixing, the
measurement of the absorbance at 412 nm was
performed by use of a spectrophotometer (UV
1208, Shimadsu, Japan) at room temperature.

Experimental Design. Empirical animals
which were used within the study were equally
separated into four groups:
Group 1: General control group, not exposed
to any process.
Group 2: Swimming control group, which did
not obtain any dietary supplementation, however
was exposed to acute swimming exercise for 30
mins in the end of the study.
Group 3: CAPE supplemented general control
JURXS (YHU\ UDW ZDV RYHUVHHQ  ȝPRONJ E\
intraperitoneal (IP) route for 4 weeks in this group.
Group 4: CAPE supplemented swimming
group. In this group, every rat was overseen 10
ȝPRONJ E\ LQWUDSHULWRQHDO URXWH IRU  ZHHNV
moreover, the rats were exposed to 30 min of acute
forced swimming exercise in the end of the
administration.

Measurement of 8-OHdG. Samples of the
serum were analyzed in terms of their concentration
of 8-hydroxy-2' -deoxyguanosine (8-OHdG) by use
of a competitive enzyme immunoassay (EIA) kit
(Cayman Chemical Company, Ann Arbor, MI,
USA) and intra-assay and inter-assay CV were
detected as 5.3 % and 8.2 %, respectively.
Comet assay in rat mononuclear leukocytes.
Following the centrifugation and separation from
serum samples, comet assay was performed on
mononuclear leukocytes. The comet assay was
carried out through the method of Kocyigit et al.
(2005) (21). The addition of Histopaque 1077 was
made into the heparinezed blood samples,
centrifuged for 30 min at 2100 rpm, 25 ºC. The
middle layer consisting of mononuclear leukocytes
was taken and then 1 ml of salinated phosphate
buffer (PBS; pH 7.4) completely mixed in it.
Centrifugation was carried out for 10 min at 1600
rpm once more (25 ºC).
Supernatant was thrown out and diluted by
PBS (pH 7.4). $IWHUZDUGV  ȝ/ ORZ-melting
agarose (0.5%) was stirred into leukocytes together
with PBS at 37 °C. +HUHXSRQWKLVPL[WXUH ȝ/ 
was dispersed onto normal melting point agarose
(1%) pre-coated slide. Thin long coverslips covered
the slides for 2-3 min at 4 °C. Long cover slips
were removed and dipped in lysing solution
(100 mM EDTA-Na2, 2.5 M NaCl, 10 mM Tris±
HCl, 1% Na-sarcosine, 1% Triton X-100, 10%
DMSO and pH maintained at 10±10.5) for 1 hour at
(4 °C).
Afterwards, slides were immerged in
Electrophoresis buffer solution (1 mM EDTA-Na2,
0.3 M NaOH; pH > 13) for 25 mins and then
electrophoresis was performed at (25 V/300 mA for
40 mins). Later, for 5 minutes, the slides were
washed and neutralized by 0.4 M Tris±HCl, pH 7.5.
The microscope slides were dehydrated and stained
by 70 ȝ/ HWKLGLXP EURPLGH (2 ȝJ mLí1). All
empirical processes were carried out under dim
light. Lastly, cover slip covered the slides and 100
comets were analyzed under the fluorescent

Swimming Exercise of rats. In a glass pool
which was 50 cm in depth and width, resistant to
temperature and also had a thermostat to preserve
water temperature fixed at 37°C, the exercise was
carried out. After the completion of the processes,
exercise was performed only once for 30 mins. in
24 h. After the empirical animals were made to
swim in groups of two, they were decapitated in
order to collect blood samples for advanced
analyses (15).
Measurement of Malondialdehyde (MDA).
Serum was taken from the entire blood samples.
The calculation of MDA level was performed in
compliance with Draper and Hardley method (16)
which is depended on the coupling of MDA with
thiobarbituric acid.
Measurement of Superoxide Dismutase
(SOD). The measurement of SOD activity in blood
and liver was performed. Xanthine-xanthine
R[LGDVH ZDV XVHG IRU WKH JHQHUDWLRQ RI 2í LQ
addition, nitroblue tetrazolium (NBT) reduction was
XVHGDVDQLQGLFDWRURI2í SURGXFWLRQ. SOD will
challenge with NBT for O2, and the percent
inhibition of NBT decrease is a measure of the
amount of SOD available (17).
Measurement of Catalase (CAT). Through a
spectrophotometric procedure, measuring peroxide
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TABLE 1
Serum levels of oxidative stress parameters in rats
Groups
Group 1
Group 2
Group 3
Group 4

MDA
(nmol/ml)
47.06±11.62a
168.29±16.45b
42.69±9.86a
91.38±4.43d

SOD
(nmol/ml)
6.03±0.48a
94.07±6.22b
10.51±0.46c
17.40±5.01d

CAT
(nmol/ml)
0.30±0.03a
5.65±0.33b
0.80±0.02c
3.09±0.53d

8-OHdG
(ng/ml)
170.29±16.35a
410.49±24.51b
158.45±6.86c
256.87±39.08d

Values are mean ± S.D., n=6. a,b,c,d,: in the same column values with different letters show statistically significant
differences (P <0.05).
microscope
(Olympus,
Japan)
at
400x
magnification. The evaluation of DNA Damage was
performed through a tail of fragmented DNA, and
DNA Damage was scored from 0-4 with regard to
the extent of damage.

DISCUSSION
Dillard et al. (1978) (22) were those who
firstly proved that physical exercise could cause
increased lipid peroxidation in 1978. After a few
years, this finding of exercise-induced oxidative
stress was approved by Davies et al (23) by
showing a 2 to 3-fold enhancement in free radical
production throughout exhaustive exercise in rats.
Exercise could produce an unbalance between ROS
and antioxidants, and this could lead to oxidative
stress. One of the significant findings of this study
is that the oxidative stress was a significant
determinant thanks to the acute exhaustive exercise
and that CAPE relieved the exercise-induced
oxidative stress. Oxidation of proteins, lipids, DNA
and release of cytosolic enzymes are caused by
strenuous exercise, and this could have detrimental
effects on body (24). In this study, acute exhaustive
exercise affected the MDA and 8 -OHdG levels.
Our findings were compromised with the study of
Akil et al. (25). In reaction to endogenous
generation of oxygen radicals and as a result of
attacks from exogenous sources like ionizing
radiation and certain mutagenic compounds,
oxidative DNA damage arises (26). 8-Hydroxy-ƍdeoxyguanosine (8-OH-dG) is the guanine
oxidation's product in the course of reactive oxygen
species like hydroxyl radical, singlet oxygen, etc.
attacking the C-8 position of guanine base in the
DNA molecule. The rises in 8-OH-dG levels have
been implicated in several disorders, including
cancer, neurodegenerative diseases and diabetes
(27). Thus, 8-OH-dG has turned into a biomarker of
DNA oxidative damage (28). Exhaustive exercise
enhanced free radical production and in the end
enhanced oxidative DNA damage in this study. 8 OHdG levels are the indicator of oxidative DNA
damages. The supplementation of CAPE reduced
DNA damage in this study. From now on, the
comet assay is a well-established, versatile, simple,
rapid, visual, sensitive and extensively used tool to
evaluate DNA damages and to mend quantitatively
as well as qualitatively in individual cell
populations (29). Some other lesions of DNA
damages like DNA cross-links (for instance,
thymidine dimers) and oxidative DNA damages
could also be evaluated by use of lesion-specific
antibodies or specific DNA repair enzymes with
regard to the comet assay. More DNA damages

Statistical analyses. The data which were
acquired from empirical animals were stated as
means and standard deviation of means (±SD).
Also, these data were analyzed by use of one-way
analysis of variance (ANOVA), after the Duncan
post-hoc tests on the SPSS (18.0) software
computer program. It was considered that the
difference in the mean values of p<0.05 was
significant.
Results. Depending upon the biochemical
analysis of the samples; the highest MDA level in
serum was detected in swimming group compared
with the other groups (p<0.05) (Table 1).
A significant difference (p<0.05) was
observed between group 1 and group 2 in SOD and
CAT levels (Table 1). Shortly, the antioxidant
enzymes levels within group 2 were less than all
other groups, however, serum 8 -OHdG levels were
greater than the other groups (p<0.05) (Table 1).
TABLE 2
Detection of DNA damage using the Comet assay
Compounds
Group 1
Group 2
Group 3
Group 4

DNA Damage
(Arbitrary Unit±SD)*
4.16±0.75a
13.5±4.63b
5.66±1.21a
9.83±1.32c

* Means with the same letter do not differ
statistically at the level of 0.05. SD: Standard
Deviation
Effect on DNA damage. In mononuclear
leukocytes of the rats, DNA damage was observed
and this is shown in Table 2. It was observed that
DNA damage levels were higher (13.5±4.63 AU) in
group 2 compared to Group 1 (4.16±0.75 AU) (p <
0.05). DNA damages were 5.66±1.21 and
9.83±1.32 AU, respectively in group 3 and in group
4. DNA damage was reduced in group 4 compared
to group 2, and it was observed that these values
were statistically significant.
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Antioxidant Enzyme Activity Induced by
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Pons, A., (2005), Relation between oxidative
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Radic. Res. 39: 1317-1324.
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Exercise-induced oxidative stress in humans:
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51(5):942±50.
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aerobic exercise at high and moderate
intensities on lipid peroxidation in untrained
men. J. Sports Med. Phys. Fit. 48: 515-521..
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211: 359-365.
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were detected in the swimming control group
compared to CAPE supplemented swimming group.
These findings revealed the cytoprotective and antilipid oxidation activities of the CAPE. Also, they
propose that CAPE serves as a radical scavenger,
and hence, attenuates the cytotoxic and genotoxic
effects of exercise. Generally, the above mentioned
findings propose that CAPE effectually scavenges
ROS and thereby keeps cellular DNA from
oxidative damage.
The antioxidant enzyme levels in exhaustive
groups are significantly less compared to the
control groups. Through oxidative stress generated
by the exhaustive exercise, this situation could be
decreased. On the other side, MDA level in CAPE
supplemented swimming group was significantly
reduced and the GSG, SOD, CAT levels were
significantly enhanced. These results may be
resulted from the antioxidant features of CAPE.
There are many studies in respect to the antioxidant
features of CAPE (30, 31, 32). During exercise,
ROS could be produced by many tissues (33).
Nevertheless, until today, few studies have
examined which organs are mainly responsible for
the ROS production in exercising humans because
of restricted access to most tissues.
Our data propose that CAPE could be a
promising new therapeutic agent for the oxidative
DNA damage and against its complications.
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Directive [1]. In this context, Surface Water Quality
Directive (2015/29327), Urban Wastewater
Directive, 2009/27271, Bathing Water Directive,
2003/4856 were adapted to the national legislation.
WFD establishes a framework for the
protection of surface waters aiming to achieve at
OHDVW ³JRRG HFRORJLFDO TXDOLW\ VWDWXV´ IRU LQODQG
estuarine and coastal waters where good ecological
quality status is based on biological, hydromorphological and physico-chemical elements. It
requires surface waters to be delineated in water
bodies,
considering
different
typologies.
Furthermore, pressures-impacts and biological
communities should also be taken into consideration
in delineating the various water bodies which are
surface water elements differentiated by diverse
characteristics [2].
As explained in the WFD, Member States (MS)
(and the candidate countries) should gather and
maintain information on the type and magnitude of
significant anthropogenic pressures. The pressures
on the coastal zone are associated with population
density, industry, urbanization, agriculture, fisheries,
tourism and maritime transport [3, 4]. These
significant pressures of the water bodies must be
identified for the risk assessment.
The risk assessment can be conducted using
different methods such as models (e.g.
MONERIS,SWAT) or indices [5]. Fast, convenient
and inexpensive index methods, are generally
preferred by MSs implementing the WFD for the
determination of pressures and impacts.
As referred in the WFD, phytoplankton is one
of the major biological quality element for the
coastal waters. Phytoplankton and its attributes
(biomass, composition, abundance and frequency,
and intensity of blooms) are essential for defining
and classifying the ecological status of surface
waters [3]. Chlorophyll-a has been widely used as an
indicator of phytoplankton biomass in the majority
of national monitoring programmes of the MSs as
well as in the Turkish coastal and marine monitoring
programme since Chlorophyll-a is preferred because
of its simplicity, availability and reliability of
measurements [6]. It also represents impact in
pressure-impact analysis [7, 8].
The aim of this paper is to present a simple,

ABSTRACT
The European Union Water Framework
Directive (WFD) recommends the pressure and
impact analyses as a risk evaluation method for
achieving the ecological quality targets. The aim of
the present study is to determine potential risks on
the coastal water bodies (WB) of the Marmara Sea
considering different anthropogenic pressures. Land
Uses Simplified Index (LUSI); and Land Uses
Simplified Index Valencia (LUSIVal) were applied
to 18 coastal water bodies of Marmara Sea.
Correlations between LUSI, LUSIVal indices and
chlorophyll-a, as the impact variable indicating the
phytoplankton biomass, were calculated as R2 =
ȡDQG52 ȡUHVSHFWLYHO\
Hence, the results of LUSIVal index were found to
be more applicable for Marmara Sea. A comparison
of both methods were also conducted. Both indices
have certain limitations; LUSI is only based on
Corine land classification system whereas LUSIVal
also includes certain pressures like rivers, pollution
and bays as risk factors. Still LUSIVal method is not
considering all the pressure factors; e.g. those
associated directly with sea, tourism and animal
husbandry. The LUSI/LUSIVal index was also
found to be not appropriate for evaluation of the
ecological status of all coastal water bodies. This
might be due to the response of the systems to natural
variability rather than the pressures. In addition,
other biological quality elements (macro flora and
fauna) were considered besides chlorophyll-a in
ecological quality assessments and further efforts to
correlate pressure indices with other impact
variables might be recommended for future
assessments.

KEYWORDS:
Water Framework Directive, coastal waters, pressuresimpacts, LUSI/LUSIVAL, Marmara Sea

INTRODUCTION
As a country in the admission period, Turkey
has been harmonizing its national legislation with the
European directives such as Water Framework
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FIGURE 1
Map showing coastal water bodies (No. 1-22) and the land use of Marmara Sea Region
convenient and cost-effective assessment of
anthropogenic pressures and related impacts for the
coastal zone of the Marmara Sea which provides
answers to administrative requirements. The water
bodies were recently delineated by a national Project
(DeKoS) in the framework of adaptation to WFD [9].
So, this will be the first attempt to perform pressureimpact analysis in the designated water bodies in the
Marmara Sea. This tool has also recently been used
to support the pressure and impact relationship in the
coastal water bodies for Turkish territory of Black
Sea [10].
Two pressure-impacts analysis methods (LUSI
and LUSIVal indices) were applied to the Marmara
Sea coastal water bodies. This paper investigates the
significant correlations between delineated water
bodies and chlorophyll-a. Indices might be used for
supporting the management of coastal water bodies
of the Marmara Sea.

between them is creating the flow of less saline
Black Sea waters at the surface (upper) towards the
Aegean Sea, so the Mediterranean originated higher
salinity lower layer waters is being overlaid. The
renewal time of the upper layer of the basin was
calculated to be at the order of 5-6 months and of the
lower layer is about 6-7 years [11, 13]. The
circulation characteristics of the surface layer shows
seasonal differences composed of semi-permanent
features such as a meandering jet from the exit of the
6WUDLWRIøVWDQEXOWRZDUGVWKH%R]EXUXQSHQLQVXODDW
the South, later being directed to the North and the
West towards the Strait of Çanakkale. A major
anticyclonic eddy in the central basin exists where
small-scale cyclonic eddies are also found frequently
in the southeastern and southern shelf areas which
are mostly wind-driven and related to the north
easterlies. The circulation features of the Marmara
Sea were recently studied with some dedicated
experiments and modelling efforts during 2008-2009
[14] after the publication of major findings of early
1990s [11].
The hydrochemical features also found to be
excessively related with the stratification and the
seasonality of the surface layer as well as the mixing
characteristics especially at the eastern part of the
basin. The profiles exhibit a nutrient depleted
(spring-autumn) photic layer almost overlapping
with the surface layer and nutrients are enriched in
the lower layer waters with the degradation of
organic material.
This creates low dissolved oxygen values
below depths of 30-50 m [15, 16]. Primary
production in the upper layer was found as limited
with nitrogen which was proven by low N:P ratios of
both seston and the dissolved inorganic nutrients of
the subhalocline waters [16].

MATERIAL AND METHODS
Hydrographical
and
hydrochemical
features. Marmara Sea is an intercontinental, semienclosed small basin with an approximate size of 250
km in east-west and 70 km in north-south direction.
It is connected to the Black Sea with the Strait of
øVWDQEXO(Bosphorus) and to the Mediterranean (via
the Aegean Sea) with the Çanakkale (Dardanelles)
Strait (Fig.1). The well-known permanent twolayered (stratified) system of the basin and the straits
is due to the salinity differences of the Black Sea
(18 psu) and the Aegean Sea (38.5 psu) where
these layers are separated by a sharp pycnocline at a
depth of ~ 25 m [11, 12]. The sea level difference
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TABLE 1
Coastal water bodies of the Marmara Sea
Water Body
Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Typology1

Catchment Area

Name of Water Body

Susurluk
Susurluk
Susurluk
Susurluk
Marmara
Susurluk& Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara
Marmara

Susurluk River (Coast)
M2
Susurluk River (Far Coast)
M6
Susurluk River ± %DQGÕUPD%D\
M6
%DQGÕUPD%D\
M6
Marmara Islands
M6
Erdek Bay ± Karabiga
M2
Çanakkale (Dardanelles) Strait
M6
7HNLUGD÷± ùDUN|\
M6
7HNLUGD÷± 0(UH÷OLVL
M6
0(UH÷OLVL± BüyükÇekmece
M6
$YFÕODU- Zeytinburnu
M6
Haliç
øVWDQEXO %RVSKRUXV 6WUDLW
M6
.DGÕN|\-Maltepe
M6
Kartal - Tuzla
M6
ø]PLW%D\ ,QQHU3DUW
M2
ø]PLWBay (Outer Part)
M6
<DORYD$OWÕQRYD± Armutlu
M6
Armutlu± Gemlik Bay
M6
Mudanya ± Susurluk River (Coast)
M6
Mudanya ± Susurluk River (Far Coast) M6
øPUDOÕ,VODQG
-

Pressure Group2
DS
DS, U, I, P, T
DS
DS, U, I, T, P
U ; SW ; I; DS ,P
U; SW; P; T
NP
U; SW; I; P
U; SW; I
U; P; Pl
U; P
U; ST
U; N
U; I; T; N
U; I; P; N; Pl; T
U; I; P; N; Pl; T
U
U; I; P; N
U; I; P; N
NP
NP

1 Water Body typology is determined with the type by the highest area percentage in that water body
(if more than one type is available) (TUBITAK-MRC and MoEU-GDEM, 2014)
M2:6KDOORZ 'HSWK 6HGLPHQWDU\6HGLPHQWDU\M6: Deep (30 < Depth), Sedimentary
2 DS: Diffuse Source, U: Urbanization, I: Industrial, P: Port, T: Tourism, SW: Solid Waste, NP:
No Pressure, Pl: Platform, N: Navigation
municipal wastewater treatment as East and West
Wastewater Treatment Plants which cover 95% of
the population in the contiguous area. However,
urban and industrial waste water is discharged to the
Nilüfer Creek which is joining to the Susurluk River
reaching the Marmara Sea [26, 27].
The Northern coast of the Marmara Sea is under
pressure of urban population and industrial activities.
On the other hand, the southern shelf is also heavily
effected by diffuse pollution sources [17]. For
instance, Susurluk, Biga and Gönen rivers are
discharging nutrients and contaminants to the
southern shelf of Marmara Sea (Fig.1) [28]. Susurluk
is the longest and biggest river in the Marmara
Region having a drainage area of 22.400 km2 and its
average flow rate is about 132 m3/s [29]. It carries
urban and industrial wastewater and pollutants to
Marmara Sea.
In Susurluk and Marmara Basin provinces,
industry and agriculture is the primary pollution
sources. In the region intensive agricultural activities
are carried out in Çanakkale and 7HNLUGD÷ provinces,
where mainly dry farming (wheat and sunflower) is
conducted. Kocaeli province has the lowest
agricultural land area and industrial activities are
nonetheless the main pressures in this province.
øVWDQEXODQG%XUVD KDYH KD DQG 1.081.954
ha agricultural land area, respectively. Both of these
provinences have intensive industrial and
agricultural activity.

Environmental features. Marmara Sea is at a
geostrategic position being a maritime passage in
EHWZHHQWKHWZRVWUDLWVdDQDNNDOHDQGøVWDQEXOand
also at a naturally unique location between the
Mediterranean and Black Sea, being under different
land and sea based pressures [16, 17, 18, 19].
However, major threats to the productivity and
biodiversity of Marmara Sea marine environment are
still originating from the industrial (chemical,
petrochemical, textile, tanning, metal extraction etc),
agricultural and residential activities on land.
Moreover, tanker traffic of several thousands of oil
carrying vessels per yearYLDWKHøVWDQEXO6WUDLWis a
constant threat to the marine ecosystem [20]. For
instance, Sectoral Directorate General of Coastal
Safety Sectoral Report indicates that 8745 dangerous
cargo ships have passed through the Bosphorus in
2014 [21].
Marmara Sea is located in Susurluk and
Marmara basin boundaries. Istanbul, Kocaeli and
Bursa provinces in Marmara Basin which have high
population and intensive industry (Fig.1) [22, 23,
24]. According to the Turkish Statistical Institute Address Based Population Registration System, total
population of Istanbul, Kocaeli and Bursa provinces
was 18.887.352 in year 2014 which constitutes
almost 25 % of the total population of the country
[25].
Bursa city center is located in the south-east of
Marmara Region and approximately 20 km far away
from the coast. Bursa province have advanced
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of TUBITAK/MRC.
Water bodies in the Marmara Sea have been
determined according to the criteria above. Coastal
waters of the Marmara Sea was separated in to 22
coastal water body units. The Marmara Sea water
bodies including pressures and typology information
are presented in Table 1 and at Figure 1.

Determination of water bodies in the
Marmara Sea. Within the scope of the river basin
management perspective, Water Framework
Directive is covering all the inland surface and
subsurface waters as well as transitional and coastal
waters up to one nautical mile from shoreline
independently from the length and characteristics of
shores. These waters are separated as geographical
or administrative bodies to implement the
management plans and programmes for WFD
application [2].
Study on determination of WBs for the
Marmara Sea was carried out according to WFD
Common Implementation Strategy Guideline [2, 30].
For the WB determination studies, the following
steps are used:
x The Marmara Sea was separated to 6 coastal
water typologies which were determined in the
Marine and Coastal Waters Quality Determination
and Classification Project (DeKoS) [9]. Depth and
substratum were used as the major criteria based on
WFD Identification of Water Bodies Guideline
Table 1. Salinity was also considered at the
beginning, however the stratified vertical structure of
the water column depending on the depth and the
salinity gradients increased the number of types and
complicated the management of water bodies.
Besides, benthic experts and oceanographers agreed
on depth criteria (D<15m, D=15-30 m, 30m<D)
which also helps to classify for salinity differences
to a certain extent considering the direction and
dispersion patterns of the in and out flowing waters
from the straits. Currents were only considered
relying on the general circulation patterns mentioned
in hydrographical and hydrochemical features for the
identification of types since enough observed data
was not available for the typology classification of
the coastal waters. However, relative current
differences (high and low) were considered while
separating the water bodies according to the
typologies.
x Pressures such as rivers, urban areas,
population density, irregular solid waste storage
areas, density of marine traffic, density of industrial
facilities, diffuse sources, ports, lagoons, platforms,
shipyards and tourism density were examined in
coastal areas. Furthermore, eutrophication risk areas
were considered in water body delineation.
³1RWLILFDWLRQRQ6HQVLWLYHDQG/HVV6HQVLWLYH:DWHU
Areas of Regulation on Urban Wastewater
7UHDWPHQW´ LVVXHG LQ  E\ WKH 0LQLVWU\ RI
Environment and Forestry of Republic of Turkey
was used for the information on eutrophication risk
areas.
x The evaluation of quality status of water
bodies based on the surface chlorophyll-a
concentrations obtained from monitoring studies
carried out in Marmara Sea between 2009 and 2011
by the Institute of Marine Sciences and Management
of Istanbul University and the Environment Institute

Evaluation of anthropogenic pressures using
LUSI and LUSIVal index. Pressure and impact
analysis is an approach to evaluate risks associated
with the achievement of ecological quality
objectives established within the WFD. Therefore,
the fundamental goal of the analysis in question is
the determination of potential risks and the water
bodies under risk [5] which is also of great
significance for the preparation of monitoring
programmes.
The main pressures on coastal zone are river
inputs, urbanization, industry, diffuse sources, ports,
platforms, fisheries and tourism. Nutrient loadings
due to different land uses contributes algal growth
which might enhance eutrophication. Moreover,
currents and coastline morphology (having concave,
convex or straight structure) effect the retention time
of water at the coastal zone.
Land Uses Simplified Index (LUSI) (1), based
on a holistic approach, was developed in Spain for
the determination of the magnitude of humaninduced pressures causing eutrophication in the
coastal waters [8]. LUSI was adapted to a new index
by Romero et al. (2013) to the Valencia coast
because of the importance of additional
anthropogenic pressures other than coastal land use
like river inputs, harbor activities, etc. and the new
index was called as LUSIVal (2). Both indices were
implemented to Marmara Sea water bodies.
The indices LUSI and LUSIVal are obtained as:
LUSI
= (Urban Score + Agricultural Score +
Industrial Score)* Correction Factor (1)
LUSIVal = ((Urban Score + Agricultural Score +
Industrial Score + Other Pressures)* Correction
Factor) (2)
Urban, agricultural, commercial and industrial
pressure spatial data within 1500m behind the
coastal line which are used in LUSI are obtained
from "Land Classification System (Coordination of
Information on the Environment (CORINE))" (Table
2) [31]. The land cover categories are mapped in
VFDOH RI ³´. The classification codes are
established according to a nomenclature of 44
classes organized hierarchically at several levels
[32].
The Corine spatial data was evaluated
according to the matrix system specified in Table 3.
The matrix system was created by group of French
MED-GIG Phytoplankton experts [33].
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for each water body was examined [34]. For this
study, 3-year surface chlorophyll-a data were used.
Data were obtained from monitoring studies carried
out in the Marmara Sea between 2009 and 2011 by
the Institute of Marine Sciences and Management of
Istanbul University and the Environmental Institute
of TUBITAK/MRC. The distribution of P90th
percentile chlorophyll-a data in Marmara Sea is
shown at Figure 2.

TABLE 2
Land classification system data used in the LUSI
and LUSIVal indices
LUSI
Parameter
Urban
Commercial
and
Industrial

Classification
Code
11
12

13
21
22

Agricultural

23
24

Explanation
City structure
Industrial,
commercial
and
transportation areas
Mining, discharge
and construction
sites
Arable land
Sustainable
products
Meadows
Mixed agricultural
areas

LUSI/LUSIVal methods are mainly based on
risks associated to the impacts of eutrophication.
Therefore urban and agricultural pressures are much
more significant than the industrial pressures. While
assigning the scores, this difference was considered,
thus industrial pressures were limited within 2.

FIGURE 2
The distribution of P90th percentile
Chlorophyll-a years in Marmara Sea between
2009 - 2011

TABLE 3
Scores determined according to proportional
weights of pressures
Urban Agricultural
Industrial
Score
(%)
(%)
(%)
< 10
<10
<10
0
10 - 33 10-40
10-30
1
33 - 66 40-60
>=30
2
>=66
>=60
3

The correlation was examined between the
LUSI/LUSIVal scores of each coastal water body
and the corresponding chlorophyll-a values were
calculated as explained above. Chlorophyll-a
concentrations were used as the impact indicator
representing one of the biological quality elements
within the ecological quality evaluation scheme of
the WFD. This has been widely and accurately used
by many other countries and documented by MEDGIG [33, 34].

Other pressures are classified according to three
different aspects. These are: (i) rivers; (ii) gulfs and
ports; (iii) impact of areas known or presumed to
possess low water quality. If any of these pressures
were identified in a WB, related LUSIVal
calculations for each pressure were increased by one
(Eq. 2).
For each water body all scores were summed up
(Eq. 1 and Eq. 2) and multiplied by a correction
factor which depends on the morphology of the
coastal line (Table 4) [3, 8]. This relatively adjusts
the retention time of water in a coastal water body.

RESULTS AND DISCUSSION
A great majority of coastal areas of the world
have been reported to be deteriorated due to
point/non-point sources and other pressures which
significantly affect coastal and marine ecosystems
[35]. Therefore, the pollution sources need to be
identified as an immediate necessity for sustainable
management and conservation of the coastal areas.
Unfortunately, pressures-impacts are characterized
by interconnectedness, complicated interactions,
uncertainty, conflicts and constraints, result in
challenges to control the problem [36]. Moreover,
these interactions and tools must be identified and
used for understanding pressures-impacts on coastal
ecosystem not only for the sake of implementation of
WFD, but also for the assessment of sustainability of
measures [37].
The pressure-impact analysis methods
recommended by Organization for Economic Cooperation and Development (OECD) which uses

TABLE 4
Correction factors according to coastal
morphology
Coastal Morphology
Correction Factor
Concave
1.25
Convex
0.75
Straight
1.00
In order to evaluate the effect of the pressures
on the marine environment, Pearson correlation
between chlorophyll-a (expressed as P90th
percentile values in μg/L) and LUSI/LUSIVal score
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TABLE 5
Assessment of the pressure level, in terms of relevant water body; overall pressure, risk assessment
Landuse (%)1
Water
Body
Code

Name of
Water Body

U

A

I

Classification of
Ecological Status ( 3
90th
Coastal
Other
LUSI LUSIValpercentileBiological Quality
Morphology2Pressures
of Chl a Element+ Supporting
Parameters)3

Susurluk
River
22
78
0
S
2
4
7
7,57
Modarate
(Coast)
Susurluk River
2
N/A
N/A
N/A
N/A
N/A
N/A N/A
Modarate
(Far Coast)
Susurluk River ±
3
18
81
1
S
0
4
4
4,56
Modarate
%DQGÕUPD%D\
4
%DQGÕUPD%D\
23
72
5
CC
2
5
8,75
5,37
Poor
5
Marmara Islands
5
95
0
S
0
3
4
4,97
Modarate
Erdek
Bay
±
6
11
89
0
CC
1
5
6,25
2,93
Good
Karabiga
Çanakkale
7
(Dardanelles) Strait 9
90
1
S
0
3
3
1,66
N/A
entrance
8
7HNLUGD÷± ùDUN|\ 9
90
1
CV
1
2,25 3
1,82
N/A
7HNLUGD÷±
9
21
77
2
CC
0
5
5
1,87
Good
0(UH÷OLVL
0(UH÷OLVL
±
10
36
57
7
CC
0
5
5
3,18
Modarate
BüyükÇekmece
$YFÕODU
11
81
0
19
CC
0
4
4
3,17
Modarate
Zeytinburnu
12
Haliç (Golden Horn) 98
0
2
CC
3
3,75 7,5
11,00
N/A
13
øVWDQEXO6WUDLW
92
3
5
S
0
3
3
1,31
Good
14
.DGÕN|\-Maltepe 100
0
0
S
0
3
3
2,2
N/A
15
Kartal - Tuzla
63
16
21
CC
2
5
7,5
4,43
N/A
ø]PLW %D\ ,QQHU
16
85
13
2
CC
3
5
8,75
10,8
Bad
Part)
ø]PLW %D\ 2XWWHU
17
30
51
19
CC
2
5
7,5
7,48
Poor
Part)
<DORYD$OWÕQRYD ±
18
19
53
28
CV
0
3
3
2,16
Modarate
Armutlu
Armutlu± Gemlik
19
16
79
5
CC
3
5
8,75
4,86
Modarate
Bay
Mudanya
±
20
Susurluk
River 3
97
0
S
0
3
3
N/A
(Coast)
Mudanya ± Susurluk
21
N/A
N/A
N/A
N/A
N/A
N/A N/A
N/A
River (Far Coast)
22
øPUDOÕ,VODQG
N/A
N/A
N/A
N/A
N/A
N/A N/A
N/A
1N/A: not available; U: urban, A: agricultural, I: industrial;
2 CC: concave, CV: convex, S: straight;
3 The DeKoS Project was used in classification studies conducted using data obtained from Turkish Monitoring Programme in 2011
1

(a)

(b)
FIGURE 3
The maps of the Marmara Sea pressure index results: (a) LUSI, (b) LUSIVal

indicator and indicator sets are complex structures
[38]. LUSI index method is one of the simplest and
most applicable method to approach to this complex
system.

The pressures-impacts assessment implemented along the Marmara Sea coastal waters. LUSI
index method has been chosen for this study since it
is a calibrated, fast, simple, and cost effective
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rates and the flushing rate is similarly high due to the
coastline being convex or straight. In addition, these
water bodies resulted with small LUSI/LUSIVal
values since the urban and industrial area coverage is
small. The higher scores were obtained for the water
bodies which have industrial pollution loads, intense
urban population, constituting closed bay structures
and very low flushing rates. Also expectedly, for
certain water bodies LUSIVal scores are higher than
the LUSI scores where there are additional pressures
like rivers (WB 1), ports, ship houses (WB 15), bays
and naturally closed harbors (WBs 4, 12, 16, 17, 19).
A comparison of the two pressures indices has been
presented in Figures 3.a and 3.b.
The 90 percentile chlorophyll-a values
presented for the year 2011 were found in the range
of 1.66-11μg/L (Table 5). This is considerably a high
range of variation which is due to the very dynamic
water circulation patterns (Black Sea and
Mediterranean
inflows),
stratification
characteristics, different pressures exerted on
different water bodies.
The relationship between LUSI and LUSIVal
indices with respect to 90% of chlorophyll-a was
determined in 18 WBs of the Marmara Sea. A
correlation between LUSI and chlorophyll-a (R2 =
 ȡ   FRXOG QRW EH IRXQG EXW D VWURQJ
linear relationship between LUSIVal and
chlorophyll-a was observed (R2=0.54 ȡ.0004)
(Fig 4). Therefore, the results of LUSIVal index were
found to be more appropriate for the Marmara Sea
where there exist various pressures exerted on
different water bodies.
LUSI index is used by countries applying WFD
and intercalibration studies for pressure and impact
analysis due to its fast and easy application for
demonstration of coastal pressures [33, 34]. All
countries attending to intercalibration took into
account land use for presentation of pressures and
showed its relationship with chlorophyll-a which is a
parameter that can be measured easily and is an
indicator of phytoplankton. MED-GIG reports and
few other publications have emphasized the strong
relationship of LUSI/LUSIVal and chlorophyll-a [3,
40] which are supporting the results of the present
study (Table 6).
For the problematic water bodies known to be
under pressure from extensive pollution and
eutrophication problem it is recommended by the
:)' WR FRQGXFW ³RSHUDWLRQDO PRQLWRULQJ´ DQG WR
organize sampling frequencies especially for the
pelagic system with at least a seasonal basis.
Therefore, it is important to determine potential risks
on the water bodies by using risk assessment
methodologies for creating more reliable/accurate
monitoring strategy and station networks. In the
view of the fact that the high correlation of the
pressure index with the impact indicator in the

method. Furthermore, the fact that this index is
widely discussed and used by the EU MSs [39], is of
great importance allowing the comparison of results
of the implementation of the index in Marmara Sea
coastal waters with the results of EU countries.
LUSI and LUSIVal indices were applied to 18
water bodies of the Marmara Sea. WBs no. 20, 21,
and 22 (Figure 3, Table 5) are not included in the
analysis due to lack of data. In addition, water body
no. 2, which represents the offshore section of
Susurluk River, is not included due to missing land
use data for the region. Sea-based sources might
have helped to identify the pressures for this water
body. However, that was not attempted to be
included in the present study. On the other hand, the
indices used were originally based on land-based
pressures.
In the WFD, it is recommended to evaluate the
pressures on each water body with a risk assessment
method. However, IMPRESS [30] or any other WFD
guidelines do not provide any clear methodology on
the classification of the pressures. This issue was
considered by some researchers and this
classification is performed in 4-classes in a
descriptive way [37].
In our study, we emphasized the comparison of
the ecological quality of the water bodies with the
pressures (Table 5) in order to see if there is any clear
relevance of certain pressure levels to the quality of
the WB. The ecological quality classification study
was based on the data from a single WFD case (2011,
summer) of three biological quality elements where
classification tools were developed / modified with
long term data available for the region [9]. Based on
this comparison and our expertise for the region, a
classification might be proposed as (i) without
pressure (0 to 3); (ii) low pressure (3 to 5); (iii)
moderate pressure (5-7); (iv) high pressure (710).This classification system is found to be
correlated with the ecological status of a number of
water bodies (WBs no.1,4,7,9,13,16, and 17)
whereas some others (WBs no. 3, 5,6,10,11, 18, and
19) do not seem to be compatible with the ecological
classification (Table 5). This is due to the other
external forces on the ecological status those do not
exist in the pressure indices (like higher renewal time
of certain water bodies, coastal currents) and also to
the fact that pressure classification is more general,
but ecological status classification shows the status
at a given time (more of an instant approach).
The specified LUSI and LUSIVal index
changed (Table 5) in the range of 2.25 to 5 and 3 to
8.75, respectively. The lowest values of
LUSI/LUSIVal were found in Yalova - Armutlu and
in Dardanelles area, whereas the highest values were
recorded in Haliç (Golden Horn)%DQGÕrma, Gemlik
and Izmit Bays. Yalova - Armutlu (WB 18) and
Dardanelles (WB 7) regions show higher circulation
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FIGURE 4
Chlorophyll-a and pressure index LUSI/LISUVal correlation for coastal water
bodies of the Marmara Sea in 2011
TABLE 6
A comparison of pressure ± impact analysis methodologies-results of the present study and the
studies of Member States
Member State

Metrics tested

Pressure

Pressure
indicators

France, Spain and
Italy

90th percentile of
Chla[μg/L]

Land uses and
continental
pressures

LUSI

Spain (Valencia
Coast)

90th percentile of
Chla[μg/L]

Land uses and
continental
pressures

LUSIval

Croatia
Italy
Slovenia

Geometric mean
of Chla [μg/L]

Anthropogenic
and natural
pressures from
land

Total
phosphorus

Chla=8.5027 TP1.6921
r² = 0.886, p<0.001

MED-GIG, 2014

Cyprus

90th percentile of
Chla [μg/L]

Land uses

LUSI

y = 0.013x + 0.070
r² = 0.332
p=<0.05

MED-GIG, 2014

Croatia

Chla, LUSI,
Phytoplankton

Anthropogenic
and natural
pressures from
land

LUSI

y= 0.642*exp(0.3542*x)
p<0.001

Nincevic-Gladan et
al., 2015

Land uses and
other pressures

LUSI
and
LUSIVal

y=1.1308x-0.0728
r² = 0.14
p=<0.063
y=0.9814x-0.8844
r² = 0.54
p=<0.0004

Present Study

Turkey (Marmara
Sea Coastal water
bodies)

th

90 percentile of
Chla [μg/L

y = 0.21 + 0.36*x
r2 = 0.32 (Spearman)
p = 0.00
Typology II-A
r2 = 0.75 p<0.01
Typology III-W
r2 = 0.93 p<0.01

References
MED-GIG, 2014

Romero et al, 2013

affecting it with high current velocities and low
residence time. Chlorophyll-a result for this water
body are supporting the results of the indices.
Hierarchically, water bodies Susurluk River%DQGÕUPD Bay (WB 3), Marmara Islands (WB 5),
7HNLUGD÷± 0DUPDUD(UH÷OLsi (WB 9) and Marmara
(UH÷OLVL - Büyükçekmece (WB 10) had LUSIVal
score between 3 ± 5 indicating ³ORZSUHVVXUH´. Water
bodies with moderate water exchange capacity and
urban/industrial areas had LUSIVal score between 5
± 7 indicating ³PRGHUDWH SUHVVXUH´. Finally, water
bodies in GHPOLNø]PLWDQG%DQGÕUPD%D\VZLWKlow
water exchange capacity, and high urban and
industrial pressures resulted in LUSIVal index score
above 7 showing ³high risk´ for eutrophication and
low ecological quality.

coastal water bodies of the Marmara Sea, those water
bodies having high pressure risk might be monitored
more frequently in time and space and the ecological
quality to be assessed for each monitoring occasion.
In this study, according to LUSIVal index risk
assessment, Dardanelles SWUDLW :%  7HNLUGD÷ ±
ùDUN|\ :% øVWDQEXOStrait :% $OWÕQRYD Armutlu (WB 18) water bodies are classified as
³ZLWKRXWSUHVVXUH´/86,9DOLQGH[VFRUHLVEHORZ
for these water bodies due to high water exchange
capacity and relatively low anthropogenic pressures
(e.g. urban and industrial areas). One specific feature
applies to WB 14 which is under heavy urban
pressure GRHVQ¶W VKRZ a high index value. This
inconsistency is mainly due to the high water
exchange capacity of this water body since the
surface flow jet IURP WKH øVWDQEXO 6WUDLW LV DOVR
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eutrophication can be re-evaluated.
Besides, the land-use classification scheme in
Turkey has not been updated since 2006. The
amendment process has been currently carried out by
the Ministry of Forestry and Water Affairs and not
finalized yet. It could be recommended to recalculate the LUSIVal index following the
amendment of the land-use classification.

CONCLUSION
This study demonstrates the first application of
the LUSI/LUSIVal method for revealing the pressure factors on the Marmara Sea, in a reliable and
efficient way. LUSIVal index was found to be more
accurately applicable for the Marmara Sea since
several pressure factors were also considered besides
coastal land use data. The distinguished difference in
the accuracies of both indices is most probably due
to several factors like the existence of various
pressures and their complex interaction and the rare,
even unique, oceanographic and geograph-ical
characteristics of the basin.
The LUSI index evaluation is based on land
classification system which is not appropriate for
certain water bodies. For example, the water bodies
affected by agricultural land-use (e.g.,WB 3±
Susurluk River ± BandÕrma Bay) and by industrial
land-use (e.g., WB 16-17 ø]PLW Bay) have similar
LUSI scores. This disadvantage has been eliminated
by LUSIVal index in which rivers, gulfs and ports
and areas known or presumed to possess low water
quality were considered. However, LUSIVal also
exhibits some limitations as the method does not take
into account the pressure factors associated with seabased pollution, tourism-based population increases
and animal husbandry. In addition, natural
variability in the oceanographic characteristics might
have been playing role in the change of
concentrations of chlorophyll-a(as a state and impact
indicator).
This study proves that the LUSIVal index
method can be used to assess the pressures on
Marmara Sea coastal water bodies in a fast, simple
and cost-effective manner. According to the
LUSIVal index, areas with a score lower than 2 are
considered areas having much less pressure. These
regions might be candidates for reference site
selection for biological quality elements and need to
be monitored and assessed further. In addition, the
reproducibility of the index methodology makes it
simple to adapt in decision making system and easily
usable by decision makers.
LUSI/LUSIVal considers land usage within
1500m from the coastal line, due to method
requirements. Consequently, it can not include
conditions, in which city centers are located far away
from the coast, but exert pressures on the coast via
rivers, for index calculations. For example, the city
center for Bursa is approximately 20 km away from
the coastline (Fig.1) and the urban and industrial
wastewater is transported by Nilufer Creek into the
Susurluk River that discharges to Marmara Sea. This
situation creates a strong pressure on the water body
where Susurluk River discharges to the sea (WB1).
These pressure-impact assessments applied in
this study can be revised with the inclusion of the
results of 2014-2016 monitoring programme and the
sensitivity of the water bodies to the risk of
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2

used widely for improving water quality in different
aquaculture environments [1, 2]. Ammonia is one of
the most toxic substances produced by the intensive
fish farm in aquaculture ponds[3], especially the
unionized ammonia, which could affect at a low
concentration the growth of aquatic animals[4, 5],
food conversion efficiency[4, 6], and immunity[7],
and even result in the death of aquatic animals above
a certain threshold concentration [5, 6, 8], but the
effects of floating beds on ammonia changes in
aquaculture environments were still not clear.
Fortunately, some floating aquatic macrophytes such
as water hyacinth (Eichhornia crassipes),
duckweeds (Lemna sp.), and semi-aquatic tropical
plant water spinach (Ipomoea aquatica) have been
shown to be effective in removing nitrogen from
different kinds of municipal wastewater[9, 10], and
thus constructed wetlands [11, 12], biological
floating island [13] and bed [14-16]are increasingly
used worldwide to purify water, significantly
reducing the concentration of TN, NO3--N, NH4+-N,
TOC, DOC, CODcr, BOD5. The plant floating bed
system is an innovative variant of wetlands with
substrates-rooted plants and free-floating aquatic
plant systems, showing great promise for purifying
shallow eutrophic aquaculture ponds characterized
by low transparency. The plants could attain
nutrition directly from the water column with the
entire underwater surface of the plants serving as a
base for the attachment of microorganisms, thereby
facilitating the break-down of organic matters and
the entrapment of suspended solids. However, most
previous studies are focused on simulation or pilot
scale experiments in terms of the removal efficiency
of BOD5, CODcr, NH4+-N, TN, and TP from
municipal wastewater, aquaculture waste-water, or
lake water[2, 16-18], and inadequate attention has
been paid to the concentration of unionized
ammonia, pH , and dissolved oxygen (DO), the
ecological factors that are closely related to pond
aquaculture. To the best of our knowledge, few
reports have been published about the relationship
between floating beds and the concentration of
unionized ammonia and the ammonia-oxidizing
microorganism quantity in the rhizosphere of
floating plants in the aquaculture pond.
Ammonia oxidation is critical to global

ABSTRACT
Floating beds were used widely for improving
water quality in aquaculture environments, but its
effects on ammonia changes in aquaculture
environments were still not clear. In this study, the
Ipomoea aquatic floating beds were introduced into
2 intensive aquaculture ponds to investigate its effect
on ammonia dynamics, and 2 similar ponds set as
controls. Throughout the experiment, control ponds
were higher than the corresponding floating bed
ponds in ammonia concentration by 6.2 ~ 75.7 %,
and 12.4 ~ 43.2 %, respectively. The unionized
ammonia concentrations of the two control ponds
were 2.58 ~ 8.86-fold higher than that of the
corresponding experimental ponds. In the Ipomoea
aquatica fibrous roots, the amoA copy numbers of
ammonia-oxidizing bacteria (AOB) ranged from
(1.16 ± 0.01) × 105 to (2.33 ± 0.24) × 106 copy g-1,
and those of ammonia-oxidizing archaea (AOA)
ranged from (5.41 ± 0.25) × 103 to (3.82 ± 0.37) ×
104 copy g-1. The Ipomoea aquatica floating bed can
efficiently remove ammonia in intensive aquaculture
pond, especially can decrease the unionized
ammonia level and the unionized ammonia toxicity
to fish. It was assumed that the decrease of the
unionized ammonia level was resulted from the pH
decrease, which was contributed by the floating bed
through algal photosynthesis inhibition. High
richness of AOB and AOA in the Ipomoea aquatica
rhizosphere indicated that the rhizospheric
ammonia-oxidizing microorganisms played a vital
role in ammonia removal.

KEYWORDS:
Unionized ammonia, floating bed, ammonia-oxidizing
archaea, ammonia-oxidizing bacteria,aquaculture pond

INTRODUCTION
Freshwater aquaculture ponds cover an area of
2,566,860 ha in China (National Bureau of Statistics
of China 2013, http://www.stats.gov.cn/english/
statisticaldata/Quarterlydata/). Intensive aquaculture
led to serious water pollution, and floating beds were
2700
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Lu [31]. The qPCR of bacterial and archaeal amoA
gene was performed on a Qiagen Q thermocycler
(Qiagen, Germany) to estimate the abundance of
AOB and AOA, and the qPCR was conducted as
described by Lu[31].
On 3rd November , 3 blocks of 0.5 m2 (1 × 0.5
m) of Ipomoea aquatica were randomly selected
from each floating bed pond. Subsequently, the
fibrous roots were carefully collected and weighed,
and the whole pond fibrous root weight was
calculated according to the Ipomoea aquatica
coverage. Finally, the total amount of ammoniaoxidizing microorganisms of the Ipomoea aquatica
floating bed was determined by the amoA copies per
gram fibrous root and the total weight of pond
fibrous roots.

nitrogen cycling and is often thought to be driven
only by ammonia-oxidizing bacteria (AOB)[19, 20].
Until recently, molecular biological and lipid studies
demonstrated the potential of ammonia oxidation by
mesophilic crenarchaea[21-23], and increasing
evidence has shown that ammonia-oxidizing archaea
(AOA) can be detected in various habitats, such as
KRW » WKHUPDO VSULQJV [24], marine water columns
[21], sediments [25], estuaries[26], soils[27], and
rhizoplanes of aquatic macrophytes [28-30].
The main objective of the present study was to
evaluate the influence of floating beds on the water
quality of aquaculture ponds by examining variations of the unionized ammonia, pH, and DO, as well
as the quantitative distribution of AOA and AOB.

MATERIALS AND METHODS
RESULTS AND DISCUSSION
Freshwater aquaculture ponds and Ipomoea
aquatica floating beds. The experiment was
conducted in the Experimental Base of National
Technology System for Conventional Freshwater
,QGXVWULHV LQ *RQJ¶DQ +XEHL &KLQD without
involving any endangered or protected species. No
specific permission or collection of vertebrate was
required for the experiment. Four aquaculture ponds
with similar conditions (350 m in length × 20 m in
width) were selected and managed by two fish
farmers. The average depth of the ponds was about
1.5 m, in which grass carp, silver carp, bighead carp
and soft-shelled turtle were raised for commercial
use. 7KHWZRIDUPHU¶VPDQDJHPHQWZDVQRWWKHVDPH
way, but the two ponds under the same farmer¶V
management shared the same culture method (such
as feeding time, feeding frequency, et al.), except the
Ipomoea aquatic floating bed was set in one pond
(denoted as experiment pond), while the other pond
without floating bed (denoted as control pond). The
coverage of floating beds was about 7.5% of the total
area of the entire pond. Ipomoea aquatica was first
planted in the farmland, and then, at a plant height of
about 20cm, was transplanted into the floating beds.

FIGURE 1
Concentrations of ammonia in pond water
throughout the experiment. Floating bed pond I
and control pond I were managed by famer I,
and Floating bed pond II and control pond II
were managed by famer II. The Ipomoea
aquatica floating beds were set in floating bed
ponds with coverage of about 7.5%, and no
Ipomoea aquatica floating beds were set in
control ponds.
Effects of floating beds on pond hydration
index. Ammonia concentrations of pond water
throughout the experiment were shown in Fig.1.
Ammonia concentrations in ponds managed by
famer I (floating bed pond I and control pond I) were
much higher than that of managed by famer II,
indicating ammonia concentration was greatly
affected by culture method. Comparing between
ponds under the same culture method, the ammonia
concentration of control pond was obviously higher
than that of floating bed pond. Control pond I was
higher than floating bed pond I in ammonia
concentration by 6.2 (November)~75.7 % (August),
and Control pond II was higher than floating bed
pond II in ammonia concentration by 12.4
(November)~43.2 % (September).

Sample collection and hydration index
determination. The samples of water and fibrous
roots of Ipomoea aquatica were collected from the
four ponds on 22nd July, 22nd August, 22nd
September and 2nd November, respectively, except
for control pond II whose sample was not collected
on 22nd July. The samples were stored at 4 °C and
treated within 48h. DO, pH and NH4+-N concentrations were measured as the methods described by
Lu[31]. The unionized ammonia concentration was
calculated as the equation: unionized ammonia =
ammonia/[10 (pKa -pH) +1] [32].
DNA extraction and qPCR analysis of
bacterial and archaeal amoA. DNA of water and
fibrous roots samples was extracted as described by
2701
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were significantly lower than the control ponds in
unionized ammonia concentration (Two Related
Samples Nonparametric Test, p<0.05).

A

A

B
B

FIGURE 2
pH variation of pond water during a 24-hour
period. Floating bed pond I and control pond I
were managed by famer I, and Floating bed
pond II and control pond II were managed by
famer II. The Ipomoea aquatica floating beds
were set in floating bed ponds with coverage of
about 7.5%, and no Ipomoea aquatica floating
beds were set in control ponds.

FIGURE 3
Variation of unionized ammonia concentration
in pond water during a 24-hour period. Floating
bed pond I and control pond I were managed by
famer I, and Floating bed pond II and control
pond II were managed by famer II. The Ipomoea
aquatica floating beds were set in floating bed
ponds with coverage of about 7.5%, and no
Ipomoea aquatica floating beds were set in
control ponds.

The 24-hour variations of pH were determined
on the 3rd and 4th of November (Fig. 2). The pH of
the four ponds showed a similar circadian cycle, with
the highest pH value occurring between 13:00-14:00,
and the minimum pH value, between 8:00-9:00. The
pH value of the two floating bed ponds was
significantly lower than that of the control ponds
(Two Related Samples Nonparametric Test, p<0.05).
Furthermore, the pH fluctuation of experimental
ponds was more moderate, with control ponds I and
II varying from 7.72 to 8.68 and from 7.79 to 8.63,
and experimental ponds I and II, from 7.32 to 7.66
and from 7.42 to 7.92, respectively.
The daily variation of unionized ammonia
concentration is shown in Fig. 3. The minimum and
maximum unionized ammonia concentrations of all
the four ponds occurred between 8:00 - 9:00 and
13:00 - 14:00, respectively, with the concentrations
of the two control ponds being 2.58 ~ 8.86-fold and
2.60 ~ 5.14-fold those of the two treatments,
respectively. During the day, the unionized ammonia concentrations of the two treatments ranged from
0.012 to 0.028 mg l-1 and from 0.045 to 0.139 mg L1
respectively, while those for the controls, from
0.031 to 0.248 mg l-1 and from 0.117 to 0.714 mg L1
, respectively, indicating that the floating bed ponds

The daily variation of DO is shown in Fig. 4.
The minimum DO concentration of control pond I
occurred between 4:00-5:00 and that of the other
three ponds, between 8:00-9:00. The DO concentrations of control ponds I and II ranged from 8.56
to16.10 mg l-1 and from 7.79 to16.15 mg L-1, while
those of the floating bed ponds, from 2.86 to 8.89 and
from 4.54 to 9.77 mg L-1, respectively. The DO
concentrations of floating bed ponds were
significantly lower than those of the control ponds at
P<0.05 level (Two Related Samples Nonparametric
Test).
The contribution of floating bed to aquaculture
pond water quality restoration not only lies in the
decline of the ammonia concentration, but also in the
decrease of the unionized ammonia. Lines of
evidence showed that the toxicity of unionized
ammonia was 300 to 400 times higher than that of
ionic ammonia[33, 34], and unionized ammonia
could affect the growth, and even lead to the death,
of aquatic animals, at a low concentration. The safe
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TABLE 1
Copy numbers of AOA- and AOB-amoA on fibrous roots (copy g-1, mean ± SD) and
in pond water (copy mL-1, mean ± SD).
pond

AOA or AOB-amoA

July

August

September

November

floating bed pond I

fibrous roots AOB-amoA
fibrous roots AOA-amoA
water column AOB-amoA
water column AOB-amoA
fibrous roots AOB-amoA
fibrous roots AOA-amoA
water column AOB-amoA
water column AOB-amoA

(6.07 ± 1.60) × 105
( 7.73 ± 0.93) × 103
(3.44 ± 1.54) × 101
(3.19 ± 0.81) × 101
(2.23 ± 0.81) × 105
(1.28 ± 0.22) × 104
(1.67 ± 0.96) × 101

(1.16 ± 0.01) × 105
(1.09 ± 0.28) × 104
(2.53 ± 0.98) × 103
(1.37 ± 0.10) × 103
(2.33 ± 0.24) × 106
(3.82 ± 0.37) × 104
(2.47 ± 0.17) × 102
(1.42 ± 0.32) × 102

(7.39 ± 0.71) × 105
(5.41 ± 0.25) × 103
(2.52 ± 0.28) × 101
(4.54 ± 1.59) × 101
(3.05 ± 0.14) × 105
(5.91 ± 0.11) × 103
(3.28 ± 1.47) × 101
(1.57 ± 0.92) × 101

(1.17 ± 0.21) × 105
(2.45 ± 0.30) × 104
(3.62 ± 0.27) × 102
(4.05 ± 1.37) × 101
(6.42 ± 0.63) × 105
(7.17 ± 0.21) × 103
(2.19 ± 1.13) × 101
(1.85 ± 0.50) × 102

control pond I
floating bed pond II

control pond II

this study, the unionized ammonia concentrations of
floating beds I and II were found to be 0.012~0.028
mg L-1, and 0.031~0.248 mg L-1, respectively, with
floating bed pond II exceeding 0.10 mg L-1 only
between 13:00-16:00, and control pond II being
above 0.30 mg L-1 most of the time in sunny days.
Obviously, it does make sense to set floating beds in
aquaculture ponds as one possible powerful tool to
protect aquatic animals against unionized ammonia
toxicity.
It can be deduced from unionized ammonia =
ammonia / [10 (pKa -pH) +1] [32] that the decline of
unionized ammonia concentration in a floating bed
pond is mainly attributed to the pH decline.
Compared to the control ponds, the floating bed
ponds exhibited a relative pH stability and a
significantly lower pH value than the two control
ponds. Moreover, similar results were also obtained
by our research team in simulation and production
experiments over the past two years (unpublished
data). Pond pH values varied throughout the day due
to respiration and phytoplankton photo-synthesis,
and the pH increase is attributable to intense
photosynthesis
by
dense
algal
blooms±
phytoplankton or filamentous algae [38, 39]. In this
study, the significantly lower pH in the floating bed
ponds can also be assumed to be the result of the
algal growth inhibition, and the lower DO in floating
bed pond could also be the evidence of
photosynthesis inhibition.

A

B

FIGURE 4
Variation of DO concentration in pond water
during a 24-hour period. Floating bed pond I
and control pond I were managed by famer I,
and Floating bed pond II and control pond II
were managed by famer II. The Ipomoea
aquatica floating beds were set in floating bed
ponds with coverage of about 7.5%, and no
Ipomoea aquatica floating beds were set in
control ponds.

Evaluation of AOA and AOB amoA copy
numbers of Ipomoea aquatica fibrous roots and
pond water. As shown in Table 1, AOA-amoA
abundance in the fibrous roots ranged from (5.41 ±
0.25) × 103 to (3.82 ± 0.37) × 104 copy g-1, and AOBamoA abundance, from (1.16 ± 0.01) × 105 to (2.33
± 0.24) × 106 copy g-1 (fresh weight). AOB-amoA
abundance in the water column ranged from (1.57 ±
0.92) × 101 to (2.53 ± 0.98) × 103 copy g-1, but the
exact amount of water column AOA-amoA could not
be detected.
The main mechanisms of nitrogen nutrient
removal from wastewater are considered the
microbial processes such as nitrification and
denitrification [40], while the uptake of nitrogen into
the plant biomass is considered to be of minor

levels for aquatic animal growth are usually
extrapolated from LC50 data and are reported to
range from 0.05 to 0.2 mg L-1 unionized ammonia
[35,36], depending on species, age and environment
(oxygen concentration, pH). For example, the LOEC
(lowest-observable-effect concentration) values of
14 and 23 g turbot for normal growth were observed
to be 0.41 and 0.21 mg L-1 of unionized ammonia,
respectively, compared with 0.10 mg L-1 for 104 g
turbot[4]. The Atlantic cods with a mean initial
weight of 16.7 g were exposed to four concentrations
of unionized ammonia from 0.0005 mg L-1 (control)
to 0.17 mg l-1, for 96 days at 13ć, indicating that the
growth was significantly reduced at a unionized
ammonia concentration above 0.06 mg L-1 [37]. In
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importance from the technical viewpoint that
harvesting the biomass could only remove a little
nitrogen [41]. Owing to these relatively low levels of
nutrients, plant biomass is usually not harvested in
Europe [40]. Based on our team research, the
nitrogen directly taken by Ipomoea aquatica was
about 2.1 ~ 5.7% of the total nitrogen that was input
into the pond (data not published). In this study, in
order to stimulate the plant growth, the biomass
above the water level was harvested and used to feed
the grass carp in the pond about every two months,
and thus the nitrogen was not taken out of the pond
at all. However, when compared to the control
ponds, the floating beds could decline the
concentrations of ammonia in the aquaculture ponds
by 6.2 ~ 75.5%, and 12.4 ~ 43.2%, respectively,
indicating that the ammonia-oxidizing microorganisms of Ipomoea aquatica fibrous roots played
a vital role in ammonia removal.
The amount of AOB was greater than that of
AOA of Ipomoea aquatica fibrous roots, indicating
that AOB dominated the ammonia-oxidizing
microorganism communities, and a similar result
was obtained from eutrophic reservoir [29], although
different primers were used in quantifying AOA.
However, this finding was not consistent with a
previous study, in which, Herrmann et al. reported
that AOA was more prevalent than AOB in the
rhizosphere soil of L. uniflora [42]. Perhaps this
inconsistency was attributed to the environmental
difference of soil and water. Moreover, the
difference can also be attributed to the ecological
factor of oxygen, because the amount of AOA was
shown to be 10 times that of AOB in low-DO water
column of the ocean[26], and AOA mainly existed in
the system of low-DO activated sludge
bioreactors[43].

Fresenius Environmental Bulletin

Natural Science
2014CFB592).

Foundation

of

China

(No.

REFERENCES
[1] Zhang, Q., Achal, V., Xu, Y., Xiang, W.-N.
(2014). Aquaculture wastewater quality improvement by water spinach (Ipomoea aquatica
Forsskal) floating bed and ecological benefit
assessment in ecological agriculture district.
Aquacultural Engineering, 60, 48-55.
[2] Li, X.-N., Song, H.-L., Li, W., Lu, X.-W. and
Nishimura, O. (2010). An integrated ecological
floating-bed employing plant, freshwater clam
and biofilm carrier for purification of eutrophic
water. Ecological Engineering, 36, (4), 382390.
[3] Ziemann, D. A., Walsh, W. A., Saphore, E. G.,
Fulton-Bennett, K. (1992). A survey of water
quality characteristics of effluent from Hawaiian aquaculture facilities. Aquaculture, 23,
180-191.
[4] Person-Le Ruyet, J., Galland, R., Le Roux, A.,
Chartois, H. (1997). Chronic ammonia toxicity
in juvenile turbot (Scophthalmus maximus.
Aquaculture, 154, 155-171.
[5] Alderson, R. (1979). The effect of ammonia on
the growth of juvenile dover sole, solea solea
(L.) and turbot,scophthalmusmaximusf (L.).
Aquaclture, 17, 291-309.
[6] Foss, A., Evensen, T. H., Vollen, T., Oiestad, V.
(2003). Effects of chronic ammonia expo-sure
on growth and food conversion efficiency in
juvenile spotted wolffish. Aquaculture, 228,
215-224.
[7] Liu, C. H., Chen, J. C. (2004). Effect of
ammonia on the immune response of white
shrimp Litopenaeus vannamei and its
susceptibility to Vibrio alginolyticus. Fish &
Shellfish Immunology, 16, 321-334.
[8] Lemarie G, Dosdat A., Coves D, Dutto G,
Gasset E and Person-Le Ruyet J. (2004). Effect
of chronic ammonia exposure on growth of
European seabass (Dicentrarchus labrax)
juveniles. Aquaculture, 229, 479-491.
[9] Karpiscak, M. M., Foster, K. E., Hopf, S. B.,
Bancroft, J. M. and Warshall, P. J. (1994). Using
water hyacinth to treat municipal wastewater in
the desert southwest. Water Resource Bulletin,
30, 219-227.
[10] Sanjitt, S. K. J. (1995). Comparative study of
domestic wastewater treatment efficiencies
between facultative pond and water spinach
pond. Water Science and Technology, 32, 263270.
[11] Tilley, D.R., Badrinarayanan, H., Rosati, R.,
Son, J. (2002). Constructed wetlands as
recirculation filters in large-scale shrimp
aquaculture. Aquacultural Engineering, 26(2),

CONCLUSIONS
The Ipomoea aquatica floating bed can
efficiently remove ammonia in intensive aquaculture pond, especially can decrease the unionized
ammonia level and the unionized ammonia toxicity
to fish. It was assumed that the decrease of the
unionized ammonia level was resulted from the pH
decrease, which was contributed by the floating bed
through algal photosynthesis inhibition. High
richness of AOB and AOA were detected in the
Ipomoea aquatica rhizosphere, indicating the
rhizospheric ammonia-oxidizing microorganisms
played a vital role in ammonia removal.

ACKNOWLEDGEMENTS
This study was supported financially by the
Agro-scientific Research in the Public Interest
Project (No. 201203083), and Hubei Provincial
2704

© by PSP

Volume 26 ± No. 4/2017 pages 2700-2707

Fresenius Environmental Bulletin

Romanek, C. S., Wiegel, J., Dong, H. and
Zhang, C. L. (2011). Ammonia-oxidizing
Archaea in Kamchatka Hot Springs.
Geomicrobiology Journal, 28, (2), 149-159.
[25] Pitcher, A., Hopmans, E. C., Mosier, A. C.,
Park, S.-J., Rhee, S.-K., Francis, C. A.,
Schouten, S. and Damste, J. S. S. (2011). Core
and Intact Polar Glycerol Dibiphytanyl Glycerol
Tetraether Lipids of Ammonia-Oxidizing Archaea Enriched from Marine and Estuarine
Sediments. Applied And Environmental Microbiology, 77, (10), 3468-3477.
[26] Santoro, A. E., Francis, C. A., de Sieyes, N. R.,
Boehm, A. B. (2008). Shifts in the relative
abundance of ammonia-oxidizing bacteria and
archaea across physicochemical gradients in a
subterranean estuary. Environmental Microbiology, 10, 1068-1079.
[27] He, J., Shen, J., Zhang, L., Zhu, Y., Zheng, Y.,
Xu, M. and Di, H. (2007). Quantitative analyses
of the abundance and composition of ammoniaoxidizing bacteria and ammonia-oxidizing archaea of a Chinese upland red soil under longterm fertilization practices. Environmental Microbiology, 9, 2364-2374.
[28] Chen, X. P., Zhu, Y. G., Xia, Y., Shen, J. P. and
He, J. Z. (2008). Ammonia-oxidizing archaea:
important players in paddy rhizosphere soil ? .
Environmental Microbiology, 10, 1978-1987.
[29] Wei, B., Yu, X., Zhang, S., Gu, L. (2011).
Comparison of the community structures of
ammonia-oxidizing bacteria and archaea in
rhizoplanes of floating aquatic macrophytes.
Microbiological Research, 166, (6), 468-474.
[30] Glaser, K., Hackl, E., Inselsbacher, E., Strauss,
J., Wanek, W., Zechmeister-Boltenstern, S. and
Sessitsch, A. (2010). Dynamics of ammoniaoxidizing communities in barley-planted bulk
soil and rhizosphere following nitrate and
ammonium fertilizer amendment. Fems
Microbiology Ecology, 74, (3), 575-591.
[31] Lu, S., Liao, M., Zhang, M., Qi, P., Xie, C. and
He, X. (2012). A rapid DNA extraction method
for quantitative real-time PCR amplification
from fresh water sediment. Journal Of Food
Agriculture & Environment, 10, (3-4), 12521255.
[32] Emerson, K., Russo, R. C., Lund, R. E. (1975).
Thurston, R. V., Aqueous ammonia equilibrium calculations: effect of pH and
temperature. journal of the fisheries research
board of canada, 32, (12), 2379-2383.
[33] Thurston, R. V., Phillips, G. R., Russo, R. C.,
HS, M. (1981). Increased toxicity of ammonia
to rainbow trout (Sukrno gcrirotlaeri) resulting
from reduced concentrations of dissolved
oxygen. Canadian Journal of Fisheries and
Aquatic Sciences, 38, 983-988.
[34] Haywood, G. P. (1983). Ammonia toxicity in
teleost fish: a review. Canadian Technical

81-109.
[12] Vymazal, J. (2007). Removal of nutrients in
various types of constructed wetlands. Science
of the Total Environment, 380, 48-65.
[13] Zhao, F., Xi, S., Yang, X., Yang, W., Li, J., Gu,
B. and He, Z. (2012). Purifying eutrophic river
waters with integrated floating island systems.
Ecological Engineering, 40, 53-60.
[14] Zhu, L., Li, Z., Ketola, T. (2011). Biomass
accumulations and nutrient uptake of plants
cultivated on artificial floating beds in China's
rural area. Ecological Engineering, 37, (10),
1460-1466.
[15] Hu, G.-J., Zhou, M., Hou, H.-B., Zhu, X. and
Zhang, W.-H. (2010). An ecological floatingbed made from dredged lake sludge for
purification of eutrophic water. Ecological
Engineering, 36, (10), 1448-1458.
[16] Li, M., Wu, Y.-J., Yu, Z.-L., Sheng, G.-P. and
Yu, H.-Q. (2009). Enhanced nitrogen and phosphorus removal from eutrophic lake water by
Ipomoea aquatica with low-energy ion
implantation. Water Research, 43, 1247-1256.
[17] Li, W., Li, Z. (2009). In situ nutrient removal
from aquaculture wastewater by aquatic
vegetable Ipomoea aquatica on floating beds.
Water Science and Technology, 59, 1937-1943.
[18] Li, M., Wu, Y.-J., Yu, Z.-L., Sheng, G.-P. and
Yu, H.-Q. (2007). Nitrogen removal from
eutrophic water by floating-bed-grown water
spinach (Ipomoea aquatica Forsk.) with ion
implantation. Water Research, 41, 3152-3158.
[19] Rotthauwe, J. H., Witzel, K. P., Liesack, W.
(1997). The ammonia monooxygenase structural gene amoA as a functional marker:
Molecular fine-scale analysis of natural
ammonia-oxidizing populations. Applied and
Environmental Microbiology, 63, 4704-4712.
[20] Kowalchuk, G. A., Stephen, J. R. (2001).
Ammonia-oxidizing bacteria: a model for
molecular microbial ecology. Annual review of
microbiology, 55, 485-529.
[21] Francis, C. A., Roberts, K. J., Beman, J. M.,
Santoro, A. E. and Oakley, B. B. (2005).
Ubiquity and diversity of ammonia-oxidizing
archaea in water columns and sediments of the
ocean. Proceedings of the National Academy of
Sciences of the United States of America, 102,
14683-14688.
[22] Könneke, M., Bernhard, A. E., de la Torre, J. R.,
Walker, C. B., Waterbury, J. B. and Stahl, D. A.
(2005). Isolation of an autotrophic ammonia oxidizing marine archaeon. Nature, 437, 543546.
[23] Leininger, S., Urich, T., Schloter, M., Schwark,
L., Qi, J., Nicol, G. W., Prosser, J. I., Schuster,
S. C. and Schleper, C. (2006). Archaea predominate among ammonia-oxidizing prokaryotes in soils. Nature, 442, 806-809.
[24] Zhao, W., Song, Z., Jiang, H., Li, W., Mou, X.,
2705

© by PSP

Volume 26 ± No. 4/2017 pages 2700-2707

Report of Fisheries and Aquatic Sciences, 1177,
1-35.
[35] Ruffier, P. J., Boyle, W. C., Kleinschmidt, J. K.
(1981). Short-term acute bioassays to evaluate
ammonia toxicity and effluents standards.
Journal of the Water Pollution Control
Federation, 53, 367-377.
[36] Handy, R. D., Poxton, M. G. (1993). Nitrogen
pollution in mariculture: toxicity and excretion
of nitrogenous compounds by marine fish.
Reviews in Fish Biology and Fisheries, 3, 205241.
[37] Foss, A., Siikavuopio, S. I., B-S., S., Evensen,
T. H. (2004). Effect of chronic ammonia exposure on growth in juvenile Atlantic cod. Aquaculture, 237, 179-189.
[38] Wurts, W. A., Durborow, R. M. (1992). Interactions of pH, Carbon Dioxide, Alkalinity and
Hardness in Fish Ponds. SRAC Publication, 464,
1-4.
[39] Guo, Y., Liu, Y., Zeng, G., Hu, X., Li, X.,
Huang, D., Liu, Y. and Yin, Y. (2014). A
restoration-promoting integrated floating bed
and its experimental performance in
eutrophication remediation. Journal Of Environmental Sciences-China, 26, (5), 1090-1098.
[40] Stottmeister, U., Wiessner, A., Kuschk, P.,
Kappelmeyer, U., Kaestner, M., O.Bederski, R.
A. and Muller, H. M. (2003). Effects of plants
and microorganisms in constructed wetlands for
wastewater treatment. Biotechnology Advances,
22, 93-117.
[41] Tanner, C. C. (1996). Plants for constructed
wetland treatment systems- a comparison of the
growth and nutrient uptake of eight emergent
species. Ecological Engineering, 7, 59-83.
[42] Herrmann, M., Saunders, A. M., Schramm, A.
(2008). Archaea dominate the ammoniaoxidizing community in the rhizosphere of the
freshwater macrophyte Littorella uniflora.
Applied and Environmental Microbiology, 74,
3279-3283.
[43] Park, H. D., Wells, G. F., Bae, H., Criddle, C. S.
and Francis, C. A. (2006). Occurrence of
ammonia-oxidizing archaea in wastewater
treatment plant bioreactors. Applied and Environmental Microbiology, 72, 5643-5647.

Fresenius Environmental Bulletin

Received:
Accepted:

03.08.2016
27.02.2017

CORRESPONDING AUTHOR
Mingjun Liao
College of Resources and Environmental
engineering, Hubei University of Technology,
Wuhan, China, 430068
e-mail: lmj1112@163.com

2706

© by PSP

Volume 26 ± No. 4/2017 pages 2707-2713

Fresenius Environmental Bulletin

02',),&$7,21$1'$33/,&$7,212)7+(6:$702'(/
726,08/$7,21&523*52:7+,1=+82=+$1*5,9(5
%$6,1
+DQ6L +XDIHQ<X%RGRQJ)HQJ*XRMXQ+X-LDQELQJ*XR
7KH6HFRQG6XUYH\LQJDQG0DSSLQJ,QVWLWXWHRI=KHMLDQJ3URYLQFH+DQJ]KRX&KLQD

for crop growth. Wang et al. [16] using the adapted
SWAT model on Yangshudang watershed to analyze
the ET for paddy field with different irrigation regimes. SWAT adopts EPIC model to simulate crop
growth. Some research developed crop water consumption calculation module, irrigation water
movement module, and yield simulation module in
SWAT model, according to different crop growth
characteristics and area [17-19]. However, it still has
some inadaptability due to different sensibility for
water deficit in each crop growth stage.
The objectives of this research were: (1) to
descript the crop growth simulation in SWAT model
and modify calculation method of crop yield and (2)
to build the model in Zhuozhang River Basin and
evaluate its applicability.

ABSTRACT
SWAT adopts EPIC model to simulate crop
growth, without considering different sensibility for
water deficit in each crop growth stages. This research modified calculation method of crop yield, on
the basis of SWAT model considering temperature
as one of the most important factors of controlling
crop growth. Based on the source model calculating
potential yield, the formula set phase relative
evapotranspiration as variable and this method
divided the growth stage through the fraction of
accumulated heat units for considering different
sensibility for water deficit on each stage. The modified SWAT model was simulated in Zhuozhang
River Basin. The determination coefficient R2 and
Nash-Sutcliffe coefficient Ens of ET data from 2003
to 2004 were 0.88 and 0.87 respectively. The simulation yield followed a similar trend as the actual yield
and showed high determination coefficient R2 and
Nash-Sutcliffe coefficient Ens values.

MATERIALS AND METHODS
Model Description. SWAT is a semi-distributed hydrological model, which was developed by
Dr. Jeff Arnold and other researchers in USDA
(United States Department of Agriculture) Agricultural Research Service [20]. As a dynamic simulation model, SWAT can be used to simulate runoff
and sediment discharge, vegetation growth on a daily
time step for quantizing the impact of land management practices on chemical loadings, crop yields and
evapotranspiration [21, 22].

KEYWORDS:
SWAT, crop growth, Zhuozhang River Basin, modification, evapotranspiration

INTRODUCTION
Soil and Water Assessment Tool (SWAT) is a
river basin scale model developed to simulate material cycle process, which taking the specific
meteorological data, soil, topography, land use and
land management as the basic input condition [1-5].
This model has physical mechanism and is not
synthesized simply by regression equations [6, 7].
SWAT is a proven tool for hydrological modeling, which was mainly applied in runoff simulation
and non-point source pollution [8-10]. While for
crop growth simulation, few studies have been carried out on crop growth yield and evapotranspiration
research [11-14]. Cai et al. [15] applied remote
sensing derived ET to validate the monthly
evapotranspiration (ET) simulated by using SWAT
in the Zhangweinan River basin and calibrated
agricultural management practices and parameters

(1) Water balance equation. Water balance
equation, as the basic driving force of SWAT model,
is as follows:
t

swt

sw0  ¦ ( Rd  Qs  E a  Ws  Qw )  
i 1

Where swt is the final soil water content (mm), sw0
is the initial soil water content on day i (mm), t is the
time (d), R is the precipitation on day i (mm), Qs is
the surface runoff on day i (mm), E is the
evapotranspiration on day i (mm), W is the water
entering the vadose zone from the soil profile on day
i (mm), Q is the return flow on day i (mm).
d

a

s

w

(2) Evapotranspiration. Evapotranspiration is
considered to be the process of converting surface
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demand at the upper boundary of the soil layer (mm),
esco is the soil evaporation compensation coefficient.
In addition to limiting the amount of water removed by evaporation in dry conditions, SWAT defines a maximum value of water that can be removed
at any time. This maximum value is 80% of the
vegetation available water on a given day where the
vegetation available water is defined as the total water content of the soil layer minus the water content
of the soil layer at wilting point.
"
'
Esly
min[ Esly
 SWly  WPly )]  
' ,0.8˄

water into water vapor in the model, including water
evaporation, transpiration, sublimation of canopy
interception and soil water evaporation. Evapotranspiration is the primary approach of vegetation
water consumption and water transferring from local
watershed. Evaluating evapotranspiration accurately
is crucial for estimating water resources and
simulating vegetation growth.
SWAT model offers three methods for
calculating potential evapotranspiration (PET):
Penman-Monteith, Priestley-Taylor and Hargreaves.
Penman-Monteith was selected in this research,
which required precipitation, solar radiation,
temperature, relative humidity and wind speed
values.
Actual Evapotranspiration (ET), also considered as crop water requirement, can be calculated
based on PET, which is the sum of vegetation transpiration and soil evaporation. SWAT model first
calculates evaporation of intercepted rainfall. The
rest evaporation water demand was collected from
vegetation and soil.
Actual vegetation transpiration is related to soil
moisture absorption due to lack of available water in
the soil profile. Soil actual moisture absorption is
calculated with the following formula:
Wau ,ly min[Wup,ly , ( SWly  WPly )]  

"
sly

Where E is the amount of water removed from

layer ly by evaporation (mm),   is the evaporative
demand for layer ly adjusted for water content (mm).
(3) Vegetation growth. SWAT adopts EPIC
model to simulate crop growth, which consider the
temperature as main control condition, and calculate
nutrition transportation, crop growth and yield.
Temperature is one of the most important factors of controlling crop growth. For each crop, any
growth will occur only when its basic temperature
has been reached. Above the basic temperature, the
higher the temperature, the more rapid the growth
rate of the crop. However, crop growth rate begin to
slow when its optimum temperature is exceed. The
heat unit theory postulates that crop heat requirement
can be quantified and linked to time to maturity. The
heat unit accumulation for a given day and the total
number of heat units required for a crop to reach maturity are calculated by equations as follows:

HU Tav  Tbase
Tav ! Tbase

Where Wau,ly is the actual water uptake for layer ly
(mm), W is the potential water uptake adjusted for
initial soil water content (mm), calculated by the
amount of water in the soil layer on a given day (mm),
the available water capacity for layer ly (mm) and
the potential water uptake for layer ly (mm). SW is
the amount of water in the soil layer on a given day
(mm), WP is the water content of layer ly at wilting
point (mm). The total water uptake for the day,
which is actual vegetation transpiration, is calculated:
n
 
up ,ly

ly

¦ HU
d 1

Where HU is the number of heat units accumulated
on a given day, T is the mean daily temperature
(°C), T is the base temperature for growth (°C),
PHU is the total potential heat units for the crop.
SWAT first calculates the potential crop
growth, crop growth under ideal growing conditions.
Ideal growing conditions consists of sufficient water,
nutrient and favorable climate. Differences in
growth between crop species are defined by the parameters contained in the crop growth database. The
fraction of potential heat units accumulated by a
given day is calculated:
av

¦Wau,ly

Wau

(7)

m

PHU

ly

Et ,act
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base

ly 1

Et ,act

is the actual vegetation transpiration for
Where
the day (mm), Wau is the total water uptake for the
day (mm), n is the number of layers in the soil profile.
When an evaporation demand for soil water exists, SWAT first partition the evaporative demand
between the different layers. The amount of evaporative demand for a soil layer is determined by taking
the difference between the evaporative demands
calculated at the upper and lower boundaries of the
soil layer. When actual evapotranspiration declining
due to the inability of another layer to meet its
evaporative demand, a coefficient has been incorporated into equation to allow the user to modify the
depth distribution used to meet the soil evaporative
demand.

Esly Eszl  Eszu  esco

d

¦ HU
frPHU ,i

(8)

i

i 1

PHU

Where frPHU ,i is the fraction of potential heat units
accumulated for the crop on day d. According to
meteorological data, crop database and user defined,
SWAT calculates total biomass bio , canopy height hc
and leaf area index LAI under ideal condition. When
fr
reaches 1, crops are ripe. SWAT calculates potential harvest index on day i HI i and ideal crop yield
yld based on fr
and bio .
Crop growth will be limited due to temperature
PHU

Esly

Where
is the evaporative demand for layer ly
(mm), E is the evaporative demand at the lower
boundary of the soil layer (mm), E is the evaporative
szl

PHU ,i

szu
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mj

or lack of water and nutrient. Water stress is simulated through comparing actual and potential evapotranspiration.
E
W  
1

Wst

t , act

Et ,max

1

Etj
E0 j

¦E

(14)
0

(15)
When j is 1, m 1. Crop has different sensibility for
water deficit on each stage, which is indicated by water deficiency sensitive index O j in Jensen model. In
the source model, SWAT calculates crop yields with
considering water stress Wst and water shortage factor J wu , which are calculated by comparing actual
evapotranspiration and potential evapotranspiration
in the whole stage. Based on the source SWAT
model, this research first calculate the maximum
yield Ym without water pressure, Wst is equal to 0 and
J wu is equal to 1. Then the final actual yield Y is
calculated as follows.
i m j 1

j 1

Et ,max

Et ,max

Where J is crop growth factor. Wst , T , N st , P are
water stress, temperature stress, nitrogen pres-sure
and phosphorus stress respectively. Therefore, actual
growth of total biomass and leaf area index on a
given day need to be adjusted. Actual harvest index
HI act
is also affected by water shortage factor J wu .
 
reg

st

st

a

N

Ya

m

Ym  (

Etj
E0 j

)

Oj

(16)
Based on the source model calculating potential yield, this method divided the growth stage
through the fraction of accumulated heat units for
considering different sensibility for water deficit on
each stage.
i 1

t

i 1
m

¦E

t

mj

Where
is water stress,
is the maximum
transpiration on a given day. Then crop growth
factor, the proportion of crop growth in potential
crop growth, is calculated as follows.
J reg 1  max(Wst , Tst , N st , Pst )  

J wu

¦E

i m j 1

au

Wst

¦E
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0

i 1

Where E t is the actual evapotranspiration, E 0 is the
potential evapotranspiration, m is the harvesting date.
Model Modification. The vegetation growth
module in SWAT model simulates crop yields without considering the sensibility for water deficit in
different crop growth stages. This model cannot
simulate accurately the influence of different irrigation regimes on crop yields due to take one growth
cycle as a whole stage.
This research modified calculation method of
crop yield, on the basis of SWAT model considering
temperature as one of the most important factors of
controlling crop growth. The principle stated below.
For one crop, the whole growth cycle was divided into N stages, from stage1 to stage N. Taking
Jensen model as theoretical basis, the formula, setting phase relative evapotranspiration as variable,
are as follows [23, 24].
N

Ya
Ym

Etj

(E

)

Oj

0j
(12)
Where N is the number of stages, O j is the water
defiFLHQF\VHQVLWLYHLQGH[RQVWDJHM M «1 
Y
is crop actual yield, Y is crop potential yield, E
is actual evapotranspiration on stage j, E is potential
evapotranspiration on stage j.
Stage node partition is calculated by the fraction of accumulated potential heat units for the crop
frPHU ,i
. Since the date of seeding, frPHU ,i increases with
the crop growth days i. When fr reaches 1, crops
are ripe. The fraction of heat units crop needed in
each growth stage is x . When fr is equal to x , the
crop growth days i is calculated as follows.
i= m  m  m
(13)
Where m is the harvesting date. Then the actual
evapotranspiration E and potential evapotranspiration E on stage j are calculated as follows.
i 1

m

a

tj

0j

),*85(
0DMRUODQGXVHVLQVWXG\DUHD

RESULTS AND DISCUSSION

PHU ,i

j

j

PHU ,i

j

Study Area. Zhuozhang river basin is located
in the southeast of Shanxi province, China. This area
belongs to the warm temperate zone continental
monsoon climate, the climate is mild and the sunshine is sufficient. Annual mean temperature vary
from 7.9Υ to 10.3Υ. The average frost-free period
is 166 days. The average annual precipitation is

j

tj

0j
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other final parameter values are presented in Table 2
[27].

562.0 mm, mainly focused on June to September.
The grain yields of winter wheat and summer maize,
widely cultivated crops in Zhuozhang river basin,
have great relation with irrigation due to a mismatch
between precipitation and the water requirement [25,
26].
7$%/(
/DQGXVHFODVVHVLQVWXG\DUHD
Code
FRSD
FRS2
PAST
AGRR
URBN
WATR

Full name
Forest-deciduous
Shrubwood
Grassland
Cultivated land
Residential area
Water

Percentage (%)
9.23
11.2
36.38
37.18
5.28
0.74

),*85(
/HDIDUHDLQGH[DVDIXQFWLRQRIIUDFWLRQRI
JURZLQJVHDVRQ

Data Preparation for the Model. The SWAT
model requires input on DEM, land use, soil and
meteorological data. The land use map (1:250000)
was obtained from Data Sharing Infrastructure of
Earth System Science (Fig.1). The land use was
divided into 6 types, as seen from Table 1, and
AGRR was the main land use type accounting for
37.18% of the total land area.
It is necessary to set the main crop growth
parameter values according to the practical situation
in North China due to their significantly influence on
crop evapotranspiration and yield. The model adopts
potential heat units (PHU) - leaf area index curve to
simulate crop growth. The main parameters were
shown in Fig. 2 which including fraction of the crop
growing season (FRGRW1) and fraction of the
maximum leaf area index (LAIMX1) corresponding
to the first point on the curve, fraction of the crop
growing season (FRGRW2) and fraction of the
maximum leaf area index (LAIMX2) corresponding
to the second point on the curve, fraction of growing
season when leaf area begins to decline (DLAI),
maximum potential leaf area index (BLAI) and base
temperature for crop growth (T_BASE). The remaining crop growth parameters adopted default
values. Winter wheat-summer maize rotation was
the main cropping system in Zhuozhang River Basin.
The T_BASE of winter wheat is equal to 0Υbecause
of wheat seedlings stopping tillering when the
temperature drops below zero, while the T_BASE of
summer maize in North China is equal to 10Υ. The

Users can define the growth process of each
crop through setting up seeding, irrigation regime
and harvesting. Winter wheat was generally seeded
on early October, and harvested on the first ten days
of June next year. Summer maize was generally inter-planted before harvesting winter wheat 5 to 7
days, and harvested on the last ten days of September.
According to the field investigation and collected
data, the irrigation regime was set up as follows.
Winter wheat was irrigated four times during the
whole growing season, which respectively happened
on seeding-jointing stage (SJ) (from the first ten days
of October to the middle ten days of March),
jointing-heading stage (JH) (from the last ten days of
March to the first ten days of May), headingflowering stage (HF) (the middle ten days of May)
and filling-ripening stage (FR) (from the middle ten
days of May to the first ten days of June). Summer
maize was irrigated two to three times during the
whole growing season, which respectively happened
on seedling stage (SS) (from the first ten days to the
last ten days of June), jointing stage (JS) (from the
first ten days to the middle days of July), heading
stage (HS) (from the last ten days of July to the middle days of August) and filling stage (FS) (from the
last days of August to the last days of September).The actual irrigation regimes vary due to different precipitation in each year. Water deficiency
sensitive indexes of each stage were shown in Table
3.

7$%/(
&URSSDUDPHWHUYDOXHVEXLOWLQWR6:$7PRGHO
Winter wheat
Summer maize

BLAI

FRGRW1

LAIMX1

FRGRW2

LAIMX2

DLAI

4.98
4.13

0.25
0.25

0.14
0.05

0.45
0.55

0.61
0.85

0.52
0.90

7$%/(
Water deficiency sensitive indexes on each stage of crops
Growing stage
Ȝi

SJ
0.02

Winter wheat
JH
HF
0.28
0.35

FR
0.33



SS
0.08

Summer maize
JS
HS
0.31
0.33

FS
0.18
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7$%/(
&DOLEUDWLRQUHVXOWVRIVHQVLWLYHSDUDPHWHUV
Parameter
SOLBAWC
ESCO
EPCO
CANMX

Definition
Available water capacity of the soil layer
Soil evaporation compensation factor
Plant water uptake compensation factor
Maximum canopy storage

Min. value
0
0
0

Max. value
1
1
1

Calibrated value
0.147~0.175
0.75
0.97
5

),*85(
&RPSDULVRQRIVLPXODWLRQ(7GDWDDQGUHPRWHVHQVLQJPRQLWRULQJ(7GDWD

The whole values were satisfactory for the requirements of simulation. Overall, the yield verification
results were reasonable, and the modified model
could simulate crop growth well.

ET Simulation Results. Through comparing
the ET data, we calibrated the sensitive parameters
for crop growth firstly. According to the remote
sensing monitoring ET data from 2003 to 2004, this
research adjusted repeatedly the parameters and the
calibration results were presented in Table 4.
The comparison results of simulation ET data
and remote sensing monitoring ET data from 2003
to 2004 were shown in Fig.3. The determination
coefficient R2 and Nash-Sutcliffe coefficient Ens
were 0.88 and 0.87 respectively. The simulation ET
data had basically the same changing processes as
remote sensing monitoring ET, which met the
requirements of simulation. ET data was presented
³0´ FXUYH JHQHUDOO\ KDG two peak values in May
and August respectively, which was mainly affected
by crop growth periods. May and August were the
most vigorous growing stages of winter wheat and
summer maize, respectively, and had the high ET
data.

CONCLUSIONS
SWAT adopts EPIC model to simulate crop
growth, which consider the temperature as main control condition, and calculate crop growth and yield,
without considering the sensibility for water deficit
in different crop growth stages. This research modified calculation method of crop yield, on the basis of
SWAT model considering temperature as one of the
most important factors of controlling crop growth.
Taking Jensen model as theoretical basis, the formula set phase relative evapotranspiration as variable. Based on the source model calculating potential
yield, this method divided the growth stage through
the fraction of accumulated heat units for considering different sensibility for water deficit on each
stage. The modified SWAT model was simulated in
Zhuozhang River Basin. The determination coefficient R2 and Nash-Sutcliffe coefficient Ens of ET
data from 2003 to 2004 were 0.88 and 0.87 respectively. The simulation yield followed a similar trend
as the actual yield and showed high determination
coefficient R2 and Nash-Sutcliffe coefficient Ens
values.

Yield Simulation Results. This research collected the yield data on statistical yearbook from
2000 to 2009. The comparison results of actual yield
data and simulation yield data were presented in
Fig.4. The simulation yield followed a similar trend
as the actual yield. For winter wheat, the determination coefficients R2 varied from 0.75 to 0.93, and
Nash-Sutcliffe coefficients Ens varied from 0.68 to
0.89. While for summer maize, the determination
coefficients R2 varied from 0.79 to 0.94, and NashSutcliffe coefficients Ens varied from 0.70 to 0.91.
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RESPONSE SURFACE METHODOLOGY BASED
OPTIMIZATION OF WASTE COOKING OIL BIODIESEL
WITH DIESEL ENGINE FOR DECREASE OF EXHAUST
EMISSIONS FROM AIR POLLUTANT ELEMENTS
Hulya Karabas*
Sakarya University, Department of Environmental Engineering, 54187, Sakarya, TURKEY

air which have an adverse effect on human beings,
vegetation, animals and buildings besides air
SROOXWDQWV FKDQJH HDUWK¶V FOLPDWH Rapid industrial
development, increasing vehicle use, and inadequate
enforcement of emissions standards have led to poor
air quality in urban centers. This damage is
particularly associated with the use of coal and, to a
lesser degree, with petroleum-based energy. Sources
of air pollution include: transportation vehicles such
as automobiles, tractors, heat and power generation,
industrial processes, and the burning of solid waste.
The combustion of gasoline and other fossil fuels in
motors produce the most common pollutants,
nitrogen oxides, hydrocarbons, and carbon
monoxide global warming. Safety and cleaning
procedures should be implemented to reduce
pollution in the world [1-3].
Renewable fuel sources such as biodiesel and
ethanol can play a prominent role in reducing
greenhouse gases and other potentially hazardous
emission related to fossil fuels. In the 1930's and
1940's, vegetable oils were used as diesel fuel
substitutes on a short term or emergency condition.
Engine tests show that most of the problem
associated with the use of vegetable oil in diesel
engine are directly related to its high viscosity. High
viscosity oil leads to poor atomization of the fuel,
incomplete combustion and carbonation of the
injectors [4, 5].
Biodiesel are potential participant to solving the
energy and ecological problem. Biodiesel is a
renewable and biodegradable biofuel obtained by
chemical processes from vegetable oils or animal
fats and an alcohol that can be used in diesel engines,
alone or blended with diesel fuel. The use of edible
vegetable oils for biodiesel production has recently
been of great concern because they compete with
food versus energy dispute [6, 7]. Unfortunately,
biodiesel costs as much to produce as diesel fuel due
to the vegetable oil being more expensive than
petroleum as a raw material for fuels. Since cost is
the main concern in biodiesel production the use of
non-edible vegetable oils and waste cooking oil have
been studied for several years with good results.
Waste cooking oil (WCO) causes severe

ABSTRACT
The experimental study has been performed on
diesel engine using waste cooking oil biodiesel
(WCOB) for engine performance and exhaust
emission parameters optimization using Response
Surface Methodology (RSM) and desirability
function. Biodiesel has been prepared using waste
cooking oil (WCO) which is collected from local
restaurant and compared with No.2 diesel fuel. An
experimental investigation to evaluate the performance and exhaust emissions of a diesel engine.
The studies were performed on single-cylinder,
four-stroke, water cooled, direct injection diesel
engine. In this study it was aimed to optimize using
RSM, performance parameter (responses) (brake
torque) and exhaust emissions hydrocarbons (HC),
carbon monoxide (CO), nitrogen oxide (NOx) and
smoke a diesel engine which operates with WCOBdiesel blends of 0%, 30%, and 60%. The engine tests
were conducted at increasing engine speeds from
1400 rpm to 2200 rpm and under full load. It was
assignment the value of two factors which affect the
responses by desirability function. An engine speed
of 1909 rpm and a blend of 48% biodiesel were
found to be optimal values. The results of this study
revealed that at optimal responses, the values of the
brake torque, and HC, CO, NOx and smoke were
found to be 49.96 Nm, 6.92 ppm, 0.1582%, 2151.74
ppm and 56.87% respectively, with a desirability
value of 0.915. The performance parameter was
identified to be very close to diesel fuel. The
emissions except for NOx such as HC, CO and smoke
were found to be lesser in quantity than diesel fuel.

KEYWORDS:
Response surface method, desirability approach, optimization, waste cooking oil, biodiesel, exhaust emissions

INTRODUCTION
Air pollution is the occurrence or addition of
foreign particles, gases and other pollutants into the
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were obtained: The catalytic converter reduces the
emissions of hydrocarbons as well as the emissions
of carbon monoxide.
The purpose of this article is to provide a survey
of the various stages in the development of RSM.
This method has been operated to optimize of the
brake torque and emission constituents withstand
various WCOB-diesel blends percentage and engine
speeds. In this study, the optimum values for the
parameters of RSM and desirability approach were
found, and then the performances of this method
were thoroughly evaluated.

environmental problems. The oil which reaches the
water sources increases its organic pollution load, to
form layers on the water surface to prevent the
oxygen exchange and alters the ecosystem. The
dumping of the oil also causes problems in the pipes
drain obstructing them and creating odors and
increasing the cost of waste water treatment. For this
reason, has been necessary to create a way to recover
this oil and reuse it. WCO in biodiesel production in
terms of economic value has advantages such as:
preventing the illegal and unhealthy places, being
equipment for the fight against global warming.
WCO will cause continuous production in biodiesel
industry [8, 9].
In order to establish the optimum fuel
production, engine performance or exhaust
emissions on engine operating parameters, design of
experiments techniques, namely Response surface
methodology (RSM), Taguchi method, gray
relational analysis and factorial design can be used.
RSM is a collection of mathematical and statistical
techniques for empirical model building. RSM is
advantageous over the other methods because it
provides a high level of information with fewer
experiments and less data [10, 11].
Some researches are made in all over the world
for using waste oil for biodiesel production. Hirkude
and Padalkar [12] studied the effect of optimize
waste fried oil methyl ester-diesel blends on diesel
engine with respect to brake power, fuel economy
and smoke emissions through experimental
investigation and response surface methodology.
Optimization of compression ratio and injection
system parameters was performed using the
desirability approach of the RSM for superior
performance and lesser smoke emissions. Pandian et
al. [13] investigated the effect of injection system
parameters on performance and emission
characteristics of a twin cylinder compression
ignition, direct injection (DI) engine fuelled with
pongamia biodiesel±diesel blend using RSM. The
results demonstrated carbon monoxide, hydrocarbon
and smoke opacity were lesser than that of diesel
fuel. Singh and Singh [14] has been done to study the
production of biodiesel, optimization of performance
and emission parameters of waste cooking biodiesel.
The studies were performed on single cylinder, fourstroke, water cooed, direct injection kirloskar diesel
engine. The performance parameters were identified
to be very close to mineral diesel. The emission like
carbon monoxide, nitric oxide and hydrocarbons
were found to be lesser in quantity than commercial
diesel. Krahl et al. [15] studied fossil diesel fuel and
rape seed oil methyl ester biodiesel are compared
with regard to exhaust gas emissions and their effects
on human health and the environment. Tests were
carried out using an agricultural tractor and a test
engine. All tests were carried out with and without
oxidation catalytic converter. Concerning the
gaseous regulated compounds, the following results

MATERIALS AND METHODS
Waste cooking oil was provided from local
restaurants. Dry methanol (Labkim) and potassium
hydroxide (Merck) was used for transesterification.
Transesterification proses were completed in
BUCHI rotary vacuum evaporator (R-210).
Produced methyl ester centrifuged by NUVE NF400
centrifugal machine. No.2 diesel fuel was purchased
from the local petrol station (Sakarya, Turkey).
First of all WCO was filtered and then fatty acid
composition was determined by Gas Chromatograph
(GC) analysis. Alkali catalyzed transesterification
was preferred this study because the waste cooking
oil FFA has less then 2%. Transesterification process
was performed equipped with rotary vacuum
evaporator. Optimal reaction conditions were
determined as 1:8 molar ratio of methyl alcohol to
oil, 50 oC reaction temperature, 1% KOH catalyst
concentration resulted in a 98% methyl ester content
of the product in 80 minute reaction time. Mixing
alcohol/catalyst to add it to the evaporator flask
which contains the oil at the temperature of the
transesterification reaction. Completed reaction, the
product was poured into the separation funnels and
let a minimum time of 8 hours, to ensure good
separation of the phases. Once separate the glycerin
from biodiesel, it was carried out the washing on the
funnels. Separate the glycerin, the biodiesel must be
washed warm pure water because that may contain
residues of catalyst, methanol, glycerides and soaps
without reacting. Finally the vacuum pump was used
in order to separate exceed alcohol and water in to
biodiesel. WCOB was analysed at the Fuel Research
Laboratory of the Marmara Research Centre of
TUBITAK (The Scientific and Technological
Research Council of Turkey).
Single-cylinder, four stroke, natural aspirated,
and water cooled direct injection diesel engine which
is connected to the hydraulic dynamometer, these all
have constituted the experimental set up. The fuel
consumption was measured by an electronic
controlled balance. Engine tests with WCOB blends
of 0%, 30% and 60% on a mass base. At each
operating condition, the dynamometer load, speed,
fuel and air flow rates were recorded after allowing
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represents the response at the center of the
experiments where all the variables are zero (at
coded form); ߚ ߚ andߚ also show the linear,
quadratic, and linear-by-linear interaction effects of
the parameters, respectively. By applying the least
squares technique and multiple linear regression
analysis, all these coefficients can be found, and then
performing a complete ANOVA. Finalized response
models are then synthesized graphically so as to fully
analyze the parametric effect of each parameter on
process output(s), and by using suitable optimization
strategy, optimal input variables can be found
leading to a desired process performance.

sufficient time for the engine to stabilize,
The set-up was used for the measurement of
brake torque. The engine speed (rpm) was measured
by electronic digital counter. Exhaust gases such as
carbon monoxide (CO), hydrocarbons (HC) and
nitrogen oxides (NOx) were produced by diesel
engine measured by exhaust gas analyzer (MRU
Delta 1600L), smoke was measured using (%ø/6$
Mode 5000) smoke meter. Figure 1 shows the
experimental test set-up and the technical
specification of the engine is given in Table 1.

Desirability approach. The real-life problems
require optimization with the multiple responses of
interest. Techniques like overlaying the contour plots
for each response, constrained optimization
problems and desirability approach are being used.
Among them, desirability approach is found to have
benefits like simplicity, availability in the software
and flexibility in weighting and giving importance
for individual response [18]. In this study, response
surface methodology based desirability approach is
used for the optimization of factors (type of fuel and
engine speed) for the measured properties of
responses (brake torque, HC, CO, NOx, and smoke
emissions).
The responses are transformed to 0 to 1 scale by
desirability function. This transformed response,
called di, can have many different values. Scale of 0
represents a completely undesirable response and 1
represents the most desirable response. Desirability
function is described three different ways. If the
response is a maximization problem, then the larger±
the better desirability function is suitable. If the
response is a minimization problem, the smaller-thebetter desirability function is suitable. In order to
simultaneously optimize several responses, d is are
combined using the geometric mean to create the
overall desirability (D):

FIGURE 1
Engine test set-up
TABLE 1
Engine specifications

Response surface methodology. Response
surface methodology is a collection of statistical and
mathematical techniques useful for developing,
improving, and optimizing processes. This method is
used a sequence of designed experiments to obtain
an optimal response (s). RSM explores the
relationships between several factors and one or
more responses. It was introduced by Box and
Wilson in 1951. Box and Wilson suggested using a
2nd degree polynomial model to do this [16, 17].
RSM aims at approximating a quantitative form
of the relationship between desired response(s) and
independent input variables by a suitable lower order
model. A second-order model is the most commonly
used form because of it works quite well for a
relatively small region of the variable space. The
second- order model can be expressed as:
y=ߚ  σୀଵ ߚ ݔ  σୀଵ ߚ ݔଶ  σழୀଶ ߚ ݔ ݔ [1]
where y is the response variable, k is the
number of parameters, and ݔଵ ǡ ݔଶ ǡ ǥ ǡ ݔ are selected
input variables. The intercept coefficient


D= ඥ݀ଵ ሺݕଵ ሻ ݀ כଶ ሺݕଶ ሻ ݀ כ ڮ כ ሺݕ ሻ

Using the product of the desirability functions
insures that if any single desirability is 0
(undesirable), the overall desirability 0. Overall
desirability value can only be close to 1 if all of the
responses are close to their optimal values.
Design of experiments. It was aimed to
optimize and investigate the individual and
interactive effects of two factors such as type of fuel
and engine speed on the responses (brake torque,
CO, HC, NOx and smoke) of the diesel
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TABLE 2
Factors and their levels

TABLE 3
Properties of test fuels

engine speed (B). The amount of WCOB blend
percentage increases, the brake torque increases.
Brake torque gets better values in the range of 60%
for type of fuel (A) and 1800 rpm for engine speed
(B). The brake power value reaches 50.32 Nm when
WCOB blend percantage value is 41.5% and engine
speed is 1800 rpm.
The possible reasons of this increase in brake
torque can be explained with two reasons. One
reason is that the higher oxygen content in the
mixture might be contributed towards the
improvement of combustion in the cylinder. The
second reason is the increase in injected fuel into the
cylinder per cycle as the density of WCOB is higher
than that of diesel fuel [19].

engine. Factors, ranges of these factors and
responses were selected based on the results of
previous studies and working features of the engine.
Face centered composite design has been used to
plan and analyze the experiment.
In face-FHQWHUHGFHQWUDOFRPSRVLWHGHVLJQĮ 
which means a three-level design space, coded as -1,
0 and 1 representing low, medium and high factor
level, respectively. Three levels were determined for
type of fuel like WCOB0 (100% No.2 diesel fuel),
WCOB30 (30% biodiesel - 70% diesel) and
WCOB60 (60% biodiesel - 40% diesel). Engine
speed that is second factor has three levels such as
1400, 1800 and 2200 rpm for low medium and high
levels, respectively. Type of the factors and their
levels in both coded and actual values are situated in
Table 2.

RESULTS AND DISCUSSION
Fatty acid profile and fuel properties. Fatty
acid composition analysis, WCO was found as
composed from saturated 10.39% and unsaturated
fatty acids 89.61%. Oleic acid (C18:1) was the most
abundant unsaturated fatty acid and was found at
amounts of 47.22%. Density of WCO was 0.825
g/mL. Kinematic viscosity of WCO was also
determined as 37.56 mm2/s. Free fatty acid content
was about 0.7 g/100mL in terms of oleic acid. Fuel
properties of WCOB were determined following
EN14214 biodiesel specifications. The properties of
WCOB and diesel fuel are shown in Table 3.

FIGURE 2
Experimental results of brake torque at different
type of fuel and engine speeds
Analysis of the model for HC emission. The
different model for the response was developed in
terms of HC emission factor is given below as Eq. 4.

Analysis of the model for brake torque. The
different model for the response was developed in
terms of brake torque factor and is given below as
Eq. 3.

ܥܪሺ݉ሻ ൌ ͳͲǤͻʹ െ ʹǤͳ ܣെ [ ܤ4]

݁ݑݍݎݐ݁݇ܽݎܤሺܰ݉ሻ ൌ ͷͲǤʹͲ  ͲǤͷͺ ܣെ
ͲǤͻͻ ܤെ ͲǤͶʹܣଶ െ ͳǤ͵Ͳ͵ܤଶ
[3]

Figure 3 represent 3D surface plot of the HC
response with respect to type of fuel (A) and engine
speed (B). Figure 3 shows that there is a decrease in

Figure 2 represent 3D surface plot of the brake
torque response with respect to type of fuel (A) and
2717
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HC emissions with increase in WCOB blend
percentage and engine speed. The results in Figure 3
show HC value is minimum when engine speed is in
the range of 2200 rpm (1), and type of fuel 45% (0.5)
and 60% (1). The minimum value of HC, 6.32 ppm
is obtained when type of fuel (A) is WCOB60 and
engine speed (B) is 2200 rpm. HC emissions depend
on the availability of oxycen. Biodiesel has exceed
oxygen (~%10) than that of diesel fuel [13, 14].

FIGURE 4
Experimental results of CO at different type of
fuel and engine speeds
speed (B). It is apparent that the NOx emissions
increased for all the WCOB blend percentage with
the increase in the engine speed. NOx reaches its
highest values when type of fuel is 0% (-1) and
engine speed is 2000 rpm (1). The maximum value
of NOx, 2730 ppm is obtained when type of fuel is
WCOB60 and engine speed is 1920 rpm. NOx values
are less when type of fuel WCOB0 is used instead of
the blend of WCOB30 and WCOB60. Shortening the
ignition delay and the higher availability of oxygen
which in turn promotes NOx formation [22, 23].

FIGURE 3
Experimental results of HC at different type of
fuel and engine speeds
Analysis of the model for CO emission. The
different model for the response was developed in
terms of CO emission factor is given below as Eq. 5

ܱܥሺΨሻ ൌ ͲǤͳͻͺ െ ͲǤͲͷͷ ܣെ ͲǤͲͺ ܤ ͲǤͲͷʹ[ ܤܣ5]
Figure 4 represent 3D surface plot of the CO
response with respect to type of fuel (A) and engine
speed (B). Figure shows that there is a decrease in
CO emissions with increase in WCOB blend
percentage and engine speed. CO emissions also
follow the trend of the HC emissions. The results in
Figure 4 show CO value is minimum when engine
speed is in the range of 2200 rpm (1), and type of fuel
50% (0.5) and 60% (1). The minimum value of CO,
0.112% is obtained when type of fuel (A) is
WCOB60 and engine speed (B) is 2200 rpm. The
lower CO emissions of biodiesel blends may be due
to their more complete oxidation as compared to
diesel fuel. and extra oxygen molecule present in the
biodiesel chain and thus, reduces CO formation [2022].

FIGURE 5
Experimental results of NOx at different type of
fuel and engine speeds
Analysis of the model for Smoke emission.
The different model for the response was developed
in terms of smoke emission factor is given below as
Eq. 7.

Analysis of the model for NOx emission. The
different model for the response was developed in
terms of NOx emission factor is given below as Eq.
6
ܱܰ௫ ሺ݉ሻ ൌ ʹʹͳǤͲͲͻ  ͶͶ͵ǤͷͲͳ ܣെ ͳͲ͵ͻǤͳͻܣଶ[6]

ܵ݉݁݇ሺΨሻ ൌ ʹǤͳͶ െ ͳͲǤ͵͵͵ ܣെ ͳǤ ܤ ͶǤͻͷʹܣଶ ሾૠሿ

Figure 6 represent 3D surface plot of the smoke
response with respect to type of fuel (A) and engine
speed (B). It is observed from the figure that smoke
emissions are decreasing with the increase of WCOB
blend percentage and engine speed. The results in
Figure 6 show smoke value is minimum when engine
speed is in the range of 2000 rpm (0.5) and 2200 rpm
(1), and type of fuel 50% (0.5) and 60% (1). The

Figure 5 represent 3D surface plot of the CO
response with respect to type of fuel (A) and engine
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[4] Salvi, B. L. and Panwar, N. L. (2012) Biodiesel
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review. Renew Sustain Energy Rev, 16: 36803689.
[5] Zheng, S., Khates, M. and Dube, M.A. (2006)
Acid-catalyzed production of biodiesel from
waste frying oil. Biomass Bioenergy; 30: 267±
272.
[6] .KDUO-%QJHU-0XQDFN$%DKDGÕU0
Schröder, O., Stein, H. and Dutz, M. (2003)
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engines. Fresen. Environ. Bull., 12(6): 640-647.
[7] Zhu, L., Cheung, C. S., Zhang, W. G. and
Huang, Z. (2011) Effect of charge dilution on
gaseous and particulate emissions from a diesel
engine fueled with biodiesel and biodiesel
blended with methanol and ethanol. Appl.
Therm. Eng, 31: 2271±2278.
[8] Shivakumar, S., Pai, P. and Shrinivasa Rao, B.
R. (2011) Arificial Neural Network based
prediction of performance and emission
characteristics of a variable compression ratio
CI engine using WCO as a biodiesel at different
injection timings. Appl Energy, 88: 2344±2354.
[9] Tomasevic, A. V. and Siler-Marinkovic, S. S.
(2006) Methanolysis of used frying oil. Fuel
Process Technology, 81: 1±6.
[10] Datta, Y., Bharadwaz, B., Govinda Rao, V. and
Dharma Rao, C. (2016) Improvement of
biodiesel methanol blends performance in a
variable compression ratio engine using
response surface methodology. Alexandria
Engineering Journal, 55: 1201±1209.
[11] Yuan, X.Z., Liu, J., Zeng, G. M., Shi, J. G. and
Huang, G. H. (2008) Optimization of
conversion of waste rapeseed oil with high FFA
to
biodiesel
using
response
surface
methodology. Renewable Energy, 33: 16781684.
[12] Hirkude, J., Padarkar, A. and Vedartham, D.
(2014) Investigations on the effect of waste fired
oil methyl ester blends and load on performance
and smoke opacity of diesel engine using
response surface methodology. Energy
Procedia, 54: 606-614.
[13] Pandian, M., Sivapirakasam, S. P. and
Udayakumar, M. (2011) Investigation on the
effect of injection system parameters on
performanceand emission characteristics of a
twin cylinder compression ignition direct
injection engine fuelled with pongamia
biodiesel±diesel blend using response surface
methodology. Appl Energy, 88: 2663±2676.
[14] Singh, J. D. and Singh, B. (2014) Biodiesel
Production from Waste Cooking Oil & Its
Evaluation in Compression Ignition Engine
Using RSM. Int. Journal of Engineering
Research and Applications, 4(4): 118-125.
[15] Krahl, J., Munack, A., Sröder, O., Bünger, J. and

minimum value of smoke, 58.55% is obtained when
type of fuel (A) is WCOB60 and engine speed (B) is
2200 rpm. The higher amount of oxygen in the
WCOB increases smoke emissions because of
complete combustion of blends in the combustion
chamber. Smoke formation depends completely on
the local air fuel ratios [23].

FIGURE 6
Experimental results of smoke at different
type of fuel and engine speeds

CONCLUSIONS
The following conclusions can be deduced as
follows:
x The optimization criterion is to minimize
HC, CO, NOx and smoke of the engine with
maximum brake torque. Solutions that are closer to
this criterion were obtained using desirability
approach of RSM.
x The solution with high desirability was
preferred. Maximum desirability of 0.915 was
obtained at the following factors like 48% type of
fuel (A) and 1909 rpm of engine speed (B).
x Optimal factors, the values of the maximum
brake torque and minimum HC, CO, NOx and smoke
were found to be 49.96 Nm, 6.92 ppm, 0.1582%,
2151.74 ppm and 56.87% respectively.
x The emissions except for NOx like HC, CO
and smoke were found to be lesser in quantity than
that of diesel fuel.
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recognized as the most efficient, favorable and
widely used fundamental method in wastewater
treatment processes because of its simplicity, costeffectively, technically feasible and environment
friendly [5,6]. The process of adsorption based on
interactions between an adsorbate and an adsorbent
at the surface-water interface. Therefore, surface
properties of the adsorbent play an important role in
the sorption process [7]. Many adsorbents such as
clay [8], soil [9], maize tassel [10], horse chestnut
particles [11], diatomite [12] etc. have been used to
remove Pb (II) from water. Diatomite (SiO2.nH2O)
is a soft, light colored, slightly sedimentary rock
composed of the accumulation of siliceous shells of
diatoms. Silica based materials are used in many
industrial fields because of their abundant natural
resources, large surface area, stability in chemical
properties, high selectivity, low cost and high
adsorption capacity [13].
Adsorption equilibrium is generally defined by
isotherm equations whose parameters belong to the
surface properties of the sorbent at a constant
temperature and pH value [14]. Linear regression
method is a widely used technique to investigate the
most suitable adsorption isotherm, to evaluate the
model parameters and to determine the most suitable
model. Depending on the linearity of the isotherm
equation, the error distribution may be better or
worse. For this reason, non-linear isotherm models
have to be interpreted by using some error analysis
techniques [4, 5]. This method has an advantage that
the error distribution does not get altered as in linear
technique, as all the isotherm parameters are fixed in
the same axis [14]. So it minimizes error distribution
between the experimental results and the estimated
isotherm [4].
The aim of this study is to examine the
adsorption mechanism of Pb (II) ions on the natural
and MnO2 modified diatomite and to determine the
equilibrium and kinetic parameters of the process.
The non-linear two-parameter equation of Langmuir,
Freundlich, Dubinin-Radushkevich and non-linear
three-parameter equation of Redlich-Peterson, Sips
and Toth, The kinetic data were fitted to non-linear
models of pseudo-first order, pseudo-second order
and Elovich. Additionally, intraparticle diffusion

ABSTRACT
This study presents the evaluation of the
original diatomite (DO) and manganese oxide
modified (DMn) diatomite used as adsorbents for Pb
(II) removal from aqueous solution. The
experimental data were fitted to the non-linear twoparameter equation of Langmuir, Freundlich,
Dubinin-Radushkevich, and non-linear threeparameter equation of Redlich-Peterson, Sips and
Toth Isotherms. The correlation coefficient (R2),
standard error (S.E) and Chi-VTXDUH Ȥ2) values were
used to select the best theoretical isotherm.
Adsorption mechanism of Pb(II) ion onto the DO was
explained by heterogeneous adsorption model while
homogenous adsorption model was used to explain
the adsorption on DMn. Also, both adsorbents were
observed to comply better with the three-parameter
isotherms. Pseudo first-order, pseudo second-order,
Elovich and intraparticle diffusion equations were
used to describe the adsorption rate of Pb(II). The
experimental data were well fitted by the pseudosecond-order kinetic model. Thermodynamic
SDUDPHWHUV VXFK DV IUHH HQHUJ\ ǻ*o), enthalpy
ǻ+o  DQG HQWURS\ ǻ6o) showed spontaneous and
endothermic in nature of adsorption for both of
adsorbents.

KEYWORDS:
Non-linear methods, diatomite, modification, kinetic,
thermodynamics

INTRODUCTION
Lead (Pb) is the metal element that harms the
ecologic system the most when used in human
activities [1]. The standard for potable water
established by Environment Protection Agency
(EPA) is maximum 0.1 mg L-1 [2]. There are many
methods such as coagulation, membrane separation,
adsorption, ion exchange, biological treatment,
electrochemical technics and chemisorption
filtration for removal of toxic compounds from water
[3,4]. Among these methods, adsorption process is
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model was evaluated as possible adsorption
mechanisms. The correlation coefficient (R2),
standard error (S.E) and Chi-VTXDUH Ȥ2) values were
used to determine the best theoretical isotherm and
kinetic model.
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adsorption were determined by Thermo Scientific
ø&(-3000 series atomic absorption spectrophotometer. In this study, the pH values of the natural and
modified diatomite suspensions were selected as 4.0
and adjusted by using aqueous NaOH (1 mol L-1).
The measurements were performed by a WTW pH
meter (Series 720, Germany). The amount of heavy
metal ions adsorbed per specified amount of
adsorbent (qe) was calculated as follows:
ሺ ିሻ
 ݁ݍൌ ೀ
[1]


MATERIALS AND METHODS
The adsorbent. Diatomite used as an adsorbent
was collected from Caldiran region in Van Basin
Lake in Eastern Anatolia (Turkey). The powdered
natural diatomite (DO)sample was washed by
distilled water and dried in a drying oven at 105 ° C.
It was sieved with 350 mesh sieve and stored in
polyethylene bags for future use. And then, this
diatomite sample was modified by manganese
oxides (DMn) according to the method previously
described by Caliskan et al. [15].

The concentration of heavy metal ions in the
aqueous solution before (C0, mg L-1) and after
adsorption (Ce, mg L-1), V,solution volume ( L) and
m, adsorbent mass (g)
The adsorption equilibrium data for Pb(II) onto
DO and DMn were analyzed by non-linear twoparameter and three- parameter isotherm models
using Origin 8.0 software. The experimental values
of qe and Ce are initially applied to the models in
order to determine the equations parameters [16].
The standard errors (S.E.) for each parameter (the
standard deviation of a distribution of a sample
statistic), the correlation coefficient (R2) and chi
VTXDUH Ȥ2) values were used to determine the bestfitting isotherm to the experimental data, illustrated
below equations
మ
തതതሻ
ஊሺ ି

ܴଶ ൌ 
[2]
തതതሻమ ାஊሺ ି ሻమ
ஊሺ ି

Sample characterization. X-ray fluorescence
spectrometer (XRF, Philips 2400) was used for
FKHPLFDODQDO\VLV7KHGLDWRPLWHIURPdDOGÕUDQ-Van
region consisted of the compounds of 69.70% SiO2,
11.50% Al2O3, 4.40% Fe2O3, 0.65% TiO2, 0.80%
Na2O, 1.40% K2O. Loss on ignition was determined
as 11.55%.
Surface area of the DO was calculated by using
WKH6HDU¶VPHWKRG>5] which is a standard method
for silica and found as 48.6 m2 g-1. Also, using the
BET method (Quantachrome Nova 2200E Surface
Area&Pore Size Analyzer) surface areas of DO and
DMn samples were determined as 55.778 m2g-1 and
95.587 m2g-1.
The X-ray powder diffraction analyses of the
DO LQ WKH ș UDQJH RI ±40° were determined by
using Philips PW 1830-40 X-ray diffractometer with
&X.ĮUDGLDWLRQDQGQLFNHOILOWHUIt was found that
there were quartz, simectite group clay minerals,
mixed-layered clay, feldspar group, illite-mica group
minerals, calcite and kaolinite group minerals. In the
amorphous band, especially quartz and calcite peaks
are observed.









where qm is the constant found from the
isotherm model, qe is the equilibrium capacity
തതത is the
determined from experimental data, and ݁ݍ
average of qe [17]. Correlation coefficient is used to
analysis the fitting degree of isotherm with the
experimental data. Its value may vary from 0 to 1 [5].
ሺǡೣ ିǡೌ ሻమ
߯ ଶ ൌ σே
[3]
ୀଵ

ǡೌ

7KH VXEVFULSWV ³H[S´ DQG µFDOF´ LQGLFDWH WKH
experimental and calculated values and N is the
number of observations in the experimental data
[18]. Nonlinear chi-square test is an arithmetical
implement necessary for the best fit of a sorption
system, determined by evaluating the sum squares
differences between the experimental and the
calculated data, with each squared difference is
divided by its corresponding value (calculated from
WKH PRGHOV  6PDOO Ȥ2 values show its similarities
while larger values emphasize the deviation of the
experimental data [5].

Batch adsorption studies. The stock solution
containing 1000 mg Lí1 Pb(II) ions was prepared
from Pb(NO3)2 (Merck), which was diluted to the
desired experimental concentration by adding
distilled water in the following experiments. 0.10 g
of DO and DMn sample was mixed well with 10 mL
of different concentration of Pb(II) solution whose
initial concentrations (C0) were 10, 15, 30, 45 and 60
mg Lí1, respectively. The obtained mixtures were
shaken by a temperature-controlled shaker with
continuous stirring at 120 rpm at different
temperatures (298 K, 308 K, 318 K, and 328 K), up
to 120 min, which is sufficient contact time.
Supernatant was centrifuged and concentrations of
the ions remaining in the aqueous solutions after

RESULTS AND DISCUSSION
Adsorption isotherms. Langmuir, Freundlich,
Dubinin-Radushkevich, Redlich-Peterson, Sips and
Toth Isotherms were used to explain the nature
(surface characteristics, adsorption capacity and
mechanism) of Pb (II) ion adsorption on DO and
2722
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TABLE 1
Non-linear forms of the isotherm models
Isotherm
Langmuir

Equation
ݍெ ܭ ܥ
ݍ ൌ

ͳ  ܭ ܥ

Constants
KL: /DQJPXLULVRWKHUPFRQVWDQW /ௗJí1)

భ

ݍ ൌܭி ܥ 

Dubinin- Radushkevich

ݍ ൌ ݍெ െܭோ  ܧଶ 
ଵ
 ܧൌ ܴ݈ܶ݊ሺ 


ݍ ൌ 

Sips

ݍ ൌ

Toth

ݍ ൌ

ܭோ ܥ

ͳ  ܽோ ܥ


ೞ ೄ  ೞ
ଵାೄ ೄ

[19]

í1

Freundlich

Redlich-Peterson

Reference



ݍெ ܥ ்ܭ

ଵൗ 
௧

ሾͳ  ሺܥ ்ܭ ሻ௧ ሿ

KF: )UHXQGOLFKLVRWKHUPFRQVWDQW /ௗJ )
n: The heterogeneity factor in the
Freundlich model
KDR: D-R isotherm constant
E: Energy of adsorption
R: The ideal gas constant
(8.314 (J mol-1 K-1))
KR: Redlich-Peterson isotherm constant,
/ௗJí1)
aR: Redlich-Peterson isotherm constant,
/ௗJí1)
g: Redlich-Peterson isotherm constant
Ks: Sips equilibrium constant (L mgí1)m
nS: Sips isotherm exponent ͒
qM: Toth maximum adsorption capacity
KT: Toth isotherm constant,(L mgí1)͒
1/t: Toth model exponent͒

[20]

[4]

[21]

[22]
[4]

sorption of Pb(II) onto DO [23]. These results
indicated that the equilibrium data were fitted better
by the three-parameter model rather than the twoparameter models [4]. In Figure 1a, when compared
to experimental data, the best-fitting isotherm is
found to be Freundlich adsorption isotherm. In
Figure1b, experimental data are consistent with three
isotherm model used. In Figure 2 (a) two-parameter
and (b) three-parameter adsorption isotherm
equation curves of the Pb (II) ion adsorption onto
DMn are given.

FIGURE 1
Comparison of adsorption isotherm models for
the sorption of Pb(II) onto DO at 298 K; (a) twoparameter isotherms; (b) three-parameter
isotherms.
DMn at 298K. All isotherm parameters were
determined by using a non-linear regression analysis
with software. The equations of the nonlinear
isotherm models used and their parameters are
presented in Table 1 with the relevant references.
Ce-qe graphs obtained by applying non-linear
isotherm models are presented in Figure 1a and b.
Figure1 shows the experimental and the
predicted two parameter isotherms (a) and three
parameters isotherm (b) by non-linear method for the

FIGURE 2
Comparison of adsorption isotherm models for
the sorption of Pb(II) onto DMn at 298 K; (a) twoparameter isotherms; (b) three-parameter
isotherms.
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TABLE 2A
Values of the parameters of the two-parameter models and correlation coefficients at 298 K
Isotherm/Model
Langmuir

Freundlich

DubininRadushkevcih

qM (mg g-1)
KL
RL
R2
Ȥ2
KF [(mg gí)(mg Lí)n]
1/n
R2
Ȥ2

DO
Value
3.1101
0.8728
0.1027
0.8692
0.1070
1.4817
0.2523
0.9886
0.0009

S.E
0.2847
0.4448
0.0642
0.3731
-

DMn
Value
12.6322
0.1995
0.3338
0.9937
0.0169
2.0717
1.3242
0.9858
0.0382

S.E
1.7988
0.0419
0.1152
0.1011
-

qM (mg g-1)
KD-R
ED-R
R2
Ȥ2

2.6373
0.5020
0.9801
0.4679
0.4366

0.4094
0.9544
-

5.1976
0.0881
4.3358
0.9162
0.2266

0.6660
1.2201
3.003
-

TABLE 2B
Values of the parameters of the three-parameter models and correlation coefficients at 298 K
Isotherm/Model
Redlich-Peterson

Sips

Toth

KR
aR
g
R2
Ȥ2
qM (mg g-1)
KS
nS
R2
Ȥ2
qM (mg g-1)
KT
t
R2
Ȥ2

Value
20.1051
12.2282
0.3836
0.9916
0.0068
6.5078
0.0395
0.3770
0.9925
0.0061
1.2883
12.2279
0.7836
0.9916
0.0137

DO
S.E
14.1033
9.4700
0.0827
2.6656
0.0826
0.0791
0.1499
9.4226
0.0288
-

Value
2.3588
0.1252
0.8529
0.9912
0.0236
9.0748
0.3575
1.1643
0.9927
0.0195
23.5746
0.1556
1.3965
0.9914
0.0232

DMn
S.E
0.4522
0.1869
0.8426
2.9262
0.1989
0.2167
6.3829
0.1283
1.1560
-

is unfavorable (RL > 1), linear (RL = 1), favorable (0
< RL < 1), or irreversible (RL = 0) [24].
ଵ
ܴ ൌ
[4]
ଵା< 

In Figure 2a, two-parameter isotherm model
curves and experimental data are compared and
found consistent with Langmuir isotherm curve. In
addition in Figure 2b, three-parameter model curves
are compared to the experimental data, the
adsorption of Pb (II) ion onto Mn-modified diatomite
are found consistent with all three-parameter
adsorption isotherm curves.
The parameters of the (a) two and (b) three
parameter isotherm models and correlation
coefficients at 298 K presented in Table 2.

> బ

The values of RL for adsorption of Pb(II) on DO
and DMn surfaces at 298 K were determined as
0.1027 and 0.1027 respectively is between 0 and 1
(Table 2a), which indicates favorable adsorption.
Maximum adsorption capacities and standard errors
were obtained as qM=3.1101 mg g-1 and qM=12.6322
mg g-1 and S.E= 0.2847 and S.E= 1.7988 for DO and
DMn respectively. Also, correlation coefficients are
0.8692 and 0.9937, chi-square values are 0.1070 and
0.0169 respectively for both of adsorbent.
Correlation coefficient close to 1, standard
error and chi-square close to zero, these values
indicate that Pb(II) ion adsorption on DMn is
explained better with Langmuir adsorption isotherm
than the others. [24].

Two Parameter Isotherms. Langmuir
isotherm. The Langmuir isotherm theory assumes
that the adsorbate is monolayer covered on a
homogeneous adsorbent surface and that all sorption
areas are identical and energy equivalent [5,6]. In
Table 2a, Langmuir isotherm constants (KL) were
determined as 0.8728 L mg-1 and 0.1995 L mg-1 for
DO and DMn respectively. These values are used to
calculate RL, a dimensionless separation factor given
by Eq. 4. The RL values show whether the adsorption

Freundlich isotherm. According to Freundlich isotherm, adsorption sites on the surface of an
2724
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adsorbent are heterogeneous, i.e. consist of different
types of adsorption sites [19]. The experimental
equilibrium curves (Figure 1a) are very close to those
predicted by the Freundlich model for adsorption of
Pb(II) onto DO. KF is the Frendlich isotherm constant
and 1/n is the heterogeneity factor which can vary
between 0 and 1 [25] (Table 1). If value of 1/n is
below one it shows a normal adsorption. Conversely,
1/n being above one indicates cooperative adsorption
[26]. In Table 2a, adsorption densities are calculated
as 0.2523 and 1.3242 for the DO and DMn
respectively. In addition, for the adsorption of Pb (II)
on DO and DMn, the correlation coefficients are
0.9886 and 0.9858, standard error values are 0.0642
and 0.1152, and chi-square values are 0.0009 and
0.0382, respectively.
1/n values close to zero, the correlation
coefficient close to 1, and the chi-square value near
zero suggest that the adsorption of Pb (II) ion on D O
is better explained by the Freundlich isotherm than
Langmuir isotherm.

. This indicates that the adsorption is more
compatible with the Freundlich isotherm than the
Langmuir isotherm. This result was confirmed by the
standard error value. Also, this value obtained from
isotherm for Pb (II) ion adsorption on DMn is close to
1 (g=0.8529) and supports Langmuir isotherm.
Sips isotherm. This isotherm is combined
isotherm of Langmuir and Freundlich isotherms and
is more suitable to explain the adsorption process on
heterogeneous surfaces. It predicts the Freundlich
isotherm at low adsorbate concen- trations, and the
monolayer adsorption capacity of Langmuir
isotherm at high concentrations. The Sips isotherm
equation is characterized by nS which dimensionless
heterogeneity factor. If nS = 1, the Sips equation is
reduced to the Langmuir equation which indicates
that the adsorption process is homogeneous [30].
The Sips isotherm constant (nS) confirms that the
surface of the modified adsorbent is heterogeneous
in nature.
From Table 2b, maximum adsorption capacity
for DO and DMn and standard error values were
determined as qM=6.5078 mg g-1 and qM=9.0748 mg
g-1, S.E= 2.6656 and S.E= 2.9262 respectively.
Because of the high value of the standard error,
maximum adsorption capacity obtained from the
Sips isotherm nonlinear equation for DO and DMn
may be misleading.

Dubinin-Radushkevich
isotherm.
D-R
isotherm is used to explain adsorption in same-type
porous structures. KDR is the constant related to the
adsorption energy. The sorption energy, E (kJ mol1
), provides information about the physicochemical
characteristics of the adsorption process (Table 1).
The mean free energy for adsorption, E may be
written as [27]:
భ

 ܧൌ  ሺʹܭோ ሻିమ
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Toth isotherm. It supposes an asymmetrical
quasi-Gaussian energy distribution with an extended
left-hand side, i.e. most sites have adsorption energy
lower than the mean value [14]. Toth adsorption
isotherm derives from the theory of potential and is
a valid model for heterogeneous adsorption [31].
Table 2b gives the values of parameters of Toth
isotherm. If Toth model exponent (t) is close to the
unity, it reduces to the Langmuir sorption isotherm
equation. These values (t) are determined as 0.7836
for DO and 1.3965 for DMn [4].

[5]

If the energy (E) < 8 kJ mol-1, adsorption can be
explained with physical interactions as well. If on the
contrary, the energy > 8 kJ mol-1, adsorption
mechanism can be explained with chemical
interactions [28]. As can be seen from Table 2a, this
energy that is less than 8 kJ mol-1 (E= 0.9801 kJ.mol1
for DO and E= 4.3358 kJmol-1 for DMn) confirms
that the adsorption process of metal ion was
controlled by physical adsorption process [16]. The
correlation coefficients are not good in the present
study (R2 = 0.4679 for Pb(II) adsorption onto DO and
0.9162 for Pb(II) adsorption onto DMn).

Adsorption kinetics. The kinetic data were
fitted to non-linear models of pseudo-first order,
pseudo-second order and Elovich. Moreover, the
model of intraparticle diffusion was assessed as
probable adsorption mechanisms [32]. The kinetic
models are listed in Table 3.
In order to evaluate the adsorption kinetics of
Pb(II) onto DO and DMn, the models of pseudo-first
order, pseudo-second order and Elovich were
adapted to experimental data and are presented in
Figure 3a and b, and kinetic parameters are listed in
Table 4 [32].
The non-linear plot qt versus t for Pseudo-first
order kinetic model deviated the considerably from
the experimental results at 298 K. Pseudo-second
order and Elovich kinetic models show slightly

Three Parameter Isotherms. RedlichPeterson isotherm. This isotherm is a hybrid
isotherm which contains the characteristics of both
Langmuir and Freundlich isotherms and has three
parameters in its empirical equation. At low
concentrations the Redlich-Peterson isotherm
DSSUR[LPDWHVWR+HQU\¶VODZ DVWKHH[SRQHQW³J´LV
all close to one) and at high concentrations its
behavior approaches that of the Freundlich isotherm
(as the exponent tends to zero) [14,22,29]. As shown
in Table 2bWKH H[SRQHQW ³J´YDOXH LVFORVH WRWKH
zero (g = 0.3836) for Pb(II) ion adsorption on the DO
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TABLE 3
Non-linear forms of kinetic models
Equations
࢚ ൌ ࢋ ሾ െ ܘܠ܍ሺെ ࢚ሻሿ

Kinetic models
Pseudo-first order

࢚ ൌ

 
ࢋ ࢚

   ࢋ ࢚

Pseudo-second order

࢚ ൌ


ܖܔሺ  ࢻࢼ࢚ሻ
ࢼ

Elovich

࢚ ൌ ࢊ ξ࢚   

Intraparticle
diffusion

Constans
k1 (min-1) is the pseudo-first-order rate
constant
t (min) is the contact time
k2 (g mg-1 min-1) is the pseudo-secondorder rate constant
Į PJJ-1 min-1) is the initial adsorption
rate
ȕ JPJ-1) is the desorption constant
related to the extent of surface coverage
and activation energy for chemisorption
kid is intraparticle diffusion constant
Ci is the intercept value (gives an
indication about the thickness of boundary
layer)

happens through the diffusion of adsorbate
molecules into the pores of adsorbent material [32].
The plots for qt versus t1/2 are shown in Figure
4 and the values of kid, Ci, and R2 are listed in Table
4.

FIGURE 4
Intraparticle diffusion plots for adsorption at
298 K. Co= 30 mg L-1
Intraparticle diffusion constant, kid, and the
intercept value, Ci, give us an indication about the
thickness of boundary layer i.e., larger the value of
Ci the greater is the boundary layer effect [34]. If the
plot of qt versus t1/2 gives a straight line, then the
adsorption process is controlled by intraparticle
diffusion. But, if the data show multi-linear plots,
then two or more steps affect the adsorption process.
As can be seen in Figure 4, plots separated to three
linear regions. The first stage indicates a curve
generally ascribed to boundary layer diffusion
effects or external mass transfer effects. The second
stage was the gradual adsorption period with control
of the intraparticle diffusion. The deviation of
straight lines from the origin may be due to
difference in rate of mass transfer in the initial and
final stages of adsorption. Additionally, the
deviation of straight line from the origin shows that
the pore diffusion is not the only rate-controlling step
for the Pb(II) adsorption process [34].

FIGURE 3
Experimental data of adsorption kinetic and
non-linear fitting of pseudo-first order, pseudosecond order and Elovich models for Pb(II)
adsorption onto (a) DO and (b) DMn at 298 K.
better conformity with the experimental results at
298 K. As can be seen from Table 4 the values of the
regression coefficients R2 for all kinetic models were
significantly lower than unity. The R2 values for the
Pseudo-second order model are closest to unity at all
studied temperatures and therefore this model is
most suitable for describing the adsorption of Pb(II)
onto DO and DMn. Also, the pseudo-second order
model obtained values of qe very close to qe,- exp. The
intraparticle diffusion model is used to determine the
rate limiting step of the adsorption kinetics [33]. This
model accepts that the adsorption mechanism

Adsorption thermodynamics. The thermo
dynamics of the adsorption process depends on the
V\VWHPWRWDOHQHUJ\FKDQJH ǻ+o), Gibbs free
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TABLE 4
Parameters of kinetic models for the adsorption of Pb(II) onto DO and DMn at different temperatures
Kinetic Models
-1

Pseudo-first order

Pseudo-second order

Elovich

Intraparticle
Diffusion Model

qe, (exp) (mg g )
qe, (cal) (mg g-1)
k1 (min-1)
Ȥ2
R2
qe, (cal) (mg g-1)
k2 (g mg-1 min-1)
Ȥ2
R2
Į PJJ-1 min-1)
ȕ JPJ-1)
Ȥ2
R2
kid (mg g-1 min-½)
Ci (mg g-1)
R2

298 (K)

DO
308 (K)

318 (K)

328 (K)

298 (K)

DMn
308 (K)

318 (K)

328 (K)

2.4771
2.0275
1.8078
0.0200
0.4039
2.4775
1.8317
0.0031
0.9214
4688.35
7.8562
0.0041
0.9016
0.0442
2.1159
0.9579

3.0688
3.2007
0.2360
0.0560
0.8748
3.0594
0.4807
0.0092
0.9792
3532.97
2.6586
0.2166
0.5678
0.0128
2.9560
0.9782

3.0335
2.9937
2.9351
0.0020
0.5494
3.0066
4.9993
0.0085
0.9641
8082.36
22.8923
0.0016
0.7378
0.0676
1.9265
0.9908

2.0267
2.9747
1.9025
0.0050
0.8092
3.0009
1.6753
0.0013
0.9475
29447
10.0742
0.0034
0.8683
0.0202
2.8785
0.8841

2.9308
2.7336
1.1862
0.0913
0.4031
2.8507
0.5260
0.0456
0.9289
5104.00
4.0457
0.0105
0.9003
0.0630
2.4666
0.9186

3.0695
3.0446
4.2288
0.0004
0.3776
3.0484
0.7119
0.0051
0.9497
8035.30
35.4542
0.0005
0.1583
0.0065
3.0106
0.9402

3.0674
3.0557
3.9903
0.0015
0.6867
3.0611
1.5274
0.0007
0.8430
1211.20
34.6360
0.0005
0.1198
0.0059
3.0240
0.8963

3.0267
3.0416
4.8631
0.0003
0.6005
3.0433
3.6512
0.0002
0.7747
2094.24
35.0026
0.0013
0.1398
0.0023
3.0289
0.9779

TABLE 5
Values of thermodynamic parameters for the adsorption of Pb(II) ions onto D O and DMn
DO
DMn
o
o
o
o
ǼH
ǼS
ǼG
Ǽ Ho
ǼSo
ǼG
-1
-1
-1 -1
-1
-1
kJ mol
kJ mol
kJ mol K
kJ mol
kJ mol
kJ mol-1K-1
T (K)
-4.0950
-1.3667
298
-4.0531
8.2668
0.0415
-4.0560
29.2570
0.1049
308
-6.0233
-4.0590
318
-4.7749
-4.7749
328
HQHUJ\FKDQJH ǻ*o) DQGHQWURS\FKDQJH ǻ6o).By
evaluating these parameters, it is possible to decide
whether the process is spontaneous or not [38].
Reactions happen spontaneously at a given
WHPSHUDWXUH LI ǻ*o is a negative value. The free
energy of an adsorption process is associated with
the equilibrium constant by the following Eq. 7 [35]:
ο ܩ ൌ െܴ݈ܶ݊ܭ
(7)
:KHUH ¨* is the free energy exchange (kJ
mol-1), T is the absolute temperature (K), R is the
ideal gas constant (8.314 J K-1 mol-1), KD is a
thermodynamic equilibrium constant obtained with
the Eq. 8.
 ି
ܭ ൌ బ 
(8)
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and DMn is higher at high temperatures [35]. The
positive values for enthalpy change, confirms that
the adsorption of Pb(II) is an endothermic process.
Positive entropy ǻ6o values show that the solidliquid interface increases randomly during the
adsorption [36].

CONCLUSION
Experimental data were applied on two and
three parameter nonlinear isotherm models.
Although the adsorption of Pb (II) on DMn was found
to be consistent with the Langmuir isotherm model
GXHWRORZ6(Ȥ2 and high R2 values, the adsorption
on DO was found to be compatible with the
Freundlich isotherm.
The adsorption capacity of D O and DMn were
3.1101 and 12.6322 mg gí1 for Pb(II) ions,
respectively. The values of the adsorption energy,
calculated from the D-R adsorption isotherm and
lower than 8 kJ mol-1, confirm that the Pb (II)
adsorption process is controlled by physical
adsorption. The adsorption of Pb (II) on the DO and
DMn as a result of the application of experimental
data to kinetic models can be explained by the
pseudo-second-order mechanism 7KH ǻ+o values
are positive and it is understood that the adsorption
of Pb (II) on DO and DMn is endothermic. Moreover,
the enthalpy of adsorption for both adsorbent

(9)

A plot of ln Kd versus 1/T will be linear with
WKHVORSHDQGLQWHUFHSWJLYLQJWKHYDOXHVRIǻ+o and
ǻ6o respectively.
The constants of thermodynamics as shown in
Table 5 LH*LEEVIUHHHQHUJ\ ǻ*o), the change of
HQWKDOS\ ǻ+o  DQG HQWURS\ FKDQJH ǻ6o)). A
GHFUHDVH LQ WKH QHJDWLYH YDOXH RI ǻ*o with an
increase in temperature indicates that the adsorption
process is more favourable at higher temperatures.
This can be explained by increase in mobility of
adsorbate ions in the solution with increased
temperature and that the affinity of Pb(II) on the DO
2727
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samples is lower than 40 kJ molí1 showing that the
adsorption processes were controlled by physical
mechanism rather than chemical mechanism. ǻGo
values are negative for Pb(II) adsorption on D O and
DMn and these values indicate that adsorption is
spontaneous.
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6FKRRORI(QHUJ\DQG3RZHU(QJLQHHULQJ-LDQJVX8QLYHUVLW\=KHQMLDQJ35&KLQD

3RO\R[RPHWDODWHV 320V  KDYH EHHQ FRQVLGHUHG DV HIILFLHQW DFWLYH VSHFLHV RQ YDULRXV RUJDQLF
FRQYHUVLRQV>@320VEDVHGLRQLFOLTXLGVXSSRUWHG PDWHULDOV ZHUH FRQVWUXFWHG WR LPSURYH WKH
FDWDO\WLFHQYLURQPHQWZKLFKZDVIRXQGWREHHIIHFWLYHRQWKHR[LGDWLRQRIVXOILGHV >@+RZHYHU
WKH DSSOLFDWLRQ RI 320VEDVHG LRQLF OLTXLG VXSSRUWHGPDWHULDOVDOVRKDGWKHLUVKRUWFRPLQJVVXFKDV
KLJKO\H[FHVVLYHFRVWRIR[LGDQWVDQGWKHOHDFKLQJ
RI320VSHFLHVUHVXOWLQJLQWKHXQVDWLVIDFWRU\UHF\FOLQJSHUIRUPDQFH
2UGHUHG PHVRSRURXV VLOLFD 206  PDWHULDOV
SUHVHQWWKHLUDGYDQWDJHVLQDYDULHW\RIILHOGVLQFOXGLQJFDWDO\VLVHQYLURQPHQWSURWHFWLRQDQGELRPHGLFLQH >@ /DUJH VSHFLILF VXUIDFH DUHD RI 206
PDWHULDOV FRXOG HIIHFWLYHO\ SURPRWH WKH DIILOLDWLRQ
EHWZHHQVXEVWUDWHDQGDFWLYHVLWHV>@$VDUHVXOW
320VFRQWDLQLQJ 206 FDWDO\VWV H[KLELW WKH DGYDQWDJHV DERYH DSSOLHG LQ R[LGDWLRQ VHOHFWLYH
DGVRUSWLRQ DQG UHDUUDQJHPHQW UHDFWLRQV >@
+RZHYHUWKHVLOLFDIUDPHZRUNZDVUHODWLYHO\XQVWDEOHLQVRPH KDUVKHQYLURQPHQW HJ KLJKWHPSHUDWXUH >@0RUHRYHUWKHODUJHUVXUIDFHDUHDFRXOGEH
FRQWULEXWHG E\ WKH SOHQW\ RI FRPSOHPHQWDU\ VPDOO
SRUHVH[LVWLQFDUERQSRUHZDOOV>@ZKLFKFRXOGEH
KHOSIXOWRLPSURYHWKH2'6SHUIRUPDQFH
+HUHLQFDUERQGRSHGRUGHUHGPHVRSRURXVVLOLFDFRQWDLQLQJWXQJVWHQPDWHULDOVZHUHVXFFHVVIXOO\
V\QWKHVL]HG E\ RQHSRW PHWKRG ZKLFK H[KLELWHG
H[FHOOHQWDFWLYLW\RQKHWHURJHQHRXVR[LGDWLYHGHVXO
IXUL]DWLRQRIDURPDWLFVXOIXUFRPSRXQGV7KHUROHRI
FDUERQGRSHG LQ WKH PDWHULDO ZDV DOVR VWXGLHG
%HVLGHV WKH R[LGDWLRQSURGXFWVDIWHUUHDFWLRQ ZHUH
DOVRLQYHVWLJDWHGE\*&±06DQDO\VLV

ABSTRACT
,QWKLVVWXG\K\EULGPDWHULDOVFDUERQGRSHGRUGHUHGPHVRSRURXVVLOLFDFRQWDLQLQJWXQJVWHQVSHFLHV
ZHUHVXFFHVVIXOO\V\QWKHVL]HGWKURXJKRQHSRWVHOI
DVVHPEO\ SURFHVV DQG HPSOR\HG DV FDWDO\VWV IRU
KHWHURJHQHRXVR[LGDWLYHGHVXOIXUL]DWLRQRIDURPDWLF
RUJDQLFVXOIXUFRPSRXQGV9DULRXVWHFKQLTXHVVXFK
DVYLEUDWLRQDOVSHFWURVFRS\;UD\GLIIUDFWLRQ;UD\
SKRWRHOHFWURQ VSHFWURVFRS\ %UXQDXHU(PPHWW
7HOOHU PHWKRG 7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\
DQG(QHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\ZHUHHPSOR\HG WR VWXG\ WKH VWUXFWXUH DQG FRPSRVLWLRQ RI
FDWDO\VWV7KHVXOIXUUHPRYDOFRXOGUHDFKLQ
PLQ XQGHU PLOG FRQGLWLRQV ,W ZDV DOVR IRXQG WKDW
FDUERQGRSLQJFRXOGSOD\DQLPSRUWDQWUROHLQUHWDLQLQJRUGHUHGPHVRSRURXVVWUXFWXUHLQWKHVLOLFDIUDPHZRUN7KHVXOIXUUHPRYDORIWKHFDWDO\VWFRXOGVWLOO
UHDFKRYHUDIWHUUHF\FOLQJIRUWHQWLPHVLQGLFDWLQJDQDSSURYHGSURVSHFWWRZDUGSRWHQWLDODSSOLFDWLRQ
.(<:25'6
&DUERQGRSHG 2UGHUHG PHVRSRURXV VLOLFD 7XQJVWHQ
VSHFLHV2[LGDWLYHGHVXOIXUL]DWLRQ

INTRODUCTION
)RU WKH LQFUHDVLQJ GHPDQGV RI IXHOV WKH
GHVXOIXUL]DWLRQSURFHVVRIIXHOVKDVEHFRPLQJPRUH
DQG PRUH LPSRUWDQWLQWKH H[LVWLQJLQGXVWU\ ZKHUH
WKH K\GURGHVXOIXUL]DWLRQ +'6  WHFKQRORJ\ LV
WUDGLWLRQDOO\HPSOR\HG+RZHYHUWKHVHYHUHFRQGLWLRQVRI+'6RQWKHUHPRYDORIDURPDWLFVXOIXUFRPSRXQGV > @ 7KHUHIRUH RWKHU FRPSOHPHQWDU\
PHWKRGV VXFK DV H[WUDFWLRQ>@ DGVRUSWLRQ>@
ELRGHVXOIXUL]DWLRQ>@ SKRWRFDWDO\VLV >@
DQGR[LGL]DWLRQ>@ZHUHGHYHORSHG,QDGGLWLRQ
R[LGDWLYHGHVXOIXUL]DWLRQ 2'6 LVH[WHQVLYHO\VWXGLHGEHFDXVHRILWVPLOGRSHUDWLRQFRQGLWLRQVDQGKLJK
GHVXOIXUL]DWLRQHIILFLHQF\

EXPERIMENTAL SECTION
0DWHULDOV %HQ]RWKLRSKHQH %7  PHWK\O
EHQ]RWKLSKHQH 0%7  GLEHQ]RWKLRSKHQH '%7 
PHWK\OGLEHQ]RWKLRSKHQH 0'%7 DQGGLP
HWK\OGLEHQ]RWKLSKHQH '0'%7  ZHUH SXUFKD
VHGIURP$ODGGLQ&KHPLFDO&R/WG3OXURQLF)
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(232(2 0DYJ    ZDV VXSSOLHG E\
6LJPD$OGULFK%XW\OPHWK\OLPLGD]ROHFKORULGH
>%PLP@&O  ZDV REWDLQHG IURP 6KDQJKDL &KHQMLH
&KHPLFDO &R /WG 3KRVSKRWXQJVWLF DFLG
+3:2+2$5JUDGH K\GURJHQSHUR[LGH
+2ZW$5JUDGH K\GURFKORULFDFLG +&O
$5 JUDGH  HWKDQRO (W2+$5 JUDGH  DFHWRQLWULOH
&+&1$5JUDGH WHWUDHWK\ORUWKRVLOLFDWH 7(26 
DQGQRFWDQH $5JUDGH ZHUHPDUNHWHGIURP6LQR
SKDUP&KHPLFDO5HDJHQWV&R/WG
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&RUSRUDWLRQDQG)75DPDQRQ';55DPDQPLFURVFRSH XVLQJ  QP H[FLWDWLRQ ODVHU SRZHU  ZLGH
DQJOH;UD\GLIIUDFWLRQ :$;' DQGVPDOODQJOH;
UD\ GLIIUDFWLRQ 6$;'  XVLQJ D %UXNHU '
GLIIUDFWRPHWHU ZLWK &X.ĮUDGLDWLRQ Ȝ   QP 
HPSOR\LQJDVFDQQLQJUDWHRIVLQWKHșUDQJH
IURPWR;UD\SKRWRHOHFWURQVSHFWURVFRS\
;36  RQ D (6&$/$% 7KHUPR9* 8.  LQ
ZKLFKWKHVWDQGDUGPRQRFKURPDWLF$O.DH[FLWDWLRQ
ZDVDWH9%UXQDXHU(PPHWW7HOOHUPHWKRG
%(7 RQ7UL6WDU,,VXUIDFHDUHDDQGSRURVLW\
DQDO\]HU 86$ 7UDQVPLVVLRQHOHFWURQ PLFURVFRS\
7(0 UHFRUGHGZLWKD-(0 -DSDQ RSHUDWHG
DW  N9 HQHUJ\ GLVSHUVLYH ;UD\ VSHFWURVFRS\
('6 RSHUDWHGDWDQDFFHOHUDWLRQYROWDJHRIN9
DQGWKHR[LGL]HGVXOIXUFRPSRXQGZDVFKDUDFWHUL]HG
E\ *&06 $JLOHQW &*&06' +3
06FROXPQPuȝPLGuȝPWHPSHUDWXUHSURJUDP&WHPSHUDWXUHLQFUHDVLQJ&
PLQWR&IRUPLQ 

3UHSDUDWLRQ RI VDPSOHV 320VEDVHG LRQLF
OLTXLG>%PLP@3:2 ,/ ZDVREWDLQHGWRDFFRUGLQJSUHYLRXVUHVHDUFK>@WXQJVWHQFRQWDLQLQJFDUERQGRSHGRUGHUPHVRSRURXVVLOLFDQDQRFRPSRVLWHV
ZHUHV\QWKHVL]HGZLWKDRQHSRWPHWKRG 6FKHPH 
,QD W\SLFDO SURFHGXUHJRI3OXURQLF)ZDV
GLVVROYHGLQJRIHWKDQROIROORZHGE\WKHDGGLWLRQ
RIJRIK\GURFKORULFDFLGVROXWLRQLQ0DQG
VWLUULQJ IRU  PLQ$IWHU WKDW  PO RI DFHWRQLWULOH
FRQWDLQLQJPPRORI,/ZDVDGGHGGURSZLVHO\WR
WKH DERYH FOHDUVROXWLRQFRQWLQXRXV VWLUULQJIRU
PLQWRJHWDXQLIRUPPL[WXUH7KHQP/RI7(26
ZDVDGGHGVORZO\LQWRWKHDERYHPL[WXUHZLWKYLJRURXVVWLUULQJIRUKIROORZHGE\WKHWUDQVIHUWRDSHWUL
GLVK DQG DW  C IRU  K VXFFHVVLYHO\ WR JHW D
ZKLWHVROLG$IWHUJULQGLQJRIWKH VROLGFDOFLQDWLRQ
ZDVFDUULHGRXWLQDWXEXODUIXUQDFHDWCIRUK
WRJHWWKH)UHPRYHGDQGDWCIRUDQRWKHU
K XQGHU QLWURJHQ IORZ WR JHW:FRQWDLQLQJ FDUERQ
GRSHGPHVRSRURXVVLOLFDQDQRFRPSRVLWHVQDPHGDV
:206& )RU FRPSDULVRQ QR FDUERQGRSHG
PHVRSRURXV VLOLFD QDQRFRPSRVLWHV :206 ZHUH
DOVRSUHSDUHGLQWKHVLPLODUZD\XQGHUDLUIORZ

RESULTS AND DISCUSSION
&KDUDFWHUL]DWLRQRIVDPSOHV7KH)7,5VSHFWUD RI WKH DVSUHSDUHG PDWHULDO DUH VKRZQ LQ )LJ
)RUVXSSRUWHGPDWHULDOVWKHFKDUDFWHULVWLFEDQGVIRU
WKH VLOLFD IUDPHZRUN FRXOG EH REYLRXVO\ REVHUYHG
DURXQG   DQG  FP DWWULEXWHG WR WKH
VWUHWFKLQJ YLEUDWLRQV RI 6L26L DV\P  6L26L
V\P DQGEHQGLQJYLEUDWLRQRI6L26L>@,Q
DGGLWLRQ FRPSDUHG ZLWK WKH SXUH LRQLF OLTXLG
>%PLP@3:2 WKHFKDUDFWHULVWLFSHDNRIYDV :
2F: DWFPDQGYDV : 2 DWFPFRXOG
EHIRXQGZLWKDVOLJKWVKLIWZKLFKPD\EHFDXVHGE\
WKHLQWHUDFWLRQRIWKHWXQJVWHQVSHFLHVZLWKWKH206
VXSSRUW

&KDUDFWHUL]DWLRQ 7KH DVSUHSDUHG PDWHULDOV
ZHUH FKDUDFWHUL]HG E\ PXOWLSOH FKDUDFWHUL]DWLRQ
WHFKQLTXHV )7,5E\1H[XV7KHUPR(OHFWURQ

6&+(0(
7KHVHOIDVVHPEO\DQGV\QWKHVLVSDWKZD\RIFDWDO\VW
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/RZDQJOH $ DQG:LGHDQJOH % ;5'RIYDULRXVVDPSOHV
FDUERQZDVHDVLO\WRFROODSVHFRPSDUHGWRWKDWZLWK
FDUERQ$VDUHVXOWFDUERQFRXOGSOD\DQLPSRUWDQW
UROH RI UHWDLQLQJ RUGHUHG KH[DJRQDO LQ WKH VLOLFD
IUDPHZRUN
:LGHDQJOH;5'SDWWHUQRIWKHK\EULGPDWHULDOV :206 DQG :206& DUH VKRZQ LQ )LJ%
7KHWZRPDWHULDOVH[KLELWHGDVHULHVRISHDNVVLPLODU
WR ammonium phoshpotungstate hydrate (APhT,
PDF#50-0305), indicating the Keggin structure. In
addition, there was a part of P2O5-GRSHG tungsten oxide detected which could be explained to the
decomposition of the surface layer formatting
PW8O26- type bronze as a new phase [44, 45].
7RVWXG\WKHHOHPHQWDOFRPSRVLWLRQRIWKHVHOHFWHG FDWDO\VW ;36 VSHFWUXP RI :206& ZDV
VWXGLHG )LJ ,Q)LJ$DOOHOHPHQWV&6L3DQG
:IRUWKLVPDWHULDOFRXOGEHGHWHFWHGDQGWKHSHDNV
RI:IHPHUJHGLQDQGH9ZHUHGLYLGHGLQ
)LJ% DVVLJQHG WR WKH :9, RI WKH PDWHULDO >@
ZKLFK LQGLFDWHG WKH H[LVWHQFH RI WXQJVWHQ VSHFLHV
7(0LPDJHVRI:206&ZHUHVKRZQLQWKLVVWXG\
)LJ  $'  UHYHDOHG URGOLNH PRUSKRORJLHV DQG
)LJ () VKRZHGEHHKLYHOLNHPRUSKRORJLHVZLWK
XQLIRUP VL]H ZKLFK ZHUH VLPLODU WR 6%$
SHUIRUPLQJ  GLPHQVLRQDO '  RUGHUHG KH[DJRQDO
PHVRVWUXFWXUH ,Q DGGLWLRQ WKH ODUJH XQLWFHOO
SDUDPHWHU D REWDLQHGIURP)LJ'ZDVDERXW
QPDJUHHGZHOOZLWKWKHYDOXHFDOFXODWHGIURPWKH
VPDOODQJOH;5'GDWD

7KH 5DPDQ VSHFWUD RI WKH PDWHULDOV DUH DOVR
VWXGLHGLQ)LJ)RUWKHK\EULGPDWHULDOV:206
DQG :206& WZR FKDUDFWHULVWLF SHDNV LQ WKH UHJLRQRIFPDVVLJQHGWRWKH:2VWUHWFKLQJ
YLEUDWLRQVZHUHREVHUYHGLQGLFDWLQJWKHH[LVWHQFHRI
WXQJVWHQ VSHFLHV LQ WKH K\EULG PDWHULDOV +RZHYHU
:206&DOVRSHUIRUPHGDGLVWLQFWSDLURIEDQGVDW
FPDQGFPZKLFKFRXOGEHLQGH[HGDV
'EDQGDQG*EDQGRIDWRPLFFDUERQFU\VWDOUHVSHFWLYHO\ZKLFKLQGLFDWHGWKHFDUERQIUDPHZRUNLQWKH
PDWHULDOV
7KH;5'SDWWHUQVDUHDOVRSHUIRUPHGWRVWXG\
WKHVWUXFWXUDOLQIRUPDWLRQRIWKHSUHSDUHGPDWHULDOV
)LJ   6PDOODQJOH ;5' SDWWHUQ RI WKH VHOHFWHG
VDPSOHVGLVSOD\HGDEURDGGLIIUDFWLRQSHDNDVVLJQHG
WR>@SODQHDURXQG )LJ$ LQGLFDWLQJDIHDWXUH RI PHVRSRURXV VWUXFWXUH %HVLGHV LW ZDV DOVR
IRXQGWKDWWKHLQWHQVH>@SHDNRI:206&ZDV
UHODWHGWRDGYDOXHRIQP0RUHRYHUWKHSHDN
IRU>@SODQHRI:206&ZDVVKLIWHGWRDORZHU
DQJOHFRPSDUHGZLWKWKDWRI:206LQGLFDWLQJWKH
UHODWLYHO\ ELJJHU SRUH VL]H RI WKH FDUERQGRSHG
PDWHULDOV 7KLV UHVXOW DJUHHG ZHOO ZLWK GDWD RI WKH
%(7DQDO\VLV)XUWKHUPRUHWZRRWKHUSHDNVEHWZHHQ
ƕDQGƕDVVLJQHGWR>@DQG>@IDFHVZHUH
REVHUYHG IRU WKH K\EULG PDWHULDO :206&
VXJJHVWLQJ D V\PPHWU\ RI RUGHUHG ' KH[DJRQDO
SP 7KXV LW FRXOG EH LQIHUUHG WKDW WKH RUGHUHG
KH[DJRQDOPHVRSRURXVVWUXFWXUHRIVDPSOHVZLWKRXW



Volume 26 ± No. 4/2017 pages 2730-2738

© by PSP

Fresenius Environmental Bulletin

B

A

W4f7/2

W4f5/2

Intensity

Si 2s

Intensity

Si 2p

C1s

P2p
W4f

0

100

200

300

400

500

32

B.E.(eV)

34

36

38

40

42

B.E.(eV)

),*85(
;36VSHFWUXPRI $ DQG:IVSHFWUXP % RI:206&

),*85(
7(0LPDJHVRI $& :206&LQWKH>@GLUHFWLRQ () :206&LQWKH>@GLUHFWLRQ ' 
SDUWLDOO\HQODUJLQJRI:206&LQWKH>@GLUHFWLRQ



Volume 26 ± No. 4/2017 pages 2730-2738

© by PSP



Fresenius Environmental Bulletin





' '-0*601( 0-4.(&. *

4$/3,37'201%('&. *





!
!








!
!





















(-$3,5(1(2241(











01(!,'3+/.

),*85(
1LWURJHQDGVRUSWLRQGHVRUSWLRQLVRWKHUPV $ DQGWKH%-+SRUHVL]HGLVWULEXWLRQ % RIWKHVHOHFWHG
VDPSOHV
7$%/(
7KHFDWDO\WLFDFWLYLW\RIGLIIHUHQWFDWDO\VWWRZDUG'%7
(QWU\


a
b

6DPSOH
:206&
:206

6XOIXUUHPRYDO 
&DWDO+2E



&DWDOD



SBET (m2 g-1)



Reaction conditions: m(catalyst) = 0.01 g, T = 60 &, t = 30 min.
Reaction conditions: m(catalyst) = 0.01 g, T = 60 &, t = 30 min, n(H2O2)/n(S) = 3.
DQGDOORIWKHPFRXOGEHUHPRYHGFRPSOHWHO\LQ
PLQDIWHUWKHDGGLWLRQRIR[LGDQWH[FHSW%7ZKLFK
FRXOG RQO\ UHDFK  LQ  PLQ7KH UHDVRQ IRU
WKLVSKHQRPHQRQFRXOGEHDWWULEXWHGWRWKHV\QWKHWLF
HIIHFWRIWKHHOHFWURQGHQVLW\RQWKHVXOIXUDWRPDQG
WKHVWHULFKLQGHUHIIHFW>@

7R IXUWKHU LQYHVWLJDWH WKH SRURXV SURSHUW\ RI
WKHK\EULGPDWHULDOVQLWURJHQDGVRUSWLRQGHVRUSWLRQ
LVRWKHUPVDQGWKH%-+SRUHVL]HGLVWULEXWLRQRIWKH
K\EULG PDWHULDOV DUH SHUIRUPHG LQ )LJ ,W FDQ EH
REVHUYHGWKDW1DGVRUSWLRQ±GHVRUSWLRQLVRWKHUPVRI
WKHPDWHULDO:206& )LJ$ SUHVHQWPRUHVWDQ
GDUGL]HGW\SH,9FXUYHVFRPSDUHGZLWKWKHPDWHULDO
:206DVZHOODVWKHKLJKHU%(7DUHD 7DEOH 
)LJ % VKRZHG WKDW WKH SRUH VL]H RI:206& LV
DURXQGQPDOVRODUJHUWKDQWKDWRIWKH PDWHULDO
:206 )URP %(7 UHVXOWV LW FRXOG EH VXJJHVWHG
WKDW FDUERQGRSLQJ LV EHQHILFLDO WR UHWDLQLQJ WKH
PHVRSRURXVVWUXFWXUHLQWKHVLOLFDPDWHULDOZKLFKLV
ZHOOFRQVLVWHQWZLWKWKHUHVXOWVRIVPDOODQJOH;5'
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LQYHVWLJDWH WKH FDWDO\WLF SHUIRUPDQFH RI GLIIHUHQW
FDWDO\VWV WKH VXOIXU UHPRYDO LV FDUULHG RXW DQG
VXPPDUL]HGLQ7DEOH7KHUHVXOWVH[KLELWHGWKDWDOO
WKH FDWDO\VW SUHVHQWHG ORZ DFWLYLW\ ZLWKRXW +2
EHORZ DQGPXFKKLJKHUDIWHUWKHDGGLWLRQRI
+2,WZDVZRUWKQRWHGWKDWWKHVXOIXUUHPRYDORI
:206&VKRZHGKLJKHUSHUIRUPDQFHWKDQWKDWRI
:206 XQGHUWKH VDPH FRQGLWLRQV ZKLFK PD\EH
DWWULEXWHG WR WKH PXFK ODUJHU VXUIDFH DUHD 7KH
GHVXOIXUL]DWLRQ SHUIRUPDQFH RI GLIIHUHQW VXEVWUDWHV
ZLWK WKH FDWDO\VW:206 LV DOVR FDUULHG RXW XQGHU
WKHVDPHFRQGLWLRQV )LJ ,WFRXOGEHIRXQGWKDW
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7KHGHVXOIXUL]DWLRQSHUIRUPDQFHRIGLIIHUHQW
VXEVWUDWHVZLWKWKH:206&FDWDO\VW
Reaction conditions: m(catalyst) = 0.01 g, T =
60 &, n(H2O2)/n(S) = 3.
7KH UHDFWLRQ SURGXFW ZDV DOVR LQYHVWLJDWHG
WKURXJK*&06DQDO\VLV )LJ ,QGHWDLOWKHXSSHU
RLOSKDVHZDVGLUHFWO\VHSDUDWHGE\GHFDQWDWLRQDQG
WKH XVHG FDWDO\VW ZDV H[WUDFWHG E\ WHWUDFKORUR
PHWKDQH ,Q )LJ $ DQ LQWHQVH SHDN DW  PLQ
DVFULEHG WR WKH LQWHUQDO VWDQGDUG VXEVWDQFH Q
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WHWUDGHFDQH P]    ZDV REVHUYHG LQ WKH *&
DQDO\VLVDQGQRRWKHUSHDNVIRUVXOIXUVSHFLHVZDV
IRXQGLQGLFDWLQJWKDWDOOWKHVXOIXUFRPSRXQGVZHUH
UHPRYHG IURP WKH RLO SKDVH DIWHU UHDFWLRQ 2Q WKH
RWKHUKDQGIRUWKH*&DQDO\VLVRIWKHRUJDQLFSKDVH
H[WUDFWHG E\ WHWUDFKORURPHWKDQH )LJ %  RQO\ D
SHDN DURXQG  PLQ ZDV GHWHFWHG ZKLFK ZDV
DVVLJQHGWRWKHFRUUHVSRQGLQJVXOIRQH '%72P]
 GHPRQVWUDWLQJWKDWWKHR[LGDWLRQSURGXFWRI
'%7H[LVWVLQWKHFDWDO\VWSKDVH
,WLVDOVRRILPSRUWDQFHIRULQGXVWULDODSSOLFD
WLRQWRWKHUHJHQHUDWLRQDQGUHF\FOLQJDELOLW\RIXVHG
FDWDO\VW,QWKLVVWXG\DOOFDWDO\VWVFRXOGEHVHSDUDWHG
DQG FROOHFWHG IDFLOHO\ GXH WR WKH PLVFLELOLW\
PXOWLSKDVH V\VWHPEHWZHHQFDWDO\VWDQG PRGHORLO
7KHUHF\FOLQJSURFHVVRI:206&LVSHUIRUPHGDV
IROORZV VWDQGLQJ WKH GHVXOIXUL]DWLRQ V\VWHP DIWHU
FDWDO\WLF UHDFWLRQ ILQLVKHG IRU D ZKLOH WR GHSRVLW
FDWDO\VW IROORZHG E\ GHFDQWDWLRQ RI WKH XSSHU RLO
SKDVH$QG WKHQ WKH ZHW FDWDO\VW ZDV GULHG LQ DQ
RYHQ DW  C overnight to remove the rest oil,
followed by the addition of fresh model oil in the
same condition. After dispersion of catalyst by
ultrasonic and adding new oxidant, the next catalytic
evaluation was performed as a new cycle. As shown

in Fig. 9, the sulfur removal could still reach over 90%
after recycling for 10 times, indicating that the
catalyst was stable in desulfurization SURFHVV DQG
VKRZHG DQ DSSURYHG SURVSHFW WRZDUG LQGXVWULDO
DSSOLFDWLRQV

CONCLUSIONS
,QWKLVVWXG\FDUERQGRSHGRUGHUPHVRSRURXV
VLOLFDFRQWDLQLQJWXQJVWHQFDWDO\VWVZHUHV\QWKHVL]HG
FKDUDFWHUL]HG DQG HPSOR\HG LQ WKH KHWHURJHQHRXV
R[LGDWLYH GHVXOIXUL]DWLRQ SURFHVV 7KH FRPSDULVRQ
ZLWKQRQFDUERQQDQRFRPSRVLWHZDVLQYHVWLJDWHGWR
LQGLFDWHWKDWFDUERQGRSLQJSOD\HGDQLPSRUWDQWUROH
LQ VXSSRUWLQJ RUGHUHG PHVRSRURXV VWUXFWXUH LQ WKH
VLOLFD$GGLWLRQDOO\WKHGHVXOIXUL]DWLRQSHUIRUPDQFH
RIFDWDO\VWVZDVDOVRVWXGLHGWRLQYHVWLJDWHVWUXFWXUH
DFWLYLW\ UHODWLRQVKLS )XUWKHUPRUH WKH UHDFWLRQ
V\VWHPDIWHUUHF\FOLQJIRUWHQWLPHVFRXOGVWLOOUHDFK
RYHU  LQGLFDWLQJ DQ DSSURYHG SURVSHFW WRZDUG
SRWHQWLDO DSSOLFDWLRQ It was also found that the
reaction SURGXFWof DBT in GHVXOIXUL]DWLRQSURFHVV
ZDVSURSRVHGWREH'%72WKURXJK*&06DQDO\VLV
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7KHUHF\FOLQJGHVXOIXUL]DWLRQSHUIRUPDQFHRI:206&FDWDO\VWReaction conditions: m(catalyst) =
0.01 g, T = 60 &, t = 60 min, n(H2O2)/n(S) = 3.
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[11] 0RQWLFHOOR'-  %LRGHVXOIXUL]DWLRQDQG
WKH XSJUDGLQJ RI SHWUROHXP GLVWLOODWHV &XUU
2SLQ%LRWHFKQRO
[12] *XSWD 1 5R\FKRXGKXU\ 3. DQG 'HE -.
  %LRWHFKQRORJ\ RI GHVXOIXUL]DWLRQ RI
GLHVHO SURVSHFWV DQG FKDOOHQJHV$SSO 0LFUR
ELRO%LRWHFKQRO
[13] .LOEDQH--  0LFURELDOELRFDWDO\VWGHYH
ORSPHQWV WR XSJUDGH IRVVLO IXHOV &XUU 2SLQ
%LRWHFKQRO
[14] =KX:6:DQJ&/L+3:X3:;XQ
6+-LDQJ:&KHQ=*=KDR=/L+0
  2QHSRW H[WUDFWLRQ FRPELQHG ZLWK
PHWDOIUHHSKRWRFKHPLFDODHURELFR[LGDWLYHGH
VXOIXUL]DWLRQ LQ GHHS HXWHFWLF VROYHQW *UHHQ
&KHP
[15] :DQJ&=KX:6;X<+;X+=KDQJ
0&KDR<+<LQ6/L+0DQG:DQJ-*
  3UHSDUDWLRQ RI7L2J&1 FRPSRVLWHV
DQGWKHLUDSSOLFDWLRQLQSKRWRFDWDO\WLFR[LGDWLYH
GHVXOIXUL]DWLRQ&HUDP,QW
[16] 9DUJDV 5 DQG 1XQH] 2   7KH SKRWR
FDWDO\WLFR[LGDWLRQRIGLEHQ]RWKLRSKHQH '%7 
-0RO&DWDO$
[17] +DELEL0+DQG9RVRRJKLDQ+  3KRWR
FDWDO\WLFGHJUDGDWLRQRIVRPHRUJDQLFVXOILGHVDV
HQYLURQPHQWDOSROOXWDQWVXVLQJWLWDQLXPGLR[LGH
VXVSHQVLRQ-3KRWRFKHP3KRWRELRO$

[18] =KX :6 /L +0 +DQJ ;<DQ<6 /X
+'DQG;LD-;  2[LGDWLYHGHVXOIXUL
]DWLRQRIIXHOVFDWDO\]HGE\SHUR[RWXQJVWHQDQG
SHUR[RPRO\EGHQXPFRPSOH[HVLQLRQLFOLTXLGV
(QHUJ\)XHOV
[19] =KDQJ 0 =KX : ;XQ 6 /L + *X 4
=KDR = DQG:DQJ 4   'HHS R[LGDWLYH
GHVXOIXUL]DWLRQRIGLEHQ]RWKLRSKHQHZLWK320
EDVHG K\EULG PDWHULDOV LQ LRQLF OLTXLGV &KHP
(QJ-
[20] /L )7.RX&*6XQ =0+DR<-/LX
5+DQG=KDR'6  'HHSH[WUDFWLYHDQG
R[LGDWLYH GHVXOIXUL]DWLRQ RI GLEHQ]RWKLRSKHQH
ZLWK &+12 FHQWHU GRW 6Q&O FRRUGLQDWHG
LRQLFOLTXLG-+D]DUG0DWHU
[21] /X/&KHQJ6)*DR-%*DR*+DQG+H
0<   'HHS R[LGDWLYH GHVXOIXUL]DWLRQ RI
IXHOVFDWDO\]HGE\LRQLFOLTXLGLQWKHSUHVHQFHRI
+2(QHUJ\)XHOV
[22] /RQJ '/ 7VXQDVKLPD 5 DQG &URQLQ /
  3RO\R[RPHWDODWHV EXLOGLQJ EORFNV IRU
IXQFWLRQDO QDQRVFDOH V\VWHPV $QJHZ &KHP
,QW(G
[23] 1LVDU $ DQG :DQJ ;   6XUIDFWDQW
HQFDSVXODWHGSRO\R[RPHWDODWHEXLOGLQJEORFNV
FRQWUROOHGDVVHPEO\DQGWKHLUFDWDO\WLFSURSHU
WLHV'DOWRQ7UDQV
[24] =KDQJ 0 =KX: /L +;XQ 6 'LQJ -
/LX-=KDR=DQG:DQJ4  2QHSRW
V\QWKHVLV FKDUDFWHUL]DWLRQ DQG GHVXOIXUL]DWLRQ
RI IXQFWLRQDO PHVRSRURXV :0&0 IURP
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transitionmetal oxide needs distinct morphological
and functional CuO nanostructures for the great
diversity of applications. The regular pore structures,
enhanced surface areas, and controlled organization
of primary building units with various dimensions
into ordered superstructures leads to practical
application of hierarchical porous metal oxides [5].
In 2012 Thanikaivelan et al., [6] utilized the
superparamagnetic iron oxide nanoparticles
(SPIONs)-collagen composite for magnetically
removing oil from water in a selective manner. The
nanobiocomposite showed a sustainable sorbent that
can be used in providing a cycle for waste recycling
and environmental cleanup. Rahmanifar et al., [7]
stated the preparation and development of an
adsorbent with of nano metal oxide-chitosan and its
application in pesticide adsorption. The application
of AgO nanoparticles/chitosan beads were studied
for the adsorption of pesticide permethrin. Also, the
same study was performed by Moradi et al., [8] by
using chitosan-ZnO nanoparticles beads to remove
permethrin from water. Fronczyk and Radziemska
test results showed that apple peels and tomato peels
have relatively good adsorption properties for copper
ions removal from aqueous solutions [9]. Also, in
2015 Fronczyk et al., [10] investigated the
performance of natural and engineered limestone
sand for copper removal from groundwater. They
showed that the most suitable reactive material in
PRBs technology is NaOH-modified limestone,
followed by thermally-modified, HNO3-modified,
Fe(III)-modified limestone, and limestone. Liu et al.,
[11] investigated immobilization of chromium using
low-calcium using low-calcium fly ash with

ABSTRACT
Despite the good performance of existing
adsorbent in water treatment, cost-effective and
innovative technologies along with environmental
regulations is required nowadays. For the first time,
synthesis of collagen-CuO nanoparticles (CGCuONPs) composite bead was performed. These
beads were specified by scanning electron
microscopy (SEM), x-ray powder diffraction (XRD)
spectroscopy, and infrared spectroscopy (FT-IR).
Adsorption applications, optimum condition,
adsorption isotherms and kinetics for removal of
cypermethrin were conducted. The optimum factors,
including initial concentration, contact time,
adsorbent dose and pH on the adsorption of pesticide
by collagen loaded with CuO nanoparticles beads
were investigated. Results showed that 0.03 g of the
bionanocomposite in room temperature and pH 7
could remove 94% of the pesticides from the
cypermethrin solution (25 ml, 0.125 mgL-1) by using
the UV spectro-photometer at 278 nm. The CGCuONPs composite beads can serve as the new
promising adsorbent in water treatment applications.

KEYWORDS:
Adsorption; Bioinorganic Chemistry; Metal Oxides;
Nanostructures; UV/Vis Spectroscopy

INTRODUCTION
Increased pesticide usage and inappropriate
sewage disposal methods leas to water resources
pollution and have effects on the environment [1,2].
Pesticides, among persistent organic pollutants, are
found in wastewater of the pesticide industry and the
agriculture drainage industry [3]. As a result, such
water sources can be contaminated with different
ways. The used toxic pesticides can be inserted
directly in water sources by direct washing and
irrigation [4].
CuO as a particularly interesting and promising

FIGURE1
Structure of Cypermethrin
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FIGURE 2
FT-IR spectra for pure collagen (a) and CG-CuONPs composite (b)
A 0.1 g/ml solution of CuONPs was obtained
by dispersing the sample in distilled water by
extensive sonication. Collagen fibers were used to
interact with this solution. The ratio of dry collagen
powder to the CuONPs solution was 100:50.
Typically, 1 g of collagen beads was mixed with 20
ml of water and further treated with 0.5 g of CuONPs
for 2 h under magnetic stirring. The product was then
filtered and dried [6].

the "abruption-abruption-curng" method and they
stated that Cr3+ was immobilized both physically and
chemically.
In this study, the application of collagen beads
were modified with CuO nanoparticles to remove
cypermethrin (Fig.1), [Cyano-(3-phenoxyphenyl)
methyl]3-(2,2-dichloroethenyl)-2,2 dimethylcyclopropane-1-carboxylate, a pyrethroid insecticide [12],
has been proposed. The main goal of this study is to
develop a new nanoadsorbent by using CG±CuONPs
beads and also to find its application in removal of
pesticide from water.

Characterization methods. The fourier
transform infrared spectroscopy (FT-IR) of the
obtained CG-CuONPs was recorded on an FTIR
spectrometer using KBr powder. The surface
morphology features were observed by scanning by
the electron microscope (EM3200, KYKY). The xray diffraction patterns of the resulting
nanocomposite powder was studied by an STOE
Stadi P x-UD\ GLIIUDFWRPHWHU E\ XVLQJ &X .Į
radiation generated at 40 kV and 30 mA in the region
RIșIURPWR

MATERIALS AND METHODS
Materials. Collagen was purchased from
Sigma Chemical Company. Cu(CH3COO)2 .H2O)
was purchased from Merck. Cypermethrin (10%,
HPM) was used in order to prepare the stock solution
of pesticides. Other chemicals were chemical grade
from Merck.
Preparation of CO-CuONPs composite.
Typically, 1 ml of glacial acetic acid was added to an
aqueous solution of copper acetate (0.02 mol) and
heated to 100°C under constant stirring. Till pH 6-7,
about 0.4 g of NaOH was added to the above
solution. Immediately, the black precipitate was
formed. After centrifuging, the precipitate was
rinsed three times with deionized water and then
dried in the air (24 h). After that, the precipitate was
rinsed and finally washed with absolute ethanol for
several times. The CuONPs were obtained by drying
at 60°C for 6h [13].

FIGURE 3
SEM of CG-CuONPs composite
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FIGURE 4
XRD pattern of CG (a) and CG-CuONPs (b) composite
Kinetic studies. The kinetics of adsorption was
obtained by adsorption kinetic experiments. Batch
experiments were conducted under the following
conditions: (i) adsorbent amount: 0.01 g; (ii)
temperature 25°C; (iii) pH: 7; (iv) pesticide solution
concentration 0.125 mgL-1; and (v) mixing speed:
150 rpm. The concentration of cypermethrin in
aqueous solutions was measured by using a UV-Vis
spectrophotometer at 278 nm. The samples were
collected at regular intervals. The adsorption
capacity and removal (%) of cypermehtrin on
adsorbents were calculated by the following
equations:
 ି
q e = బ  V
(1)
R=


బ ି
బ

× 100%

RESULTS AND DISCUSSION
Characterization of adsorbent. The infrared
spectra of collagen and CG-CuONPs are shown in
Fig. 2. The main bands of collagen are at 1650, 1539,
and 1235 cm-1 due to the amide I, II, and III bands,
respectively. The protein amide C=O stretching
vibrations was raised by amide I absorption and
amide N-H bending vibrations, while C-N stretching
vibrations are the basis of amide II. The components
from C-N stretching and N-H make up the amide III
band complex in plane bending from amide linkages,
as well as, absorptions of CH2 groups wagging
vibrations from the glycine backbone and proline
side-chains. Moreover, the representation -OH, CH3 stretching and pyrrolidine rings, respectively,
wear observed at 3425, 2930 and 1434 cm-1 [14,15].
In Fig. 4b, the amide I band at 1650 cm í1 of
native collagen was observed at 1783 cmí1. The
broad peak at 3428 cmí1 in collagen is owing to the
OH stretching band. Confirming metal oxide
interaction with collagen was aided by sharper bands
with shift infrequency.
Scanning electron microscopy (SEM) was used
to investigate the surface morphology of the CGCuONPs composite. SEM studies (Fig. 3) reveal the
globular porous morphology of CG-CuONPs,
indicating the formation of CG-CuONPs composite
so that CuO nanoparticles can be observed with a
size of 43nm. The particles in the nanocomposite
were found with almost spherical morphology.
However, some agglomeration of nanoparticles was
also found due to presence of the capping agent.
Fig. 4 shows the XRD pattern of the pure CG
and CG-CuONPs composite. The broad peak at the

(2)

where qe is the adsorption capacity of the
nanoadsorbent for the cypermethrin solution (mg/g);
C0 and Ce are the initial and liquid phase
concentrations of cypermethrin, respectively; m is
the mass of the nanosorbent (g); and V (L) is the
volume of the cypermethrin solution. R (%) is the
removal efficiency of cypermethrin on the
nanosorbent.
Adsorption Isotherms. Isotherm experiments
were conducted under the following conditions: (i)
adsorbent amount: 0.01 g; (ii) temperature 25°C; (iii)
pH: 7; (iv) contact time: 30 min; (v) mixing speed:
150 rpm; and (vi) pesticide solution concentration
0.05-0.125 mgL-1. The concentration of
cypermethrin in aqueous solutions was measured
using a UV-Vis spectrophotometer at 278 nm.
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ș UDQJH -25° was verified for the diffraction
pattern of collagen (Figure 4a), whose characteristic
is typical of pure collagen. All such features proved
that collagen is a quite amorphous polymer [16,17].
The presence of (111), (111) and (202)
diffraction peaks in the XRD pattern demonstrates
the graphitization and high crystallinity of the
derived carbon materials (Fig. 4b). The diffraction
peaks of copper oxide nanoparticles overlap with the
graphitic carbon peaks. Identical positions of all the
indexed diffraction peaks of CuO are showed
(JCPDS 05-661) [13].
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pesticide would be removed from the solutions.
Binding sites on the surface of the adsorbent are
initially abundant and available. Since many of the
surface sites for adsorption were vacant during the
initial stage, and adsorbing on other vacant surface
sites was difficult because the adsorbate molecules
on the adsorbent repel each other, this phenomenon
occurred [7,8,21]. The equilibration time for further
studies was set at 30 min.

Effect of the amount of adsorbent. The effect
of the sorbent amount (0.001-0.1 g) on the
cypermethrin removal percentage was investigated
by using the CGCuONPs composite while keeping
other parameter constant. The amount of adsorbents
will affect the sorbent capacity for a sorbate
[7,18,19]. Fig. 5 shows the removal percentage of
pesticides (25ml, 0.125 mgL-1) after 30 min with
different amounts of the composite. The variation of
adsorbent concentrations displayed that up to 0.03 g
in 25 ml of the solution, increasing the adsorbent
concentration would increase the removal capacity.
More than 0.03 g of sorbent show that there is no
significant effect on the removal percentage. In fact,
as many as 94% removal of pesticides was found in
the dosage range of 0.03-0.1 g.

FIGURE 6
Effect of agitation time on removal percentage
Effect of cypermethrin initial concentration.
Increasing the initial concentration increased the
adsorbed pesticides on the surface of the
nanocomposite. Fig. 7 illustrates the removal
percentage in the initial concentration of the
cypermethrin solution (0.05-0.125 mgL-1) by 0.03 g
of the CGCuONPs composite. The distribution
coefficient (Rd) has decreased because sorption sites
for sorption sorbate molecules are limited at higher
concentration. Decreasing the removal percentage
by increased initial concentrations could be
explained in the following way: at low
sorbate/sorbent ratios, the sorbate sorption requires
the higher energy sites. In high concentrations of a
pesticide, the higher energy sites are saturated and
sorption will take place on lower energy sites, and,
therefore the removal percentage will decrease
[7,8,18,19,22].

FIGURE 5
Influence of the amount of sorbent on removal
percentage
At higher doses of sorbents (>0.03 g), less
active sites on the nanocomposite are available. At
the same time, the total active surface area and the
sorbent±sorbent interactions increase by increasing
the composite dosage [7,8,18,20]. As many as 0.03
g of CGCuONPs was selected as the optimum
concentration because it was most effective dose for
cypermethrin removal.
Effect of agitation time. Fig. 6 displays the
effect of agitation time (10±60 min) on pesticide
adsorption on the prepared nanocomposite (0.03 g)
DW &  USP RI VKDNHU VSHHG DQG S+§ 7KH
plot shows the increase in cypermethrin adsorption
with regard to time and then reaches a constant value
after 30 min (88%), and beyond that no more

FIGURE 7
Effect of initial pesticide concentration on
removal percentage
Effect of initial pH. Fig. 8 shows that the
influence of pH of the aqueous solution is the most
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pesticide adsorbed at equilibrium; and qt (mg/g) is
the amount of the pesticide adsorbed at time t. The
slope and intercept of ln (qe - qt) versus t determined
the adsorption rate constant k1 and qe.

important parameter in adsorption optimization. The
pH was studied in the range of 3±10 using 0.1 M HCl
and NaOH solutions under: 0.03 g of sorbent dose
and 30 min while all other parameters were kept
constant. According to the results, with increasing
pH, increase in the removal percentage of
cypermethrin will continue up to 8 and then
decrease. The values of pH will be affected.
Therefore, the sorption on to these surfaces is
affected by the pH for example, the surface
properties of the sorbent, i.e., the surface charge of
the sorbent cells [7,8,18].

Pseudo-second-order kinetics model. The
adsorption capacity of the solid phase is basis of the
pseudo-second-order kinetics model [22,24]. The
equation is declared as [25,28]:
௧
ଵ
ଵ
ൌ
ݐ
(2)
మ 


మ 



where qt and qe have mentioned as above; and
k2 (g mg-1 min-1) is the rate constant of pseudosecond-order adsorption [25,29]. The slope and
intercept of the linear plot of t/qt versus t determined
the qe and k2, respectively.
Intra-particle
diffusion
model.
The
intraparticle diffusion model (Weber±Morris model)
considers that diffusion in the sorbent and
convective diffusion in the sorbate solution
influences the sorption process, and the related
equation can be stated as the following [25,30,31]:
qt = Ki  ݐଵȀଶ + C (3)

FIGURE 8
Effect of pH on removal percentage

where ki (mg g-1 min-1/2) as the intraparticle
diffusion rate constant and C as a constant relevant
to the thickness of the boundary layer can be stated.
Mittal et al. [32] stated that if the intraparticle
diffusion is the sole rate limiting step, then the qt
versus t1/2 plots would pass through the origin. Three
linear regions are displayed in each plot, which
concludes that the first one can be due to external
surface adsorption or an instantaneous adsorption
stage. In the second linear portion, under dominance
of the intraparticle diffusion, the cypermethrin
molecules are transported into the CG-CuO
nanoparticle. In the final equilibrium stage, which is
considered as the third step, the adsorption rate will
be slow as the cypermethrin molecules are moved
from larger pores to micropores [33,34].
The fitting parameters of the second linear zone
are presented in Table 1. The values of the intercept
C represented the mass transfer resistance in the
external liquid [22]. As R2 values of the second
linear portion are larger than 0.92, the intraparticle
diffusion model has the suitable application. The
important role of intraparticle diffusion in the uptake
of pesticides by the bionanosorbent is showed by the
linearity of the plots [25].
In Table 1, the correlation coefficient R2 of the
pseudo-second-order kinetics model is close to unity
and the experimental values qe,exp fit well with the
calculated ones qe,cal, indicating that the pseudosecond-order kinetics model is the most suitable for
describing the adsorption kinetics of cypermethrin
on CG-CuONPs.

In the acidic solution, the amount of
cypermethrin adsorbent on the sorbent has decreased
because of occurrence of the phenomenon of partial
dissolution. In the pH range of 6-8, an increase in the
interaction of the sorbate with sorbent functional
groups due to an increase in the attractive forces can
be attributed affecting of the surface of the adsorbent
by excessive hydronium ions, which improves its
adsorption on polar sorbent [7,8,23]. Also, the
electrostatic attraction may increase between the
negatively charged pesticide anions and the
positively charged surface of the sorbent. Above pH
8, the nanocomposite adsorption capacity will
decrease owing to a competition between the sorbent
hydroxyl ions and pesticide anions, [7,8,24].
Adsorption Kinetics. For determining the
adsorption mechanism and the pollutant removal
efficiency by adsorbents, based on the experimental
data, kinetic models are used. The analysis of the
sorption process kinetics is available through
different models including the pseudo-first-order
kinetics model, the pseudo second- order kinetics
model, and intra-particle diffusion model [25].
Pseudo-first-order kinetics model. The linear
form of the Lagergren pseudo-first-order equation
can be expressed as [25,26]:
ln (qe ± qt) = ln qe ± k1t (1)
where k1 (min-1) is the rate constant for the first
order adsorption; qe (mg/g) is the amount of the
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TABLE 1
Adsorption isotherm constants for the adsorption of cypermetrin onto CG-CuONPs at 25 °C
Adsorbents
CGCuONPs

qe,exp

152.7

Pseudo-first-order
qe.cal k1 (*10-2)
70.9

2.71

R2
0.995
4

Pseudo-second-order
qe.cal
K2 (*10-2) R2

Intra-particle diffusion
ki
C
R2

160.0

6.26

0.08

0.9979

110.91

0.9941

TABLE 2
Adsorption isotherm constants for the adsorption of cypermetrin onto CG-CuONPs at 25 °C
Adsorbents
Langmuir
Freundlich
qmax (mg g-1) Ka (L mg-1) R2
Kf (mg mg-1)
1/n
R2
CG-CuONPs
311.26
0.0149
0.9939
1.1610
0.4558 0.9989
Adsorption Isotherms. Prediction of the
maximum adsorption capacity by adsorption
isotherms, including Langmuir and Freundlich,
explores the cypermethrin adsorption behaviour on
bionanosorbent. There are forms of linear Langmuir
and Freundlich adsorptions as follows:

ଵ

ൌ
 
(Langmuir) (4)


ೌ ೌೣ
ଵ

nanocomposite beads was examined and batch
studies were performed. It was demonstrated that the
CG-CuONPs beads had an excellent adsorption
performance. In comparison with collagen beads, the
removal efficiency of the CG-CuONPs beads
increased from 59% to 96% for 25 ml of the
cypermethrin solution (0.125 mgL-1). In conclusion,
the CGCuONPs beads have high capacity as an
adsorbent, which could devise a new biocompatible
and eco-friendly strategy for pesticide removal, and
could be used in the water treatment process.

ೌೣ

(Freundlich) (5)
,QTH  OQ&H,Q.I

where Ce (mg/L) is the equilibrium
concentration; qe (mg/L) as the adsorption amount of
the bionanosorbent under equilibrium condition; and
Ka (L/mg) is the Langmuir equilibrium constant and
qmax (mg/g) is the theoretical maximum monolayer
capacity [25,35]. The intercept and slope of the
linear plot of Ce/qe versus Ce infer qmax and Ka,
respectively. Kf (mg/g) is the adsorption capacity in
the equilibrium concentration unity, while n
represents an index of the diversity of free energies
united with the solute sorption by multiple
components of the heterogeneous sorbent. The
intercept and slope of linear fitting plot of the ln qe
vs. ln Ce, define the values of Kf and n.
Table 2 displays the corresponding isotherm
parameters of cypermethrin on CG-CuONPs and
their correlation coefficients. The R2 values of the
Langmuir isotherm and the Freundlich equation are
0.993 and 0.998, respectively.
The < 1 value of 1/n, implies that the surface of
the adsorbent was heterogeneous. The significant
correlation is showed by the results of the two
equations and proposes that a physical adsorption
mechanism may be involved in the adsorption of the
pesticide on CG-CuONPs. Also, the surface of the
adsorbent may have adsorbed the pesticide by a
monolayer distribution. So, the adsorption of the
pesticide on CG-CuONPs can been described by
these two equations. Additionally, this adsorption
mechanism includes chemical as well as physical
adsorption [4].
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ABSTRACT

INTRODUCTION

Noise pollution because of physiological and
psychological effects on human is one of the
importance environmental pollutants. The most
important sources of this pollution are transportation
and car traffic. The present study was implemented
with an overall goal of assessment of noise pollution
from traffic in Ahvaz, Iran in 2012. In this
descriptive study, 7 roads of the main routes of
Ahvaz which have high density of traffic are selected
and 134 measuring stations were chosen. At
measuring stations, 4 days of week, three time
period, and 1523 measurements were recorded
totally. Each measurement was recorded for 30
minutes. After transferring data to computer, SPSS
and Excel software were applied for statistical
analysis; also T-test and ANOVA were used for
statistical tests. According to result this study the
average of equivalent sound pressure level in all
stations is equal to 76.28 ± 3.12 dB. There was a
statistically significant difference between the mean
values of equivalent sound pressure level on
different roads, different weekdays and various
daytimes (P<0.05). According to the results, it was
found that Ahvaz has a higher noise pollution in
comparison with outdoor permissible limit standard
in Iran. So, it should seriously be taken into
consideration in order to control noise and prevent
the effects.

Developing industrial cities and tendency to
live in large cities have caused people in
metropolises face a number of problems [1-4].
Among the problems that can endanger human
serenity and health is noise pollution [5-7].
According result different studies number of
SHUVRQ¶V H[SRVXUH WR UDLOZD\ DLUFUDIW DQG LQGXVWU\
noise affects are 16, 4 and 1 million persons [5-7].
Exposure to road traffic noise can be cusses
numerous adverse health endpoints [8-13]. The main
sources of noise pollution are traffic and
transportation [14-16]. The capital of Khuzestan
province with a population of 1.2 million persons
and area of 140 square kilometers is Ahvaz city [1720]. Significant urban and industrial developments
and the growth of universities have increased
transportation on roads and routes so that the total
number of vehicles (including bicycles, motorcycles,
talkies, cars, trucks, heavy vehicles, etc.) is over
336710, which caused different kinds of pollution
especially noise pollution in different parts of the
city [21]. In megacities at developed country one of
most important major source of community noise,
especially near a highways is the road traffic. Result
of several studies demonstrated the impact of this
highway and road nuisance [22,23]. In the Gomez
article, noise pollutions from traffic were discussed
as a factor of society health level reduction [24].
Also, in another study in Zanjan, Iran L10, L50, L90,
SPL and NPL indexes are evaluated and showed a
noise level above the standard in different parts of
the city [25]. Another study by Rahmani et al. in
2011 evaluated noise level and developed two noise
determinations, which showed noise level above

KEYWORDS:
Noise pollution, Noise Index, Traffic, Ahvaz, Iran.
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FIGURE 1
Mapping of Ahvaz with location of measuring stations
PM. [37,38]. Noise levels were determined by
CEL/450 scales which are accurate and made based
on international standards. This device has various
models and many applications, so it can measure
several variables [25]. The scale was calibrated
before use and when it was stopped, protective foam
was used to control air effect on the microphone
[39,40]. Measuring was done without catching
people, pedestramts, drivers, shop keepers or
ODQGRZQHU¶VDWWHQWLRQ7KHVFDOHZDVVHWDWWKHKHLJKW
of 1.6m, in the position dB fast and sampling was
done in 30 minutes [41-43]. All measurements were
done on both sides of the roads [42,43]. The studied
indexes are as follows; Leq (Sound pressure Level),
Lmax (Maximum sound Pressure Level), Lmin
(Minimum sound Pressure Level) [39].

standard in Iran [26]. In another study, Lee and et al,
evaluated the model road traffic noise levels and
estimate the human exposure at 25 districts in the
metropolitan Seoul, Republic of Korea [27]. Pichai
analyzed and assessed the effect of traffic noise at
motorway in newly expanded Bangkok-Chonburi
[28]. Another study to evaluate noise levels in Jordan
showed that influential factors on noise levels are
traffic density, speed, honking, and number of lines,
line widths, road slope and pavement [29].
Gundoghu et al showed that the average and
maximum day noise level in Erzurum, Turkey was
above standard [30]. The results of a study modeling
of Road traffic noise in Brazil in 2003 indicated that
people who live or work nearby these roads,
experience above standard noise levels [31]. Also the
result of a study conducted by Ali and Tamura in
Cairo, Egypt, showed above the standard noise level
[32]. One cross-sectional study has found a higher
but non-significant prevalence of hypertension
among male workers exposed to noise levels at
frequencies of 2000, 4000 and 8000 Hz [33].
The main purpose of this study was the
evaluation of noise pollution from the traffic of
Ahvaz, Iran during the year 2012 and comparing the
results with standards.

Statistical Analysis. In the present study, we
used descriptive statistics (frequency, mean, and
standard deviation for each variable). The data were
analyzed by Excel, SPSS, ANOVA and T- test.

RESULTS AND DISCUSSION
The results showed that the average of
equivalent sound level (Leq) in all stations was
76.28± 3.08 dB, which was higher than the
environmental standard in EPA and Iran (65dB)
[44]. Also in all studied roads, days and time periods,
noise level was above the standard. The minimum
and maximum sound pressure Levels were
76.28±3.18 and 68.93±3.36 respectively. Pasdaran
and Behbahani Highways with 73.65±6.20 and
73.09±4.20, and Shahid±chamran and Azadegan
highways with 71.83±2.05 and 71.21±6.43 showed
the highest and lowest average equivalent sound
pressure levels, respectively. Tables 1-2 and Figure
2 show noise pollution parameters of the present
study.
Also by ANOVA and T-test, there was a
considerable difference between the average of

MATERIALS AND METHODS
Study population and exposure assessment.
The descriptive study assessed noise index on 7 city
roads (Pasdaran and Ayatollah ± Behbahani,
Enghelab, shahid±Chamran and Golestan, Shariati
and Azadegan) in 134 given stations in summer
2012. Squares, intersections and spots between them
on these roads were under study [34-36].
Measurements were done in 4 days (Sat, Tues,
Thurs, Fri) representing workdays and weekends
[34]. According Environmental Protection Agency
(EPA), samples were mostly gathered at rush hours
based on investigations, 7-8 AM, 12-13 PM and 8-9
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crowded areas in 8 cities of Nigeria by momentary
sampling 24 hrs. Equivalent sound level and
Maximum environmental sound levels were 84.6
and 1.5 dB in Net A respectively. High maximum
environmental sound level was considered, pertain
to cultural factors, including big African horns by
motorcycles [49]. Alizadeh et al reported the average
sound pressure indexes (L10 ± L50, L90 , LD) in
measuring stations in Sarri, Iran, above standard
(65dB) [50]. The considerable difference between
the average equivalent sound level at different roads,
days, time periods, on Friday and other days of the
week (P<0.05), owing to the passing vehicles load
and their speed mainly. Naddafi and Golmohammadi
reported the same results [39,45]. Noise pollution in
big cities is still a matter of serious social concern;
some of whose causes could be construction and
traffic engineering ones. According to the results,
Noise pollution in Ahvaz, Iran is due to the old urban
residential area traffic issues significantly.

equivalent sound level at different roads, days, and
time periods, on Friday and other days of the week
(P<0.05). But at different stations (on squares,
intersections and interval spots) no significant
difference was observed between Leq.
TABLE 1
The results of measured sound parameters in
Ahvaz, Iran. (2012)
Parameter
Value
Min
Max
Average

Lmax

Lmin

Leq

69.12
95.46
84.32

57.25
80.62
68.93

61.21
91.35
76.28

TABLE 2
The average of noise pollution parameters for
the studied times in Ahvaz, Iran (2012)
Parameter
Lmax
Lmin
Leq
Hours
6-8 A.M
83.19
83.19
72.09
12-13 P.M 83.11
83.11
72.44
8-9 P.M
84.02
84.02
73.34

CONCLUSION
According to the results, it was found that
Ahvaz has a higher noise pollution in comparison
with outdoor permissible limit standard in Iran. So
noise pollution is a matter of serious concern and
causes need to be studied. Traffic management
reforms, using noise controllers, making one way
streets, planting on sides of the roads to absorb the
noise, locating commercial centers out of residential
areas, discarding old vehicles, removing bumps,
using high speed reducers such as traffic sings, speed
limits and speed bumps on lowly traveled streets in
order to reduce noise pollution in different areas of
the city seems to be necessary.

FIGURE 2
The average of Equivalent Sound Pressure Level
in the studied roads
The results showed that the average of
equivalent sound level at all stations was above
standard (65dB). Some studies reported similar
equivalent levels for traffic noise range. According
to report of Babisch in 2014 there was a significant
relationship between coronary heart diseases and
road traffic noise. They demonstrated that per
increase of the weighted day-night noise level L DN
of 10 dB (A) can be increase of the relative risk of
1.08 (95% confidence interval: 1.04, 1.13) [44].
Golmahammadi (2005-2006) reported that the value
for Hamadan, Iran, in all stations to be 69.04±4.25
(dB) [45]. Motallebi Kashani et al in Kashan, Iran,
(2000- 2001) reported that the crowded spots
hospital rooms, and residential ± industrial areas
were 76.7, 65.6, 56.7, 58.7 dB respectively [46].
Belojevic et al. (1977) reported that the noise level
in crowded areas of downtown in Belgrad was above
65 dB (daytime equivalent level 76.5 and the night
were 64.5 dB) [47]. A study conducted in Messina,
Italy showed Leq above 75 dB [48]. Another study
reported the traffic noise level in more than 60
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Proteins have many numerous antigenic
peptide epitopes which is the causative agent of illness. Nevertheless, that is not sufficient. Peptides
used in these vaccines are composed of 20 to 30
amino acids representing a specific epitope of an
antigen are synthesized to form an immunogenic
peptide molecule. Thereby eliminating the allergic
response and avoiding reactogenicity, appropriate
immunologic response is considered adequate for
the activation [12, 13].
The rabies virus genome encodes five major
proteins which are; nucleoprotein (N), phosphoprotein (P), matrix protein (M), glycoprotein (G) and the
viral RNA polymerase (L). Many of peptide sequence of rabies virus indicate antigenic property
[14, 15]. In this study, we synthesized and used antigenic 31D peptide sequence of N protein of rabies
virus [16].
Peptides are often weakly immunogenic when
used stand-alone because of very small size of them.
So peptides need to be conjugated to carry
molecules, for the induction of a strong immune response. The carrier molecules support the activating
of immune system and they are also active in
increasing the chemical stability [12, 17, 18].
Polyacrylic acid (PAA), poly (N-Vinyl-2pyrrolidone-co-acrylic acid), poly (methyl vinyl
ether-co-maleic anhydride) are generally used linear
carriers and the peptides are linked by strong covalent bonds to the carrier. Polyacrylic acid is a weak
polyelectrolyte dependent on the degree of ionization, pH and ionic strength of the aqueous solution.
PAA is used in several immunological studies, drug
delivery systems, enzyme immobilization and it has
a strong adjuvant property for primer and seconder
immune response. In many studies, PAA is used
widely as an example for better understanding and
researching immunostimulatory mechanism of synthetic polyelectrolyte. PAA exhibit adjuvant effects
in many model systems [4, 12, 19, 20, 21, 22, 23].
Conjugations of antigenic peptides with
adjuvant polymers are important for developing new
generation peptide vaccine. For this purpose, in this
research 31D antigenic peptide epitope of rabies virus was conjugated with PAA and this conjugates
were characterized.

ABSTRACT
Rabies virus is a certain acute lethal infection
and the causative agent of the Central Nervous
System. Rabies, the so-called zoonoses, are among
the most important diseases spreading by contagion
from animals to humans in several ways. Conjugation of antigenic peptides with adjuvant polymers
is valuable for developing new generation peptide
vaccine. For this purpose, in this study 31D antigenic
peptide epitope of rabies virus was conjugated with
polyacrylic acid and this conjugates were
characterized with high-performance liquid
chromatography and gel permeation chromatography. The results suggest that bioconjugation of
peptide and polyacrylic acid has a great potential to
be developed into an effective vaccine against to
rabies virus. For future studies, in vitro and in vivo
studies that will be focused on the development of a
new generation peptide vaccine are promising.

KEYWORDS:
Rabies, Synthetic peptide synthesis, Conjugation,
Biopolymer, Polymer carriers, Polyacrylic acid.

INTRODUCTION
Rabies virus is certain acute lethal infection and
the causative agent of the Central Nervous System
(CNS). Rabies are among the most important infectious diseases spreading from animals to humans in
several ways. According to the World Health
Organization (WHO), Rabies is estimated to cause
approximately 55.000 human deaths every year in
the world [1, 2, 3, 4, 5, 6].
Vaccination is the only effective way to prevent
the rabies. Many vaccines have been developed up
to now against rabies [4, 7]. Since the current vaccines are unsatisfactory with their poor outcomes
there has been a remarkable focus on studies of the
development of synthetic peptide vaccines in recent
years [4, 7, 8, 9, 10, 11].
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Activation of carboxyl groups of PAA was
performed in PBS (pH = 5.0) in a molar ratio 2:1
(EDC:AA). EDC mechanism is shown in Figure 1.
PAA and peptide were mixed at pH 5 and after
stirring for 2 hours at room temperature, EDC was
added into this mixture, and stirring was allowed
overnight. And the pH was adjusted to 7.0. with 1 M
NaOH. All conjugates analyzed with gel permeation
chromatography (GPC) and high-performance liquid
chromatography (HPLC).
For (nPeptide/nPAA) rates; the concentration of the
PAA was kept constant and equal to 1 mg/mL in the
conjugation procedure, while the peptide concentrations were changed. For nPAA/npeptide rates; the
concentration of the peptide was kept constant and
equal to 0.2055 mg/mL in the conjugation
procedure, while the polymer concentrations were
changed. The initial molar ratios of bioconjugates
(nPeptide/nPAA=1, 3, 5, 7, 9, 11) and (nPAA/npeptide =0,01;
0,05; 0,1; 0,15; 0,2; 0,25) were calculated using this
equation:
n= c.NA/M
M is the molecular weight of the components,
1$ LV $YDJDGUR¶V Number, and c symbolizes the
concentration of the components in mg/mL [17, 26].

MATERIALS AND METHOD
Materials. In this study, Rabies virus
Nucleoprotein 31D antigenic peptide sequence (WAVYTRIMMNGGRLKR-C) was synthesized with
microwave assisted solid phase peptide synthesis
method [4, 23]. Tryptophan was added to the Nterminus of peptide sequence for fluorescence
spectrophotometry analysis in further studies.
Cystein also added to C-terminus of peptide sequence to increase hydrophilic features. The molecular weight of the peptide was 2055.53 Da. The
isoelectric point (pI) of the peptide was 11.29. The
peptide was hydrophilic and soluble in aqueous
medium.
PAA was obtained from Aldrich (Schnelldorf,
Germany). Water-soluble carbodiimide (EDC) was
purchased from Sigma (Schnelldorf, Germany).
Na2HPO4, NaH2PO4 and NaCl were obtained from
Fluka (Schnelldorf, Germany). NaN3 was obtained
from Applichem (Darmstadt, Germany). Ultrapure
water was obtained from Millipore MilliQ Gradient
system.
Preparation of the 31D peptide-PAA
bioconjugate. In this study, water-soluble polymerpeptide bioconjugates were synthesized in the presence of cross-linker EDC with PAA and Rabies virus
SURWHLQ¶V SHSWLGH HSLWRSH ' VHTXHQFH ZLWK DQWLgenic properties. PAA were used as carrier molecule.
Bioconjugates of Rabies virus protein of 31D peptide epitope sequence which were composed of PAA
polymer with constant rate and peptide with varying
rates (nPAA/nPeptide) and peptide with constant rate and
polymer with varying rates (nPeptide/nPAA) were
synthesized with EDC activation method [25].

Gel permeation chromatography measurements. Rabies virus protein antigenic peptide, PAA
and peptide-PAA bioconjugate were analyzed using
GPC with a triple-detection system. Triple detection
consists of refractive index (RI), right angle light
scattering (LS), and UV detectors, which were
calibrated with PEO (22 kDa) standard solution.
GPC analyses were made using a Shimadzu ShimPack Diol- ௗîௗ FP  FROXPQ DW URRP
temSHUDWXUH3%6 S+ௗ ௗ ZDVXVHGIRUWKHPRELOH
phase and flow rate was set up 1.0 mL/min.

FIGURE 1
Mechanism of water-soluble polymer-peptide bioconjugates are synthesized in the presence of crossOLQNHUµ-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) [4]
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FIGURE 2
a) GPC UV (280nm) choromatogram of peptide b) GPC-UV chromatograms of the conjugates of PAA
with the 31D peptide at different molar ratios (npeptide/nPAA= 1, 3, 5, 7, 9) at pH 7.

FIGURE 3
Peptide, polymer and peptide-polymer conjugates (npeptide/nPAA ratios=1, 3, 5, 7, 9, 11) comparative
chromatogram of GPC Light Scattering

In the Figure 2.a GPC UV chromatogram of
peptide, pure peptide has been shown to give a peak
between 20-24 min's. Figure 2.b shows that peaks of
GPC UV chromatogram of conjugates which starts
10. min. and they are increase proportionally with
increasing of concentration of peptide in conjugates.
Figure 3 illustrates the LS graphs of the
conjugates (npeptide/nPAA =1, 3, 5, 7, 9, 11), peptide
and polymer. LS signal is proportional to (dn/dc) 2,
molecular weight of polymer and concentration.
Increase in the LS signal can be associated with an
increase in the molecular weight of the solute. Pure
SHSWLGH GLGQ¶W KDYH D VWURQJ VLJQDO FRPSDUHG WR
polymer due to the molecular weight of peptide was
smaller. Peaks of the conjugates formed by linking
the peptide to the polymer molecule appears to be
higher than the polymer peak.
HPLC analysis results shown in Figure 4.
HPLC analysis results exhibit elution profile of PAA
close to elution profile of baseline. When the peptide
elution profile is viewed, the peptide is seen as a
peak at 27. min. In the HPLC choromatogram,
conjugates peaks start at 10. min. and and their
intensity of peaks increasing with increasing of
npeptide/nPAA molar ratios. As seen in the Figure 4,

HPLC measurements. Rabies virus protein
antigenic peptide, PAA and peptide-PAA bioconjugate were analyzed using by gel filtration chromatography, with Shim-Pack Precolumn Diol (4.0 mm
x 5 cm) using column Shim-Pack Diol-300 (7.9 mm
x 50 cm) at room temperature. A Shimadzu model
LC-6AD pump was used in different buffers at a
flow rate of 1.0 mL/min. 0.45-mm Sartorius RCmembrane filters for filtering all solutions before
injection. The eluate was monitored at 280 nm using
Shimadzu SPD-10AV VP Model UV±vis detector.

RESULTS AND DISCUSSIONS
Synthetic peptide epitope, PAA, and peptidePAA conjugates for all molar ratios were characterized first with GPC to understand whether the
conjugation was done successfully. The UV chromatogram of peptide and six nPeptide/nPAA ratios of
PAA-Peptide conjugates (npeptide/nPAA = 1, 3, 5, 7, 9,
11; PAA was kept constant and peptide with varying
rates) are illustrated in Fig. 2a and Fig. 2b respectively.
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amount significantly decreases at 24. min. with
increasing molar ratios.
As seen in Figure 6, PAA-Peptide bioconjugates peak areas bigger than peak areas of pure
peptide and polymer. Because GPC RALS chromatograms related to molecular weight and concentration of peptide and polymer. When nPAA/npeptide molar
ratios increases, polymer amount increases and
molecular size increases linearly. This situation conforms with our comment about Figure 2.
When we take a look at the chromatograms
given in Fig. 7, the results are the same as the
nPAA/npeptide molar ratios of Peptide-PAA conjugates
in Figure 4. Peptide peak start at 27. min. and polymer shows elution profile of PAA close to elution
profile of baseline. Conjugates peaks start 10. min.
As the same Figure 4, added peptide amount increase
related to peptide-polymer bioconjugates peaks
areas and they are increases linearly.

peptide concentrations were increased, peak area of
the peptide-PAA conjugate increased. Chromatograms obtained from UV detector of GPC chromatograms were similar to HPLC chromatograms, and
this constitute proof that conjugates were successfully synthesized.
Figure 5 shows that GPC UV choromatogram
of six different nPAA/npeptide molar ratios (nPAA/npeptide
= 0,01; 0,05; 0,1; 0,15; 0,2; 0,25). When these peaks
are analysed which they are the belong to nPAA/npeptide
rates of GPC UV choromatogram in Figure 4, the
molar ratios increase, also the conjugation peak areas
increase. Conjugates peaks starts 11. min., peptide
peak (Figure 2.a) starts at 20. min. As a general rule,
high molecular weight molecules leaves from
column early such as bioconjugates whereas low
molecular weight molecules leaves lately such as
peptide. Our conjugates peaks and this rule is
compatible. Also in Figure 5, unreacted peptide

FIGURE 4
Representative HPLC chromatograms of peptide, polymer and peptide-polymer conjugates
(npeptide/nPAA ratios=1, 3, 5, 7, 9, 11) at 280 nm

FIGURE 5
GPC-UV chromatograms of the conjugates of PAA with the 31D peptide at different molar ratios
(nPAA/npeptide ratios= 0,01; 0,05; 0,1; 0,15; 0,2; 0,25) at pH 7.
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FIGURE 6
Peptide, polymer and peptide-polymer conjugates (nPAA/npeptide ratios= 0,01; 0,05; 0,1; 0,15; 0,2; 0,25)
comparative chromatogram of GPC Light Scattering

FIGURE 7
Representative HPLC chromatograms of Peptide, polymer and peptide-polymer conjugates
(nPAA/npeptide ratios= 0,01; 0,05; 0,1; 0,15; 0,2; 0,25) at 280 nm.

prove the immunologic properties of conjugates that
can prioritize potential synthetic peptide vaccine.

CONCLUSIONS
The aim of this study was to develop an
efficient, reliable and immunogenic synthetic
peptide vaccine prototype for the Rabies virus.
Bioconjugates of 31D antigenic peptide sequence
epitope sequence of rabies virus were synthesized
with PAA polymer at constant rate and peptide at
varying rates (npeptide/nPAA) and then peptide at
constant rate and polymer at varying rates
(nPAA/npeptide). PAA-peptide was conjugated by using
a water soluble carbodiimide 1-ethyl-3-(3dimethylaminopropyl). These bioconjugates were
then analyzed with GPC and HPLC. GPC and HPLC
chromatogram results of npeptide/nPAA and nPAA/npeptide
molar ratios show that if amount of peptide or
polymer increases, the peak areas proportionally
increases. Consequently, bioconjugates were formed
successfully. We assume that 31D rabies antigenic
peptide-PAA conjugates can be synthetic peptide
vaccine against rabies and our future studies will
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impact on the activity against given mycobacteria
could be regarded as fairly comprehensive.

ABSTRACT
The current research was focused on the
synthesis of 2-/3-alkoxyphenylcarbamic acid derivatives 5a±5d containing a salt-forming 4´-(2´-fluorophenyl)piperazin-1´-yl moiety and their in vitro
antimycobacterial investigation. Chemical structures of prepared intermediates and final compounds, which were isolated as salts with hydrochloric acid, were confirmed by the IR, 1H NMR,
and 13C NMR spectral data. In addition, the target
molecules 5a±5d were characterized by the MS as
well as elemental analyses readouts. The final salts
were in vitro screened against Mycobacterium
marinum CAMP 5644, M. kansasii DSM 44162,
M. smegmatis ATCC 700084 and M. avium subsp.
paratuberculosis CIT03, respectively. The isoniazid, rifampicin and ciprofloxacin reference drugs
were tested under the same experimental conditions
as well. It was observed that both 3-alkoxy
substituted derivatives 5c and 5d have shown the
most promising potential against the M. kansasii
strain with the MIC values of 145 μmol·L±1
(molecule 5c) and 70 μmol·L±1 (5d), respectively.
In the light of the structure±antimycobacterial
activity relationships study, it was found that an
alkoxy chain attached to the 3-position and its
elongation (therefore, an increase in lipophilicity)
were considered favorable structural and physicochemical requirements rather than the presence of
the 2-alkoxy group. Those conclusions were consistent with the findings from previous in vitro
screening of those compounds against another
atypical mycobacterium, M. kansasii CNCTC My
235/80. The electronic, steric and lipohydrophilic
properties of the substituent attached to a 4´-(substituted phenyl)piperazin-1´-yl fragment and its

KEYWORDS:
N-arylpiperazines,
non-tuberculous
positional isomerism

mycobacteria,

INTRODUCTION
Mycobacteria are obligately aerobic acid-fast
actinomycetes known for their success in a range of
environments. They span free-living bacteria in soil
and aquatic ecosystems to obligate human and
animal pathogens [1]. The genus Mycobacterium
contains more than 170 species, and it is probable
that more of them will be discovered. Currently,
most of these species are classified as non-tuberculous mycobacteria (NTM) and the mycobacteria,
which belong to the Mycobacterium tuberculosis
complex [2-4].
Historically, human mycobacterial infections
were almost exclusively caused by M. tuberculosis
(MTBC) and an extensive societal impact of this
infection has been legendary. In addition, other
species of Mycobacterium have been identified and,
in many geographical regions, caused greater
clinical disease burden than the MTBC [5]. Those
organisms have been known under a variety of
collective names ± anonymous or atypical mycobacteria, the mycobacteria other than tuberculosis
(MOTT) and the non-tuberculous mycobacteria [5].
An exposure to environmental sources can
presumably result in an infection with ubiquitous
NTM, the opportunistic pathogens in susceptible
hosts. The NTM have been found in a wide variety
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(or even an enhancement) and to contribute to
knowledge for a complex structure±antimycobacterial activity relationships study.

of habitats, to which humans have been exposed,
including drinking water distribution systems and
household water, workplaces, hospitals or household plumbing [6]. The increase in the NTM infections in recent years has been remarkable. For
example, the prevalence of diseases, which were
caused by those organisms, was reported to be
between 1.6 to 1.8 per 100,000 population in the
1980s, but recent North American studies have
reported a higher prevalence of 14.1 per 100,000
[7]. In addition, pulmonary [8-12] or skin and soft
issue [13-15] infections after trauma, surgery, or
cosmetic procedures due to the NTM appear to be
increasing in incidence worldwide.
The compounds 5a±5d (Figure 1, Scheme 2),
which contained a 2-/3-alkoxyphenylcarbamoyloxy
fragment (alkoxy=methoxy or ethoxy), a 2-hydroxypropane-1,3-diyl connecting chain and a salt-forming 4-(2-fluorophenyl)piperazin-1-yl moiety,
were preliminary in vitro tested against tuberculous
mycobacterial strains. That spectrum of strains consisted of a virulent M. tuberculosis CNCTC My
331/88 (identical with H37Rv strain), an avirulent M.
tuberculosis H37Ra [16, 17], M. kansasii CNCTC
My 235/80, M. avium CNCTC My 330/88 and a
clinical isolate of M. kansasii 6 509/96 [18] as well.
It was found that some of the investigated derivatives were regarded as promising agents, especially
against M. tuberculosis CNCTC My 331/88 [16].
On the other hand, for those compounds, no
synthetic routes or spectral data have been
published yet. Following given, the purpose of the
current research would be to introduce the
synthesis, the comprehensive spectral characterization and the in vitro screening of the molecules 5a±
5d against a spectrum of different mycobacterial
strains, namely M. marinum CAMP 5644, M. kansasii DSM 44162, M. smegmatis ATCC 700084
and M. avium subsp. paratuberculosis CIT03.
Furthermore, the research could also reveal some
structural features of those derivatives, which might
appear to be essential for the potency maintenance

MATERIAL AND METHODS
Equipments and Measurements. All the
chemicals used for the synthesis were commercially
available from common suppliers (Alpha Aesar,
Lancaster, United Kingdom; Fluka, Merck, Sigma-Aldrich, Germany; Lachema, LachNer, Czech
Republic) and were used without further purification. Solvents were dried and freshly distilled before use.
Melting points (m.p.) of synthesized solid
reaction intermediates and final compounds were
determined on an electrical thermometer Stuart
SMP 11 (Lennox Laboratory Suppliers, Ireland),
the obtained values were uncorrected.
The intermediates´ and final salts´ Rf values
were determined by the thin-layer chromatography
(TLC) on the 10 cm aluminium sheets pre-coated
with silica gel 60 F254 (0.25 mm thickness; Merck,
Germany) in glass developing chambers. A mixture
of petroleum ether/diethyl ether (1:2, v/v) was used
as the S1 mobile phase in order to check purity of
prepared derivatives, which contained an oxiran-2-ylmethyl moiety (compounds 3a±3d, Scheme 1).
The acetone/petroleum ether (2:3, v/v) mobile phase
(S2) was used to check the purity of prepared basic
forms (5aB±5dB, Scheme 2). Furthermore, both S3
and S4 mobile phases, which consisted of petroleum
ether/diethylamine (8:3, v/v; S3) and chloroform/cyclohexane/diethylamine (6:3:1, v/v; S4), were
applied for the study of final chlorides (5a±5d,
Scheme 2). Spots were located under iodine
vapours/UV light using the UV/VIS lamp Kruss UV
240, 230 VAC (A. Kruss Optronic, Germany) at the
wavelength of Ȝmax=254 nm and reported in the Rf
values.

FIGURE 1
Chemical structure of previously antimycobacterially tested compounds 19a±23d. The derivatives
containing R1=C3H7/C4H9 have shown the most promising potential against M. avium subsp.
paratuberculosis (CIT03).
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SCHEME 1
r)-oxiran-2-ylmethyl-2-/3-alkoxyphenylcarbamates
The synthetic route of reaction intermediates, (r
3a±3d.

SCHEME 2
The synthetic route of final compounds, 1-[3-(2-/3-alkoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chlorides 5a±5d.
frequencies ȣmax were reported in reciprocal centimeters (cm±1) in the recorded middle IR spectrum
range of 4000 to 400 cm±1.
The liquid chromatography mass spectral data
(LC/MS) of final compounds were measured on the
chromatographic apparatus consisted of the Liquid
Chromatography Agilent Infinity System (Agilent
Technologies, USA) equipped with the gradient
pump Infinity 1260, automatic injector 1260 HiPals,
column thermostat 1290, photo-diode array detector
Infinity 1290 and Accurate-Mass Quadrupole Time-of-Flight 6520 detector (Agilent Technologies,
USA) and a personal computer with the ChemStation software tool (Agilent Technologies, USA)
for the data registration and calibration.
Nebulization gas (nitrogen) flow was 10
L·min±1 at the pressure of 40 psi. MS Electrospray
was operated at the capillary voltage of 3.5 kV, a
fragmentor was 140 V, and the temperature was set
to 350°C. The synthesized final compounds were
dissolved in LC-MS grade methanol (J.T. Baker,
Netherlands) in the concentration of c=1 mg·mL±1,
the injection volume was 2 ȝ/7KHIUDJPHQWVZHUH

The 1H NMR/13C NMR spectral data of
prepared molecules were run on the FT-NMR
spectrometer Gemini 300 (Varian, USA) operating
at 300 MHz (1H NMR) and at 75 MHz (13C NMR),
respectively, in dried CH2Cl3 (intermediates) or in
dried DMSO-d6 (target compounds). Chemical
shifts were reported in the į scale in the pars per
million units (ppm), coupling constants J were
given in Hertz (Hz) and spin multiplicities were
expressed as: s (singlet), br s (broad singlet), d
(doublet), dd (double doublet), t (triplet), q (quartet)
and m (multiplet), respectively. A complete assignment of the 1H and 13C NMR resonances was based
on the interpretation of standard NMR data.
The signals of deuterated chloroform (CH2Cl3,
į=77.0 ppm) and tetramethylsilane (TMS, į=0.0
ppm) were used as internal standards for the 13C and
1
H NMR spectra calibration when verifying a
chemical structure of the intermediates and final
derivatives, respectively.
The FT-IR (IR) spectra were obtained by an
ATR technique on the FT-IR spectrophotometer
Impact 410 (Thermo Nicolet, USA). The absorption
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(r)-Oxiran-2-ylmethyl-2-methoxyphenylcarbamate
(3a)
Yield: 68%; m.p.: 68±69°C; Rf (S1): 0.51; IR
ȣmax (KBr/cm±1): 3294, 3060, 2988, 2962, 2875,
2835, 1728, 1603, 1537, 1460, 1329, 1252, 1061,
737; 1H NMR (300 MHz, CH2Cl3) į: 2.70 (2H, t,
J=2.8 Hz), 2.88 (2H, t, J=2.8 Hz), 3.25 (1H, m),
3.86 (3H, s), 6.87±7.02 (4H, m), 7.35 (1H, s);
13
C NMR (75 MHz, CH2Cl3) į: 44.0, 51.2, 55.6,
64.0, 112.5, 120.0, 122.2, 128.4, 128.9, 147.2,
154.0.

described as the relationship between atomic mass
units and a charge (m/z); the recorded interval was
of 50 to 1000 m/z.
The UV/VIS spectra of final derivatives were
recorded by the UV diode array spectrophotometer
Vectra 8452A (Hewlett-Packard, Germany) in the
UV region of Ȝ=190±350 nm at appropriate wavelength maxima using a 1 cm quartz cell. The spectra
of particular compounds were carried out at room
temperature measuring their methanolic solutions
with the concentration of c=5.00 × 10±5 mol·L±1.
The molar absorption coefficients İ values (log İ)
were calculated according to the Lambert-Beer law.
An elemental analysis (% C, H, N) of final
substances was carried out by the Perkin-Elmer
2400 Series-II Elemental Analyzer (Perkin-Elmer,
USA).

(r)-Oxiran-2-ylmethyl-2-ethoxyphenylcarbamate
(3b)
Yield: 65%; m.p.: 63±66°C; Rf (S1): 0.59; IR
ȣmax (KBr/cm±1): 3315, 3064, 2989, 2932, 2879,
2838, 1705, 1601, 1541, 1453, 1324, 1256, 1062,
738; 1H NMR (300 MHz, CH2Cl3) į: 1.45 (3H, t,
J=6.8 Hz), 2.71 (2H, t, J=2.6 Hz), 2.90 (2H, t,
J=2.6 Hz), 3.20 (1H, m), 4.11 (2H, q, J=6.8 Hz),
6.87±7.00 (4H, m), 7.35 (1H, s); 13C NMR (75
MHz, CH2Cl3) į: 14.4, 44.2, 51.4, 64.0, 64.8,
112.8, 119.5, 120.4, 127.1, 147.6, 154.0, 155.6.

Synthesis. (1) General procedure for the
preparation of (r)-oxiran-2-ylmethyl-2-/3-alkoxyphenylcarbamates (3a±3d). Oxiran-2-ylmethyl-2-/3-alkoxyphenylcarbamates (where alkoxy=
methoxy or ethoxy group) were synthesized by an
addition of (r)-oxiran-2-ylmethanol to 2-/3-alkoxyphenyl isocyanates, which were commercially
available (Sigma-Aldrich, Germany). Synthetic procedures and principles employed were published
previously when preparing structurally similar
compounds [19-21]. In the first step of the current
synthesis, a nucleophilic agent (r)-oxiran-2-ylmethanol 2 was used instead of (r)-2-(chloromethyl)oxirane, which was chosen as a starting
compound in the research papers [19-21], to
introduce an (r)-oxiran-2-ylmethyl moiety into
a carbon atom of 2-/3-alkoxyphenyl isocyanates 1a±
1d (Scheme 1).
In brief, into a stirred solution of particular 2or 3-alkoxyphenyl isocyanate, namely 1a (3.73 g,
25.0 mmol), 1b (4.08 g, 25.0 mmol), 1c (3.73 g,
25.0 mmol) or 1d (4.08 g, 25.0 mmol) in 50 mL of
anhydrous (dried) toluene, a solution of (r)-oxiran-2-ylmethanol 2 (1.85 g, 25.0 mmol) in 25 mL of an
anhydrous toluene was added dropwise and the
reaction system was kept 10 h at 65°C (Scheme 1).
Once the reaction appeared to be completed by the
TLC analysis, the solvents were removed in vacuo.
Solid intermediates were dissolved in chloroform,
washed with 3 u 100 mL of distilled water, dried
over an anhydrous potassium carbonate, filtered and
concentrated in vacuo again to give solid crude
products, which were recrystallized from propan-2-ol. An identity and a purity of prepared intermediates 3a±3d was verified by the measuring and
interpreting of their IR, 1H NMR and 13C NMR
spectra, respectively, as well as by the determination of the Rf values from the TLC using a S1
mobile phase. Full characterization data for the
compounds 3a±3d (Scheme 1), isolated as
colourless solids, are given below.

(r)-Oxiran-2-ylmethyl-3-methoxyphenylcarbamate
(3c)
Yield: 68%; m.p. 65±67°C; Rf (S1): 0.54; IR
ȣmax (KBr/cm±1): 3283, 3091, 2970, 2956, 2869,
2837, 1735, 1600, 1552, 1460, 1335, 1228, 1064,
762; 1H NMR (300 MHz, CH2Cl3) į: 2.69 (2H, t,
J=2.7 Hz), 2.88 (2H, t, J=2.8 Hz), 3.28 (1H, m),
3.79 (3H, s), 6.60±6.90 (4H, m), 7.27 (1H, s);
13
C NMR (75 MHz, CH2Cl3) į: 44.2, 50.8, 55.4,
64.5, 110.5, 113.8, 116.4, 129.4, 136.2, 153.8,
160.0.
(r)-Oxiran-2-ylmethyl-3-ethoxyphenylcarbamate
(3d)
Yield: 70%; m.p.: 70±73°C; Rf (S1): 0.61; IR
ȣmax (KBr/cm±1): 3289, 3089, 2976, 2931, 2881,
2838, 1738, 1601, 1556, 1457, 1340, 1235, 1059,
755; 1H NMR (300 MHz, CH2Cl3) į: 1.40 (3H, t,
J=7.0 Hz), 2.68 (2H, t, J=2.6 Hz), 2.88 (2H, t,
J=2.6 Hz), 4.07 (2H, q, J=7.0 Hz), 6.85±6.89 (4H,
m), 7.10 (1H, s); 13C NMR (75 MHz, CH2Cl3)
į: 14.5, 44.4, 51.0, 64.5, 64.6, 109.8, 110.6, 113.5,
129.0, 136.8, 153.8, 160.1.
(2) General procedure for the preparation
of 3-[4-(2-fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (2-/3-alkoxyphenyl)carbamates (5aB±
5dB). The prepared (r)-oxiran-2-ylmethyl-2-/3-alkoxyphenylcarbamates were dissolved in 50 mL
of an anhydrous ethanol, namely 3a (2.23 g, 10.0
mmol), 3b (2.37 g, 10.0 mmol), 3c (2.23 g, 10.0
mmol) or 3d (2.37 g, 10.0 mmol) and reacted with
a commercially available 1-(2-fluorophenyl)piperazine 4 (1.80 g, 10.0 mmol) in 25 mL of an
anhydrous ethanol in the next step of the synthesis
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(Scheme 2). Those mixtures were continuously
stirred and heated for 9 h, then were kept at room
temperature and stirred for 15 h. Gentle cooling and
stirring of that particular reaction systems provided
crude intermediates. Once the reaction appeared to
be completed (verification by the TLC), the
solvents were removed in vacuo and the
intermediates were dissolved in a chloroform
medium. The organic layer was treated with
3 × 100 mL of distilled water, dried over an
anhydrous potassium carbonate, filtered and
concentrated in vacuo again to give crude
intermediates 5aB±5dB, chemically 3-[4-(2-fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (2-/3-alkoxyphenyl)carbamates (Scheme 2). Full characterization data for the compounds 5aB±5dB,
isolated as oily substances, are given below.

3-[4-(2-Fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (3-ethoxyphenyl)carbamate (5dB)
Yield: 78%; Rf (S2): 0.78; IR ȣmax (KBr/cm±1):
3412, 3050, 2972, 2952, 2871, 2826, 1733, 1608,
1540, 1502, 1451, 1344, 1228, 1064, 753; 1H NMR
(300 MHz, CH2Cl3) į: 1.36 (3H, t), 2.63 (4H, t),
2.78 (4H, t), 3.70 (2H, q), 4.00 (1H, m), 4.28 (2H,
d, J=2.4 Hz), 4.34 (2H, d, J=2.4 Hz), 6.50±6.60
(1H, s), 6.90±7.20 (8H, m), 7.30 (s, 1H); 13C NMR
(75 MHz, CH2Cl3) į: 12.2, 50.5, 50.5, 53.4, 53.4,
60.2, 63.4, 65.5, 67.3, 105.0, 109.8, 111.3, 116.0,
116.2, 119.2, 122.4, 129.3, 138.0, 139.9, 153.4,
155.9, 160.1.
(3) General procedure for the preparation
of 1-[3-(2-/3-alkoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium
chlorides (5a±5d). An addition of a saturated
solution of hydrogen chloride in diethyl ether to the
particular solutions of the prepared basic compounds 5aB±5dB in 40 mL of chloroform and
continuous moderate stirring for 2 h provided
required crude salts. The solvents were removed
in vacuo and isolated crude products were purified
by the recrystallization from propan-2-ol. An
identity and a purity of the final molecules 5a±5d
was verified by the measuring and interpreting
of their IR, 1H NMR and 13C NMR spectra,
respectively, as well as by the determination of the
Rf values from the TLC using both S3 and S4 mobile
phases. Full characterization data for the target
compounds 5a±5d (Scheme 2), isolated as
colourless solids, are given below.

3-[4-(2-Fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (2-methoxyphenyl)carbamate (5aB)
Yield: 85%; Rf (S2): 0.70; IR ȣmax (KBr/cm±1):
3426, 3060, 2964, 2952, 2875, 2835, 1720, 1601,
1533, 1512, 1458, 1345, 1231, 1045, 752; 1H NMR
(300 MHz, CH2Cl3) į: 2.81 (4H, t), 3.61 (4H, t),
3.88 (3H, s), 4.03 (1H, m), 4.30 (2H, d, J=3.0 Hz),
4.37 (2H, d, J=3.0 Hz), 6.87±7.26 (1H, s), 6.90±
7.07 (8H, m), 7.41 (1H, s); 13C NMR (75 MHz,
CH2Cl3) į: 46.9, 50.9, 52.3, 56.0, 57.8, 60.2, 65.7,
67.0, 109.5, 116.2, 120.0, 120.8, 121.4, 122.5,
124.0, 127.7, 128.0, 139.5, 150.3, 153.8, 155.8.
3-[4-(2-Fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (2-ethoxyphenyl)carbamate (5bB)
Yield: 77%; Rf (S2): 0.74; IR ȣmax (KBr/cm±1):
3428, 3066, 2978, 2935, 2868, 2826, 1745, 1602,
1533, 1512, 1449, 1352, 1232, 1060, 755; 1H NMR
(300 MHz, CH2Cl3) į: 1.42 (3H, t), 2.50 (4H, t),
3.10 (4H, t), 4.08 (2H, q), 4.10 (1H, m), 4.31 (2H,
d, J=2.8 Hz), 4.37 (2H, d, J=2.8 Hz), 6.86±7.23
(1H, s), 6.90±7.07 (8H, m), 7.40 (1H, s); 13C NMR
(75 MHz, CH2Cl3) į: 14.6, 47.8, 47.8, 52.2, 52.3,
58.3, 60.2, 65.8, 66.2, 104.5, 108.5, 112.4, 118.0,
119.9, 122.9, 125.0, 128.4, 137.9, 145.5, 153.7,
154.9, 155.5.

1-[3-(2-Methoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chloride
(5a)
Yield: 79%; m.p.: 191±193°C; Rf (S3): 0.30;
Rf (S4): 0.66; Anal. Calcd. for C21H27O4ClFN3: C,
57.34; H: 6.19; N: 9.55; Found %: C, 56.99; H:
6.21; N: 9.37; IR ȣmax (KBr/cm±1): 3388, 3060,
2962, 2948, 2875, 2833, 2596, 1723, 1602, 1532,
1503, 1461, 1341, 1235, 1067, 750; 1H NMR (300
MHz, DMSO-d6) į: 3.27 (4H, m), 3.49 (4H, m),
3.65 (2H, m), 3.82 (3H, s), 4.07 (2H, d, J=5.0 Hz),
4.36 (1H, m), 5.95 (1H, m), 6.89±7.23 (7H, m),
7.72 (1H, d, J=7.9 Hz), 8.41 (1H, s), 10.65 (1H,
m); 13C NMR (75 MHz, DMSO-d6) į: 46.8, 51.1,
52.6, 55.7, 58.3, 63.5, 66.1, 111.2, 116.2, 119.6,
120.4, 121.0, 123.5, 124.2, 125.0, 126.9, 138.3,
149.7, 153.4, 154.9; MS (m/z): 404.1987; UV/VIS
(methanol), Ȝmax nm (log İ): 208 (4.84), 238 (4.29),
278 (3.91).

3-[4-(2-Fluorophenyl)piperazin-1-yl]-2-hydroxypropyl (3-methoxyphenyl)carbamate (5cB)
Yield: 74%; Rf (S2): 0.74; IR ȣmax (KBr/cm±1):
3418, 3062, 2998, 2945, 2874, 2821, 1722, 1598,
1538, 1502, 1454, 1348, 1230, 1058, 758; 1H NMR
(300 MHz, CH2Cl3) į: 2.64 (4H, t), 2.82 (4H, t),
3.04 (3H, s), 4.06 (1H, m), 4.29 (2H, d, J=2.8 Hz),
4.35 (2H, d, J=2.8 Hz), 6.60±6.70 (1H, s), 6.90±
7.20 (8H, m), 7.35 (1H, s); 13C NMR (75 MHz,
CH2Cl3) į: 50.5, 50.6, 53.4, 53.4, 55.2, 60.1, 65.5,
67.3, 104.8, 109.3, 111.1, 116.1, 119.0, 122.5,
124.4, 129.7, 139.1, 139.9, 153.4, 155.8, 160.3.

1-[3-(2-Ethoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chloride
(5b)
Yield: 71%; m.p.: 101±104°C; Rf (S3): 0.41;
Rf (S4): 0.69; Anal. Calcd. for C22H29O4ClFN3: C,
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58.21; H: 6.44; N: 9.26; Found %: C, 57.95; H:
6.14; N: 9.05; IR ȣmax (KBr/cm±1): 3420, 3067,
2983, 2938, 2874, 2840, 2445, 1747, 1603, 1531,
1502, 1453, 1350, 1230, 1044, 756; 1H NMR (300
MHz, DMSO-d6) į: 1.37 (3H, t, J=7.0 Hz), 3.13±
3.74 (10H, m), 3.98 (2H, q, J=6.9 Hz), 4.09 (2H, d,
J=4.8 Hz), 4.30±4.41 (1H, m), 5.97 (1H, br s),
6.86±7.29 (7H, m), 7.74 (1H, d, J=7.9 Hz), 8.25
(1H, s), 9.78 (1H, br s), 10.94 (1H, br s); 13C NMR
(75 MHz, DMSO-d6) į: 14.6, 46.5, 51.0, 52.4, 58.2,
62.8, 63.6, 65.9, 104.4, 108.2, 110.4, 115.2, 119.8,
123.0, 124.5, 129.5, 138.0, 140.2, 153.2, 154.8,
158.8; MS (m/z): 418.2130; UV/VIS (methanol),
Ȝmax nm (log İ): 208 (4,65), 238 (4,48), 278 (4,17).

mycobacterial strains were tested: M. marinum
CAMP 5644, M. kansasii DSM 44162, M. smegmatis ATCC 700084 and M. avium subsp. paratuberculosis CIT03 (abbreviation used: MAP).
Reference drugs. Isoniazid (INH), rifampicin
(RIF) and ciprofloxacin (CPX; all those compounds were obtained form Sigma-Aldrich, Germany) were used as the standards as they are clinically applied antimycobacterial drugs.
Determination of the minimum inhibitory
concentration (MIC) values against the M. marinum CAMP 5644, M. kansasii DSM 44162 and
M. smegmatis ATCC 700084 strains. The broth
dilution micromethod in the Middlebrook 7H9
medium (Difco, USA) supplemented with the BD
BBL Middlebrook ADC Enrichment (Becton,
Dickinson and Comp., USA) was used to determine
the minimum inhibitory concentration (MIC) data as
previously described [22, 23].
The compounds were dissolved in dimethyl
sulfoxide (DMSO; Sigma-Aldrich, Germany), and
the final concentration of DMSO did not exceed
2.5% of the total solution composition. Final
concentrations of the evaluated compounds ranging
from 256 ȝPROā/±1 WRȝPROā/±1 were obtained
by a two-fold serial dilution of the stock solution
in a microtiter plate with a sterile medium. Bacterial
inocula were prepared by transferring the colonies
from a culture to sterile water. The cell density was
adjusted to the 0.5 McFarland units using the
densitometer Densi-La-Meter (LIAP, Latvia). The
final inoculum was made by the 1:1000 dilution of
the suspension with sterile water. The drug-free
controls, sterility controls and the controls consisted
of a medium and DMSO alone were included. The
determination of the results was performed visually
after 3 days of static incubation in the darkness
at 37ºC in an aerobic atmosphere for M. smegmatis,
after 7 days of static incubation in the darkness
at 37ºC in an aerobic atmosphere for M. kansasii
and after 21 days of static incubation in the
darkness at 28ºC in an aerobic atmosphere for
M. marinum [23].
The MICs were defined as the lowest
concentration of the compound, at which no visible
bacterial growth was observed. The MIC readout
has been routinely and widely used in bacterial
assays and has been a standard detection limit
according to the Clinical and Laboratory Standards
Institute (CLSI, www.clsi.org). The results, which
were expressed in the μmol·L±1 units, are
summarized in Table 1.

1-[3-(3-Methoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chloride
(5c)
Yield: 75%; m.p.: 225±228°C; Rf (S3): 0.21;
Rf (S4): 0.39; Anal. Calcd. for C21H27O4ClFN3: C,
57.34; H: 6.19; N: 9.55; Found %: C, 57.02; H:
6.28; N: 9.36; IR ȣmax (KBr/cm±1): 3240, 3067,
3000, 2947, 2875, 2840, 2608, 1724, 1599, 1502,
1458, 1342, 1228, 1037, 751; 1H NMR (300 MHz,
DMSO-d6) į: 3.27 (4H, m), 3.49 (4H, m), 3.65 (2H,
m), 3.72 (3H, s), 4.10 (2H, d, J=5.0 Hz), 4.38 (1H,
m), 5.96 (1H, m), 6,59 (1H, dd, J=7.9 Hz, J=2.1
Hz) 7.02±7.22 (7H, m), 9.79 (1H, s), 10.64 (1H,
m); 13C NMR (75 MHz, DMSO-d6) į: 46.7, 51.0,
52.4, 54.8, 58.2, 63.4, 65.8, 104.1, 107.6, 110.5,
116.1, 119.4, 123.3, 124.9, 129.5, 138.2, 140.1,
153.0, 154.7, 159.5; MS (m/z): 404.1970; UV/VIS
(methanol), Ȝmax nm (log İ): 212 (4.73), 238 (4.55),
278 (3.84).
1-[3-(3-Ethoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chloride
(5d)
Yield: 72%; m.p.: 204±207°C; Rf (S3): 0.28;
Rf (S4): 0.42; Anal. Calcd. for C22H29O4ClFN3: C,
58.21; H: 6.44; N: 9.26; Found %: C, 58.16; H:
6.42; N: 9.24; IR ȣmax (KBr/cm±1): 3265, 3052,
2976, 2942, 2873, 2829, 2605, 1736, 1610, 1551,
1502, 1455, 1347, 1228, 1057, 757; 1H NMR (300
MHz, DMSO-d6) į: 1.32 (3H, t, J=6.9 Hz), 3.29
(4H, m), 3.49 (4H, m), 3.66 (2H, m), 3.95 (2H, q,
J=6.9 Hz), 4.10 (2H, d, J=5.0 Hz), 4.38 (1H, m),
5.96 (1H, m), 6.57 (1H, dd, J=7.9 Hz, J=2.05 Hz),
7.02±7.22 (m, 7H), 9.79 (1H, s), 10.77 (1H, m); 13C
NMR (75 MHz, DMSO-d6) į: 14.6, 46.7, 51.1,
52.4, 58.3, 62.7, 63.4, 65.8, 104.5, 108.1, 110.4,
115.0, 119.4, 123.3, 124.9, 129.4, 138.2, 140.1,
153.0, 154.7, 158.8; MS (m/z): 418.2127; UV/VIS
(methanol), Ȝmax nm (log İ): 212 (4.65), 240 (4.38),
278 (3.67).

Determination of the MIC values against
the Mycobacterium avium subsp. paratuberculosis (CIT03) strain. The clinical isolate of MAP
was grown in the Middlebrook broth (MB), which

In Vitro Antimycobacterial Susceptibility
Testing. Microorganisms. For the in vitro activity
evaluation of prepared compounds 5a±5d, following
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TABLE 1
The MIC values of the compounds under the study 5a±5d and standard drugs isoniazid (INH), rifampicin
(RIF) and ciprofloxacin (CPX) against selected mycobacterial strains.
Entry

M. marinum
291
5a
282
5b
291
5c
282
5d
467
INH
2.43
RIF
12.07
CPX
a
MAP, M. avium subsp. paratuberculosis (CIT03).

MIC/μmol·L±1
M. kansasii
M. smegmatis
582
>582
282
564
145
582
70
564
29.17
117
0.15
19.40
24.10
6.04

was supplemented with the Oleic-Albumin-Dextrose-Catalase supplement (OADC; Becton, Dickinson and Comp., USA) and the mycobactin
J (c=2 ȝJāP/±1). An identification of the isolate was
performed using biochemical and molecular
protocols [24].
At a log phase growth, a culture sample (10
mL) was centrifuged at 15,000 rpm/20 min using
the bench top centrifuge Model CR 4-12 (Jouan,
USA). Following removal of the supernatant, the
pellet was washed in a fresh Middlebrook 7H9GC
broth and re-suspended in 10 mL of fresh
supplemented MB.
The turbidity was adjusted to match the
McFarland standard No. 1 (3 × 108 Colony-Forming
Units) with the MB broth. A further 1:20 dilution of
the culture was then performed in the MB broth.
The antimicrobial susceptibility of the mycobacterial species was investigated in a 96-well plate
format. In those experiments, sterile deionized
water (300 ȝ/  ZDV DGGHG WR DOO RXWHU-perimeter
wells of the plates to minimize an evaporation of
the medium in the test wells during incubation.
The each evaluated compound ( ȝ/  ZDV
incubated with the mycobacterial species (100 ȝ/ 
The dilutions of an each screened molecule from
the 5a±5d set were prepared in duplicate, their final
concentrations ranged from c=1000 ȝJāP/±1 to
8 ȝJāP/±1. All those substances were prepared in
DMSO and subsequent dilutions were made in the
supplemented MB. The plates were sealed with
a parafilm and incubated at 37°C for 11 days.
Following incubation, an 10% addition of an
Alamar Blue reagent (AbD Serotec, UK) was mixed
into each well and the readings at the wavelength of
Ȝ=570 nm and 600 nm were taken, initially for the
background subtraction and after 24 h reincubation
as well [24, 25].
The background subtraction has been
necessary for strongly coloured compounds, where
the colour may interfere with the interpretation of
any colour change. For the non-interfering com-

a

MAP
>1136
>1101
>1136
>1101
>1823
>109.36
181.08

pounds, a blue colour in the well was interpreted as
the absence of a growth and a pink colour was
scored as a growth. Furthermore, the percent reduction of the Alamar Blue reagent was calculated to
generate the quantitative data on a cell viability
during an exposure to the antimycobacterial
compounds over the 5 days period. The formula
used to determine the percent reduction of the
Alamar Blue has been standardized for a
colorimetric analysis [24].
The MICs were defined as the lowest
concentration of the particular compound, at which
no visible bacterial growth was observed. The MIC
value has been routinely and widely used in the
bacterial assays and has been a standard detection
limit according to the CLSI (www.clsi.org). The
results expressed in the μmol·L±1 units are summarized in Table 1.

RESULTS AND DISCUSSION
Chemistry. Regarding the strategy to modify
both lipophilic and salt-forming fragments of the
phenylcarbamic acid derivatives containing an N-arylpiperazine moiety, the titled compounds were
prepared as racemates according to the synthetic
procedures drawn in Schemes 1 and 2. Initially, the
reaction of 2-/3-alkoxyphenyl isocyanates 1a±1d,
which were employed as convenient starting compounds, with (±)-oxiran-2-ylmethanol 2 in an
anhydrous toluene (Scheme 1) provided colourless
(±)-oxiran-2-ylmethyl-2-/3-alkoxyphenylcarbamates
3a±3d. The yields of given nucleophilic addition
varied in the interval of 68 to 70%. Spectral characteristics of all the prepared intermediates 3a±3d
are given in detail within the Material and Methods
part.
As drawn in Scheme 2, the molecules 3a±3d
came under a nucleophilic addition by the reaction
with 1-(2-fluorophenyl)piperazine 4 to give oily
substances, 3-[4-(2-fluorophenyl)piperazin-1-yl]-2-
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-hydroxypropyl (2-/3-alkoxyphenyl)carbamates 5aB
±5dB, in satisfactory yields of 74 to 85%. Chemical
structure of those intermediates was confirmed by
the results of the IR, 1H NMR and 13C NMR
spectral analyses. As listed in detail in the Material
and Methods part, the chemical shifts related to all
key functional groups within the inspected
molecules were observed. A purity of prepared
bases 5aB±5dB was checked by the TLC applying
the acetone/petroleum ether (2:3, v/v) mobile phase.
The 2-alkoxy substituted derivates 5aB and 5bB
have shown slightly lower Rf values, 0.70 and 0.74,
respectively, than the 3-alkoxy substituted ones 5cB
and 5dB with the readouts of 0.74 and 0.78,
respectively.
The synthesized bases 5aB±5dB were
converted into corresponding salts 5a±5d, 1-[3-(2-/3-alkoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chlorides, when
a saturated solution of hydrogen chloride in diethyl
ether was added.
Described procedure took place at a sufficiently high rate at room temperature with the
constant stirring and provided the 71±79% yields.
In terms of an 2-/3-alkoxy side chain isomerism,
practically no differences in the yields between
corresponding compounds (isomers) were found
out.
The purity of synthesized final salts was
verified by the TLC using the eluants petroleum
ether/diethyl amine (8:3, v/v) and chloroform/cyclohexane/diethylamine (6:3:1, v/v) as the mobile
phases. The spots were observed under iodine
vapours/UV light (Ȝ=254 nm). The elongation of an
attached alkoxy group led to higher Rf values, as
expected. The position of that side chain influenced
the estimated Rfs; the 2-alkoxy positional isomers
have shown slightly higher values of the Rf than the
3-alkoxy substituted ones in both mobile systems.
All the newly synthesized colourless target
substances 5a±5d were fully characterized by the 1H
NMR, 13C NMR, IR and ESI-MS spectral readouts,
which were in a full accordance with the proposed
structures.
Elemental analyses data of the compounds 5a±
5d pointed out that the addition of a saturated
solution of hydrogen chloride in diethyl ether led to
the protonation of only one nitrogen atom of the
piperazin-1,4-diyl fragment due to a positive mesomeric effect of a nitrogen towards the aromatic
system. That statement was further evidenced by the
mass spectral outputs of all considered final
structures wherein the molecular peaks of (M + H)+
were observed. In addition, the elemental analyses
results were within ±0.4% of the theoretical values
for corresponding monochlorides, as documented in
the Material and Methods part.
The molecular absorption study in the ultraviolet and visible (UV/VIS) region has indicated

that in a methanol medium, final compounds 5a±5d
have shown three absorption maxima. The values of
molar absorptivity İ (log İ) are commonly used for
comparing the UV/VIS spectra of different compounds because they have been considered an
intrinsic property of a species [26]. Prepared molecules 5a±5d displayed only a slight difference in the
wavelength maxima as well as in the log İ values
related to the 2- and 3-alkoxy positional isomers.
In Vitro Antimycobacterial Susceptibility
Testing. The target compounds 5a±5d were initially in vitro screened against M. marinum CAMP
5644, M. kansasii DSM 44162, M. smegmatis
ATCC 700084 and M. avium subsp. paratuberculosis CIT03 (MAP) as well.
The MIC value was defined as the lowest
concentration of a particular compound, at which
the inhibition of the mycobacteria growth occurred.
The MIC readouts of the 5a±5d series were reported in Table 1. In addition, the activity prepared
final substances were compared to the efficiency of
simultaneously evaluated reference drugs isoniazid
(INH), rifampicin (RIF) and ciprofloxacin (CPX),
respectively, under the same experimental
conditions.
The current in vitro testing of the compounds
5a±5d against M. marinum provided their MICs of
291 and  ȝmol·L±1 depending on the position
and number of the carbon atoms in an alkoxy side
chain. Following those data, it could be assumed
that (i) the lipophilicity might not be a decisive
factor influencing the activity against given
bacterium or (ii) the 2-/3-alkoxyphenylcarbamoyloxy fragment might not be a key part of a
pharmacophore.
M. marinum is the mycobacterial species
phylogenetically most closely related to the M. tuberculosis complex. Both of them share many
features of pathophysiology, including the capacity
to survive and proliferate within host cells [27].
M. marinum causes the tuberculosis-like infections
in many poikilothermic hosts, such as frogs and
fishes [28, 29]. It has been considered an
appropriate model for studying the pathogenicity of
the M. tuberculosis strain [30], although each of
them has a distinctive set of insertion sequencies
per a genom [31].
Regarding a comprehensive structure±antimycobacterial (antitubercular) activity relationships
study of a presently evaluated class of the derivatives, Waisser et al. [16] concluded that the bonding
of an alkoxy side chain to the 3-position of a phenyl
ring (the substances 5c and 5d) and the increase in
the lipophilicity meant favorable approaches. The
molecule 5d has shown the MIC=62.5 ȝPROā/±1 and
 ȝPROā/±1 against M. tuberculosis CNCTC My
331/88 as the results of the 14- and 21-days
incubation assays, respectively.
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contrary, they have shown higher MIC values than
used standards. From an entire inspected set of the
compounds, CPX and RIF were regarded as the
most effective ones. The reference drug CPX has
shown the MIC=6.04 ȝPROā/±1 against M. smegmatis, for RIF the value of MIC>109 ȝPROā/±1
against MAP was observed (Table 1).
The antimycobacterial potential of those
screened compounds 5a±5d can be affected by the
differences in permeability of the cell walls of
M. tuberculosis and MAP. There have been also
observed some differences in the pathways of
a mycolic acid biosynthesis of those two species,
because both of them could synthesize Į-mycolic
and ketomycolic acids but methoxymycolic acids
have been synthesized only by M. tuberculosis and
wax esters only by MAP [35].
In order to keep the activity of the compounds
with the current structural arrangement, another
essential factor could be an interaction of a hydroxy
group, as a part of the 2-hydroxypropane-1,3-diyl
connecting chain, and the ATP-synthase of M. tuberculosis and MAP [36]. The function of given
enzyme depends upon the ability of its subunits to
transfer a proton through binding site residues,
which are highly conserved and charged [37]. For
evaluated derivatives, the formation of a hydrogen
bonding with a critical amino acid residue at the
binding site could be crucial to retain their biological activity.
Tengler et al. [38] foud out that the isosteric
replacement of a carbamoyloxy group by the
carboxy one, simultaneously with the modification
of both alkoxy and 4´-(substituted phenyl)piperazin-1´-yl moieties led to the set of the
compounds 19a±23d, from which some derivatives
were more effective against the MAP strain than
CPX (Figure 1).
In more detail, the change of a salt-forming
fragment consisted in the incorporation of a non-cyclic aliphatic amine instead of the cyclic one.
Moreover, the elongation of an 4-alkoxycarbonylamino side chain, i.e. the increase in lipophilicity
and bulkiness (Figure 1), seemed to be a favorable
structural variation, especially the presence of a 4-propoxy-/4-butoxycarbonylamino substituent R1
[38].
In a viewpoint of a furher research strategy,
the attention will be devoted to the preparation and
in vitro testing of several series of the compounds
containing more lipophilic substituents attached to
the 4´-(substituted phenyl)piperazin-1´-yl moiety
with an electron-donating (methoxy group, for
example) or electron-withdrawing (trifluoromethyl
group) effect. In addition, those susbtituents could
considerably differ in their steric properties.

All the tested derivates 5a±5d were more
effective against M. marinum than the reference
INH drug with the MIC  ȝPROā/±1. On the
contrary, applied RIF and CPX standards have
shown lower MICs. From an entire analyzed set of
the molecules, RIF was regarded as the most potent
with the estimated MIC ȝPROā/±1 (Table 1).
Prepared final derivatives differed in the
efficiency against M. kansasii DSM 44162. The
alkoxy chain attached to the 3-position and its
elongation were considered favorable structural
requirements compared to the presence of a 2-methoxy or an 2-ethoxy group.
Partially similar conclusions resulted from the
research [18], which was focused on the activity
evaluation of the compounds 5a±5d against another
atypical mycobacterium, M. kansasii CNCTC My
235/80. It was concluded that 3-alkoxy substituted
substances were slightly more potent than the 2-alkoxy substituted ones regardless of the number
of the carbon atoms in a side chain.
As shown in Table 1, the activity of screened
derivative 5d (MIC=70 ȝPROā/±1) was lower than
the effectiveness of INH (MIC ȝPROā/±1) or
CPX (MIC  ȝPROā/±1), respectively. Moreover, the RIF standard was regarded as the most
potent compound against M. kansasii with the
estimated MIC ȝPROā/±1 (Table 1).
The present research also revealed some
preliminary structure±activity relationships considering both M. smegmatis ATCC 700084 and MAP
strains (Table 1). It seemed that the inductive, resonance, steric and lipophilic properties of the
substituent attached to the 4´-(substituted phenyl)piperazin-1´-yl fragment could be more important
factors, which would influence the potency of the in
vitro screened compounds against those non-tuberculous mycobacterial strains rather than the position
of an alkoxy substituent.
Even through an original Hammett equation
still remains as one of the most general means for
estimating substituent electronic effects (attached to
the position 3 or 4 at an aromatic system) on a reaction site [32, 33], the properties of substituent in the
2-position has been regarded as more complex [3234]. It was proven that there were significant qualitative differences between the effects on a reaction
site of the substituents in the 3- or 4-position and
those in the 2-position [34]. Following given, the
current research could not provide completely comprehensive knowledge about the exact impact of
a fluorine atom attached to the salt-forming part on
an antimycobacterial activity.
On the other hand, the increase in lipophilicity
(an alkoxy side chain elongation) led to slightly
more effective compounds.
The derivatives 5a±5d were more promising
against a non-pathogenic M. smegmatis than against
MAP, as the observed MICs indicated. On the
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CONCLUSIONS
The non-tuberculous mycobacteria, free-living
saprophytes, are a widely diverse group of the organisms, which can cause various opportunistic infections in humans. With an increased number of
patients needing a treatment, the role of a drug
susceptibility testing has been again in the spotlight.
The research paper covered the three-step synthesis
of the phenylcarbamic acid derivatives, which
contained the 4´-(2´-fluorophenyl)piperazin-1´-yl
salt-forming fragment inter alia, and their in vitro
screening against M. marinum CAMP 5644, M.
kansasii DSM 44162, M. smegmatis ATCC 700084
and M. avium subsp. paratuberculosis CIT03. The
microbiological evaluation revealed the most promising potential of those compounds against M.
kansasii, the most effective derivative 1-[3-(3-ethoxyphenylcarbamoyloxy)-2-hydroxypropyl]-4-(2-fluorophenyl)piperazin-1-ium chloride (5d) has
shown the MIC=70 μmol·L±1. The structure±activity relationships analyses pointed that the 3-position of an alkoxy side chain and its elongation,
i.e. the increase in lipophilicity, could be considered
favorable structural and physicochemical requirements. In the series of the 2-alkoxy substituted
substances, the proximity of an 2-alkoxy chain to a
carbamate bond probably led to the twist of a
phenyl ring plain towards the carbamate group.
Described process resulted in the planarity violation
of the molecule implying a subsequent conjugation
of the ʌ-bonds of a phenyl ring over the
NH fragment up to a carbonyl group. The result was
the different electronic density (charge) at a
carbonyl moiety. For the 3-alkoxy substituted
derivatives, disclosed (undesirable) secondary steric
and electronic effects did not manifest and those
molecules could be used as convenient starting
points for further structural optimization in the
development of a new class of antimycobacterial
drug candidates.
A strong positional dependency of the Hammett substituent constant related to the substituent
attached to a 4´-(substituted phenyl)piperazin-1´-yl
fragment meant that the influence of a highly
lipophilic fluorine atom in the 2´-position on the
antimycobacterial activity could not be assessed
unequivocally.

REFERENCES
[1] Hartmans, S., de Bont, J.A.M. and
Stackebrandt, E. (2006) The genus Mycobacterium ± nonmedical. In: The Prokaryotes. 3rd
Ed. Volume 3: A Handbook of the Biology of
Bacteria: Archaea. Bacteria: Firmicutes, Actinomycetes (Eds. Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K.-H. and Stackebrandt,
E.). Springer, New York, USA, 889-918.
[2] Parte, A.C. (2014) LPSN ± list of prokaryotic
names with standing in nomenclature. Nucleic
Acids Res. 42 (Database Issue), D613-D616.
[3] Tortoli, E. (2006) The new mycobacteria: an
update. FEMS Immunol. Med. Microbiol. 48,
159-178.
[4] Brosch, R., Gordon, S.V., Marmiesse, M.,
Brodin, P., Buchrieser, C., Eiglmeier, K.,
Garnier, T., Gutierrez, C., Hewinson, G.,
Kremer, T., Parsons, L.M., Pym, A.S., Samper,
S., van Soolongen, D. and Cole, S.T. (2002) A
new evolutionary scenario for the Mycobacterium tuberculosis complex. Proc. Natl. Acad.
Sci. USA 99, 3684-3689.
[5] Chan, E.D. and Iseman, M.D. (2013) Underlying host risk factors for nontuberculous
mycobacterial lung disease. Semin. Respir.
Crit. Care Med. 34, 110-123.
[6] Falkinham, J.O. (2010) Impact of human
activities on the ecology of nontuberculous
mycobacteria. Future Microbiol. 5, 951-960.
[7] Winthrop, K.L., McNelley, E., Kendall, B.,
Marshall-Olson, A., Morris, C., Cassidy, M.,
Saulson, A. and Hedberg, K. (2010) Pulmonary
nontuberculous mycobacterial disease prevalence and clinical features: an emerging public
health disease. Am. J. Respir. Crit. Care Med.
182, 977-982.
[8] Ebrahimi, G., Farshidpour, M., Allen, M.B.,
Mirsaeidi, M. and Falkinham III, J.O. (2015)
Nontuberculous mycobacterial disease in North
America. Int. J. Mycobacteriol. 4 (Suppl. 1),
154-155.
[9] Malama, S., Munyeme, M., Mwanza, S. and
Muma, J.B. (2014) Isolation and characterization of non tuberculous mycobacteria from
humans and animals in Namwala District of
Zambia. BMC Res. Notes 7, 622-625.
[10] Morimoto, K., Iwai, K., Uchimura, K.,
Okumura, M., Yoshiyama, T., Yoshimori, K.,
Ogata, H., Kurashima, A., Gemma, A. and

ACKNOWLEDGEMENTS
The authors are very grateful to Slovak Grant
Agency for Science for supporting by the Grant
Projects VEGA 1/0873/15, KEGA 022UK-4/2015,
APVV-15-0585 and the Grant Project of Comenius
University in Bratislava No. UK/265/2017. Part of
performed experiments was carried out in the
Toxicological and Antidoping Center at Faculty of

2769

© by PSP

Volume 26 ± No. 4/2017 pages 2760-2771

Fresenius Environmental Bulletin

Kudoh, S. (2014) A steady increase in nontuberculous mycobacteriosis mortality and estimated prevalence in Japan. Ann. Am. Thorac.
Soc. 11, 1-8.
[11] Andrejak, C., Thomsen, V.O., Johansen, I.S.,
Riis, A., Benfield, T.L., Duhaut, P., Sorensen,
H.T., Lescure, F.X. and Thomsen, R.W. (2010)
Nontuberculous pulmonary mycobacteriosis in
Denmark: incidence and prognostic factors.
Am. J. Respir. Crit. Care Med. 181, 514-521.
[12] Mirsaeidi, M., Machado, R.F., Garcia, J.G.N.
and Schraufnagel, D.E. (2014) Nontuberculous
mycobacterial disease mortality in the United
States, 1999±2010: A population-based comparative study. PLoS One 9, e91879. doi: 10.
1371/journal.pone.0091879
[13] Lee, W.J., Kang, S.M., Sung, H., Won, Ch.H.,
Chang, S.E., Lee, M.W., Kim, M.N., Choi, J.H.
and Moon, K.C. (2010) Non-tuberculous
mycobacterial infections of the skin: A
retrospective study of 29 cases. J. Dermatol.
37, 965-972.
[14] Wang, S.-H. and Pancholi, P. (2014)
Mycobacterial skin and soft tissue infection.
Curr. Infect. Dis. Rep. 16, 438 (14 pp.). doi:
10.1007/s11908-014-0438-5
[15] Atkins, B.L. and Gottlieb, T. (2014) Skin and
soft tissue infections caused by nontuberculous
mycobacteria. Curr. Opin. Infect. Dis. 27, 137145.
[16] Waisser, K., Dolezal, R., Cizmarik, J., Malik, I.
and Kaustova, J. (2007) The potential antituberculotics of the series of 2-hydroxy-3-(4-phenylpiperazin-1-yl)-propylphenylcarbamates. Folia Pharm. Univ. Carol. 35-36, 45-48.
[17] Malik, I., Govender, R., Sedlarova, E., Csollei,
J., Jampilek, J., Coffey, A. and O´Mahony, J.
(2014) The in vitro evaluation of ortho-/meta-/para-alkoxyphenylcarbamic acid esters bearing 4-(2-fluoro-/2-methylphenyl)piperazin-1-yl
moiety against Mycobacterium tuberculosis
H37Ra strain. J. Microbiol. Biotech. Food Sci.
3, 286-288.
[18] Waisser, K., Dolezal, R., Cizmarik, J., Malik, I.
and Kaustova, J. (2007) The antimycobacterial
derivatives against potential pathogenic strains:
2-Hydroxy-3-(4-phenylpiperazin-1-yl)-propylphenylcarbamates. Sci. Pharm. 75, 55-61.
[19] Fiorino, F., Magli, E., Severino, B., Corvino,
A., Ciano, A., Perissutti, E., Frecentese, F.,
Massarelli, P., Nencini, C., Santagada, V. and
Caliendo, G. (2014) Synthesis and in vitro
pharmacological evaluation of novel 2-hydroxypropyl-4-arylpiperazine derivatives as
serotoninergic ligands. Arch. Pharm. Chem.
Life Sci. 347, 1-9.
[20] Handzlik, J., Maciag, D., Kubacka, M.,
Mogilski, Sz., Filipek, B., Stadnicka, K. and
Kiec-Kononowicz, K. (2008) Synthesis, Į1-

-adrenoceptor antagonist activity, and SAR
study of novel arylpiperazine derivatives of
phenytoin. Bioorg. Med. Chem. 16, 5982-5998.
[21] Wang, S.-F., Yin, Y., Wu, X., Qiao, F., Sha, S.,
Lv, P.-Ch., Zhao, J. and Zhu, H.-L. (2014)
Synthesis, molecular docking and biological
evaluation of coumarin derivatives containing
piperazine skeleton as potential antibacterial
agents. Bioorg. Med. Chem. 10, 719-730.
[22] Schwalbe, R., Steele-Moore, L. and Goodwin,
A.C. (2007) Antimicrobial Susceptibility Testing Protocols. CRC Press, Boca Raton, 432 pp.
[23] Gonec, T., Kos, J., Zadrazilova, I., Pesko, M.,
Keltosova, S., Tengler, J., Bobal, P., Kollar, P.,
Cizek, A., Kralova, K. and Jampilek, J. (2013)
Antimycobacterial and herbicidal activity of
ring-substituted 1-hydroxynaphthalene-2-carboxanilides. Bioorg. Med. Chem. 21, 65316541.
[24] National Committee for Clinical Laboratory
Standards. Susceptibility Testing of Mycobacteria, Nocardiae, and Other Aerobic Actinomycetes; Approved Standard, M24-A2. 2nd Ed.;
NCCLS: Wayne, PA, USA, 2011.
[25] Gonec, T., Zadrazilova, I., Nevin, E.,
Kauerova, T., Pesko, M., Kos, J., Oravec, M.,
.ROODU 3 &RIIH\ $ 2¶0DKRQ\, J., Cizek,
A., Kralova, K. and Jampilek, J. (2015)
Synthesis and biological evaluation of N-alkoxyphenyl-3-hydroxynaphthalene-2-carboxanilides. Molecules 20, 9767-9787.
[26] Silverstien, R.M., Webster, F.X. and Kiemle,
D.J. (2005) Spectrometric Identification of Organic Compounds. 7th Ed. Wiley and Sons,
Hoboken, 502 pp.
[27] Barker, L.P., Brooks, D.M. and Small, P.L.C.
  7KH LGHQWL¿FDWLRQ RI Mycobacterium
marinum genes diơerentially expressed in
macrophage phagosomes using promoter
IXVLRQV WR JUHHQ ÀXRUHVFHQW SURWHLQ 0RO
Microbiol. 29, 1167-1177.
[28] Tonjum, T., Welty, D.B., Jantzen, E. and
Small, P.L. (1998) Differentiation of Mycobacterium ulcerans, M. marinum, and M.
haemophilum: mapping of their relationships to
M. tuberculosis by fatty acid profile analysis,
DNA-DNA hybridization, and 16S rRNA gene
sequence analysis. J. Clin. Microbiol. 36, 918925.
[29] Broussard, G.W. and Ennis, D.G. (2007)
Mycobacterium marinum produces long-term
chronic infections in medaka: A new animal
model for studying human tuberculosis. Comp.
Biochem. Phys. C 145, 45-54.
[30] Bouley, D.M., Ghori, N., Mercer, K.L.,
Falkow, S. and Ramakrishnan, L. (2001) Dynamic nature of host-pathogen interactions in
Mycobacterium marinum granulomas. Infec.
Immun. 69, 7820-7831.

2770

© by PSP

Volume 26 ± No. 4/2017 pages 2760-2771

Fresenius Environmental Bulletin

Mycobacterium tuberculosis ATPase by a new
drug candidate R207910. Proteins 67, 971-980.
[38] Tengler, J., Kapustikova, I., Pesko, M.,
Govender, R., Keltosova, S., Mokry, P., Kollar,
P., 2¶0DKRQ\ -&RIIH\$ Kralova, K. and
Jampilek, J. (2013) Synthesis and biological
evaluation of 2-hydroxy-3-[(2-aryloxyethyl)amino]propyl-4-[(alkoxycarbonyl)amino]benzoates. The Scientific World Journal (Hindawi
Publishing Corporation), article ID 274570, 13
pp. http://dx.doi.org/10.1155/2013/274570.

[31] Helguera-Repetto, C., Cox, R.A., Munoz-Sanchez, J.L. and Gonzalez-y-Merchand, J.A.
(2004) The pathogen Mycobacterium marinum,
a faster growing close relative of Mycobacterium tuberculosis, has a single rRNA operon
per genome. FEMS Microbiol. Lett. 235, 281288.
[32] Hammett, L.P. (1937) The effect of structure
upon the reactions of organic compounds.
Benzene derivatives. J. Am. Chem. Soc. 59,
96-103.
[33] Hammett, L.P. (1970) Physical Organic
Chemistry. 2nd Ed. McGraw-Hill, New York,
420 pp.
[34] Rincon, L. and Almeide, R. (2012) Is the
Hammett´s constant free of steric effects? J.
Phys. Chem. 116, 7523-7530.
[35] Heifest, L.B. (1991) Antituberculotic drugs:
Antimycobacterial activity in vitro. In: Drug
Susceptibility in the Chemotherapy of Mycobacterial Infections. (Ed. Heifest, L.B.). CRC
Press, Boca Raton, USA, 13-58.
[36] Upadhayaya, R.S., Vandavasi, J.K., Kardile,
R.A., Lahore, S.V., Dixit, S.S., Deokar, H.S.,
Shinde, P.D. and Sarmah, M.P. (2010) Novel
quinoline and naphthalene derivatives as potent
antimycobacterial agents. Eur. J. Med. Chem.
45, 1854-1867.
[37] de Jonge, M.R., Koymans, L.H.M., Guillemont, J.E.G., Koul, A. and Andries, K. (2007)
A computational model of the inhibition of

Received:
Accepted:

03.03.2017
12.03.2017

CORRESPONDING AUTHOR
Ivan Malik
Department of Pharmaceutical Chemistry
Faculty of Pharmacy
Comenius University in Bratislava
Odbojarov 10
Bratislava, 832 32 ± SLOVAK REPUBLIC
E-mail : malik@fpharm.uniba.sk
malikivan001@gmail.com

2771

Volume 26 ± No. 4/2017 pages 2772-2778

© by PSP

Fresenius Environmental Bulletin

A NEW STRATEGY FOR START-UP AND FILTER
BACKWASH FOR ULTRA-LOW TURBIDITY WATER
TREATMENT
+RQJ\XDQ/LX5HQJXDQJ=KD<DQ=KDQJ +DLWDR=KX;LDRORQJ=KRX


&ROOHJHRI&LYLO(QJLQHHULQJDQG$UFKLWHFWXUH=KHMLDQJ8QLYHUVLW\RI7HFKQRORJ\+DQJ]KRX&KLQD

-LD\XDQ:DWHU6XSSO\DQG'LVFKDUJH&R/WG-LD[LQJ&KLQD

'HSDUWPHQWRI&LYLO(QJLQHHULQJ=KHMLDQJ8QLYHUVLW\+DQJ]KRX&KLQD

LQFUHDVHGWKHRSHUDWLQJFRVWV>@
$VWKHSUHGRPLQDQWILQDOEDUULHUWRWKHSDVVDJH
RI PLFURRUJDQLVPV LQWR GULQNLQJ ZDWHU WKH
SHUIRUPDQFHRIVDQGILOWUDWLRQLVVLJQLILFDQWO\VHQVLWLYH WR WKH SURSHU PDQDJHPHQW RI WKH FRDJXODWLRQ
GRVLQJDQGWKHEDFNZDVKSURFHGXUHIf the coagulation step is improperly executed, the efficiency of the
turbidity removal and the microbiological contaminants will obviously decrease in a matter of minutes
[9]. Moreover, a turbidity spike can occur after the
sand filter backwashing and the return to filteroperating mode. One of the most common techniques for eliminating the turbidity spike is filter-towaste, meaning that the first slug of filter water after
backwashing is directed to the sanitary sewer or the
backwash basin until the water quality reaches the
desired level. The shorter the filter ripening, which
is the period of degraded quality of filter effluent
immediately following backwash, the lower is the
drainage of filter-to-waste. Filter ripening is a wellknown problem in water treatment [10-12].
To optimize the filter-ripening sequence and
minimize its influence on water quality, many
procedures have been developed, including an
appropriate coagulant addition to a filter during or
after backwashing [9,13,14]DQRSHUDWLQJSURFHVVRI
GHOD\HGVWDUW KROGLQJDILOWHURXWRIVHUYLFHIRUDVHW
RI DPRXQW RI WLPH DIWHU UHILOOLQJ WKH ILOWHU ZLWK
LQIOXHQWZDWHU >@DQRSHUDWLQJSURFHVVRIVORZ
VWDUW JUDGXDOO\ UDLVLQJ WKH HIIOXHQW IORZ WR WKH
GHVLUHG OHYHO  >@ DQG WKH RSWLPL]DWLRQ RI WKH
EDFNZDVKSURFHVV>@
However, despite recent progress, the filterripening process is still not completely understood,
and how to effectively manage the operation of a
sand filter in order to reduce the operating costs
requires further development, especially for the
treatment of ultra-low turbidity in the range of 
WR178. Indeed, no literature for the filtration
technology in the treatment of ultra-low-turbidity
influent water has been found, and this technology
requires further elucidation. 7KHUHIRUHDQHZVWDUW
XSWHFKQLTXHZLWKWKHVKRUWWHUPDGGLWLRQRIFRDJXODQW DQG RSWLPL]DWLRQ RI WKH EDFNZDVK SURFHGXUH
ZLWK D ORZ EDFNZDVK IORZ UDWH ZDV WHVWHG LQ WKLV
VWXG\7KHJRDORIWKLVWHFKQLTXHZDVWRVKRUWHQWKH

ABSTRACT
$ QHZ VWDUWXS WHFKQLTXH ZLWK VKRUWWHUP
FRDJXODQWDGGLWLRQDQGRSWLPL]DWLRQRIWKHEDFNZDVK
SURFHGXUH IRU XOWUDORZ WXUELGLW\ ZDWHU WUHDWPHQW
ZDV SHUIRUPHG 7KH UHVXOWV VKRZ WKDW IRU LQIOXHQW
WXUELGLW\LQWKHUDQJHRIWR178WKHHIIOXHQW WXUELGLW\ FDQ EH UHGXFHG WR EHORZ  178
ZLWKLQPLQWKURXJKWKHRSWLPL]DWLRQRIWKHEDFNZDVKSURFHGXUHZLWKDORZIORZUDWH0RUHRYHUZLWK
WKH IXUWKHU GRVDJH RI DQ DGGLWLRQDO  PJ/ SRO\
DOXPLQXPIHUULFFKORULGH 3$)& LPPHGLDWHO\DIWHU
EDFNZDVKLQJIRUDSSUR[LPDWHO\PLQWKHHIIOXHQW
WXUELGLW\FDQEHUHGXFHGWR178DQGPDLQWDLQHG
EHORZ178XQWLODSSUR[LPDWHO\KRIILOWHULQJ
ZLWKRXW XVLQJ DGGLWLRQDO FRDJXODQW 7KH QHZ
WHFKQLTXH QRW RQO\ FDQ VKRUWHQ WKH ILOWHU ULSHQLQJ
SHULRG DQG HQKDQFH WKH ZDWHU TXDOLW\ EXW DOVR FDQ
GHFUHDVHWKHFRQVXPSWLRQRIFRDJXODQWDQGORZHUWKH
RSHUDWLQJFRVWV
.(<:25'6
EDFNZDVK SURFHGXUH FRDJXODQW VDQG ILOWHU XOWUDORZ
WXUELGLW\

INTRODUCTION
,WKDVEHHQSURYHQWKDWWKHSDUWLFOHFRXQWVDQG
PLFURRUJDQLVPVLQZDWHUFDQEHHIIHFWLYHO\UHGXFHG
ZLWKDGHFUHDVHLQHIIOXHQWWXUELGLW\>@DQGXSWR
 RI &U\SWRVSRULGLXP DQG *LDUGLD FDQ EH UH
PRYHGZKHQWKHWXUELGLW\LVOHVVWKDQ178>@
7KXV WKH HIIOXHQW WXUELGLW\ RI  178 ZDV
FRQVLGHUHGWREHRQHJRDORIWKHZDWHUTXDOLW\DW1
:DWHUZRUNV-LD[LQJ&KLQD
7KHUHIRUH WR DFKLHYH D WXUELGLW\ YDOXH RI 
178 DQG DYRLG WKH WKUHDW RI OHDNDJH RI PLFUR
RUJDQLVPV >@ VDQG ILOWUDWLRQ ZLWK PLFUR
IORFFXODWLRQ IROORZLQJ R]RQDWLRQ DQG ELRORJLFDO
DFWLYDWHGFDUERQILOWUDWLRQ 2%$& ZHUHHPSOR\HG
7KLVFRPELQHGSURFHVVFDQHIIHFWLYHO\JXDUDQWHHWKH
GULQNLQJZDWHUVDIHW\+RZHYHUWKHKLJKGRVDJHRI
PLFURIORFFXODWLRQ WRJHWKHU ZLWK WKH JUHDWO\
VKRUWHQHG UXQQLQJ F\FOH RI WKH VDQG ILOWUDWLRQ
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added and mixed rapidly for approximately 1 min,
and then the water mixture moved to the sand filter.
The main characteristics of the influent water are
given in Table 1, and the goal of the treatment was
to reduce the turbidity of the filter effluent to less
than 0.1 NTU. 3RO\DOXPLQXPIHUULFFKORULGH 3$)& 
ZLWKDVSHFLILFJUDYLW\LQWKHUDQJHRIWR
DQGDQ$O2FRQWHQWLQWKHUDQJHRIWR
ZKLFK LV WKH VDPH FRDJXODQW WKDW LV XVHG DW D IXOO
VFDOH SODQW 1 :DWHUZRUNV  ZDV FKRVHQ IRU WKLV
VWXG\
7KH ILOWHU V\VWHP ZDV RSHUDWHG DW D FRQVWDQW
UDWHRIPKIRUWKHZKROHILOWUDWLRQSHULRGand the
water level over the sand bed rose as the filter media
became clogged. When the water level in the column
rose to a maximum of 1.5 m above the surface of the
sand layer, a backwash was needed. The filter system
was first backwashed only with air, which was
followed by a backwash of combined air and water
or only water. In this study, three backwash
procedures with different air and water flow rates
were applied to evaluate their influences on the water
quality; at the same time, the technique of coagulant
addition for a short-term after restart was performed
to accelerate the filter-ripening period and to reduce
the operating costs. Start-up with short-term
coagulant addition means that the coagulant was
only added during the first running period for a very
short time immediately after filter backwashing, and
then the filter continued to run with no coagulant
addition.

MATERIAL AND METHODS
([SHULPHQWDO VHWXS 7KH H[SHULPHQWV ZHUH
SHUIRUPHGEDVHGRQDSLORWVFDOHcombined drinking
water treatment process that simulated the process of
N Waterworks. The pilot filter system was fed from
the effluent of O3-BAC and included a rapid mixing
and coagulation step. The filter column was made of
Plexiglass and had an inner diameter of 800 mm and
a height of 4.0 m, and it was filled with monomedia
silica sand with a diameter range of WRPP
and a height of 1.0 m. The filter system had an air
and water reverse washing device; the filtration and
backwash velocities were controlled using flow
meters and valves, and the backwash water was
drawn from a water reservoir that stored the effluent
water of the pilot filter. The effluent turbidity was
PRQLWRUHG RQOLQH ZLWK D +DFK¶V )LOWHU 7UDN )7
laser nephelometer. The top of the filter column was
open to the atmosphere. A schematic diagram of the
pilot filter system is shown in Figure 1.
([SHULPHQWDO SURFHGXUH As mentioned
above, the effluent water of the BAC flowed directly
into the rapid mixing tank, where the coagulant was
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EDFNZDVK IORZ UDWH ZLOO GHFUHDVH ZKLFK PD\ QRW
GHWDFK D VLJQLILFDQW TXDQWLW\ RI SDUWLFOHV IURP WKH
PHGLDDQGDSRUWLRQRIWKHSDUWLFOHVPD\UHPDLQLQ
WKHILOWHUDIWHUEDFNZDVKLQJ7KHUHWDLQHGSDUWLFOHVLQ
WKH ILOWHU FDQ DFW DV DGGLWLRQDO ILOWHU PHGLD >@
WKHUHE\ VKRUWHQLQJ WKH ILOWHU ULSHQLQJ SURFHVV DQG
LPSURYLQJWKHILOWUDWLRQHIILFLHQF\

Analysis methods. Standard methods
GB5750-2006 in China were adopted for the
analysis of all of the parameters, turbidity was
GHWHFWHGE\DQRQOLQH+DFK¶V)LOWHU7UDN)7ODVHU
nephelometer, ammonia was analysed via the
Nessler reagent spectrophotometric method, Fe and
Mn were analysed with a Thermo ICE3000 atomic
absorption spectroscopy analyser, COD Mn was
detected by acidic potassium permanganate titration,
and the pH was analysed with a Hach HQ40d pH
analyser.
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RESULTS AND DISCUSSION
(IIHFW RI EDFNZDVK IORZ UDWH Sand filter
backwash is a challenging procedure during water
treatment. Excessive filter backwash must always be
considered in the water treatment plant due to the
consideration of water quality safety. However,
excessive filter backwash wastes a great deal of
water; more importantly, it also reduces the filter
performance. Therefore, three backwash procedures
with different air and water flow rates were chosen
to evaluate their effects on the filter effluent turbidity.
The main parameters of the WKUHH EDFNZDVK
SURFHGXUHV are shown in Table 2, and EDFNZDVK
SURFHGXUHV   DQG  UHSUHVHQW ORZ PRGHUDWH
DQG KLJK EDFNZDVK IORZ UDWHV LQ WKLV VWXG\
UHVSHFWLYHO\
7KHVDQGOD\HUKDGQRREYLRXVH[SDQVLRQXQGHU
EDFNZDVKSURFHGXUHZKLOHVDQGEHGH[SDQVLRQV
RIIRUSURFHGXUHDQGIRUSURFHGXUH
 ZHUH REVHUYHG DIWHU EDFNZDVKLQJ UHVSHFWLYHO\
)LJXUH  VKRZV WKH WXUELGLW\ UHVXOWV RI WKH DERYH
WKUHHEDFNZDVKSURFHGXUHVRQWKH VDQG ILOWHU1RWH
WKDW WKH ILOWHU HIIOXHQW WXUELGLW\ GHFUHDVHG WR EHORZ
178ZLWKLQPLQDIWHUEDFNZDVKLQJZLWKDORZ
IORZ UDWH WKH WXUELGLW\ RQO\ GHFUHDVHG WR
DSSUR[LPDWHO\  178 IRU EDFNZDVK SURFHGXUHV
DQG7KLVPHDQVWKDWEDFNZDVKSURFHGXUH
ZLWKDORZIORZUDWHLVFRQGXFLYHWRDGHFUHDVHLQWKH
WXUELGLW\ IROORZLQJ WKH UHVWDUW RI D EDFNZDVK ILOWHU
7KHHIIHFWLYHQHVVRIWKLVSURFHVVFDQEHH[SODLQHGDV
IROORZV WKH VKHDU IRUFH DW WKH VXUIDFH RI WKH VLOLFD
VDQG FKDQJHV ZLWK WKH EDFNZDVK IORZ UDWH DQG D
KLJK IORZ UDWH ZLOO UHVXOW LQ D ODUJHU VKHDU IRUFH WR
GHWDFKPRUHSDUWLFOHVIURPWKHVLOLFDVDQGDQGWKHQ
UHPRYHWKHP7KHVKHDUIRUFHDVVRFLDWHGZLWKDORZ
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7XUELGLWLHVIROORZLQJWKUHHGLIIHUHQWEDFNZDVK
SURFHGXUHV
6WDUWXSZLWKVKRUWWHUPFRDJXODQWDGGLWLRQ
$OWKRXJKDILOWHUHIIOXHQWWXUELGLW\RI178FDQ
EHDFKLHYHGE\DORZEDFNZDVKIORZUDWHLWWRRN
PLQWRUHDFKWKHUHTXLUHG1783UHYLRXVVWXGLHV
UHYHDOHGWKDWDSURFHGXUHLQYROYLQJWKHDGGLWLRQRID
FRDJXODQW WR WKH ILOWHU DIWHU EDFNZDVKLQJ FRXOG
UHGXFHWKHWXUELGLW\FOHDUDQFHWLPH>@7KHUHIRUH
D VWDUWXS WHFKQLTXH ZLWK VKRUWWHUP FRDJXODQW
DGGLWLRQ ZDV FRQGXFWHG LQ WKLV VWXG\ $ VHULHV RI
GLIIHUHQW DPRXQWV RI FRDJXODQW 3$)& ZHUH DGGHG
DIWHUEDFNZDVKLQJZLWKWKHDERYHWKUHHSURFHGXUHV
:KHQWKHWXUELGLW\RIWKHHIIOXHQWGLVSOD\LQJRQWKH
RQOLQH FT660 laser nephelometer GHFUHDVHG WR OHVV
WKDQ178WKHIHHGRIFRDJXODQWZDVVWRSSHGDQG
WKHGRVLQJWLPHZDVUHFRUGHG
7KHLPSDFWVRIWKHGRVDJHRQWKHWXUELGLW\DIWHU
EDFNZDVKLQJ ZLWK WKH WKUHH GLIIHUHQW EDFNZDVK
SURFHGXUHVDUHVKRZQLQ)LJXUH,WVKRZVWKDWWKH
FRDJXODQW DGGLWLRQ SURFHGXUH VKRUWHQHG WKH ILOWHU
ULSHQLQJ SHULRGV DQG WKH ILOWHU HIIOXHQW WXUELGLW\
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PRUH3$)&GRVDJHVZHUHDGGHGLQRUGHUWRGHFUHDVH
WKHWXUELGLW\:KHQWKHGRVDJHRI3$)&LQFUHDVHGWR
 PJ/ DQG ZDV DGGHG IRU  PLQ WKH HIIOXHQW
WXUELGLW\ GHFUHDVHG WR  178 DQG FRQWLQXHG WR
GURSWRWKHORZHVWWXUELGLW\DVWKHGRVLQJVWRSSHGLW
WKHQ VKRZHG D VOLJKW LQFUHDVH EXW UHPDLQHG EHORZ
178IRUK K\GUDXOLFF\FOH 0RUHRYHUZKHQ
WKHGRVDJHLQFUHDVHGIURPWRRUPJ/WKH
EDVHOLQHRIWKHHIIOXHQWWXUELGLW\GHFUHDVHGIURP
WRRU178UHVSHFWLYHO\
6LPLODUO\ IRU WKH KLJK EDFNZDVK SURFHGXUH
 WKHHIIOXHQWWXUELGLW\GLGQRWDFKLHYH178
LQWHUPVRIRUPJ/3$)&GRVDJH$GRVDJH
RI  PJ/ LV UHTXLUHG LQ RUGHU WR HQVXUH WKH
WXUELGLW\ GHFUHDVHV EHORZ  178 DQG LQ RXU
H[SHULPHQWWKHEDVHOLQHRIWXUELGLW\GHFUHDVHGZLWK
DQLQFUHDVHLQWKHGRVDJH
7KHDERYHUHVXOWVLOOXVWUDWHWKDWZKHQWKHILOWHU
ZDV EDFNZDVKHG ZLWK D KLJK IORZ UDWH D KLJKHU
GRVDJH ZDVQHHGHGWRHQVXUH DWXUELGLW\EHORZ
178 ,W FDQ EH H[SODLQHG WKDW WKH LQFUHDVH LQ WKH
EDFNZDVKIORZUDWHLQFUHDVHGWKHVKHDUIRUFHZKLFK
UHVXOWHG LQ PRUH SDUWLFOHV EHLQJ VKHDUHG RII WKH
PHGLDDQGDFOHDQHUVDQGOD\HUWKHUHIRUHLWVKRXOG
WDNHDKLJKHUGRVDJHWRDFFRPSOLVKWKHILOWHUULSHQLQJ
LQWKHWUHDWPHQWRIXOWUDORZWXUELGLW\ZDWHU

GHFUHDVHGWR178ZLWKLQPLQLQWHUPVRI
PJ/ 3$)& DIWHU EDFNZDVKLQJ ZLWK SURFHGXUH 
7KH 3$)& GRVLQJ ZDV LPPHGLDWHO\ VWRSSHG WKH
WXUELGLW\FRQWLQXHGWRGURSDQGDIWHUDSSUR[LPDWHO\
 PLQ WKH ORZHVW HIIOXHQW WXUELGLW\ ZDV REWDLQHG
7KHQ WKH HIIOXHQW WXUELGLW\ LQFUHDVHG VOLJKWO\ EXW
UHPDLQHG XQGHU WKH EDVHOLQH RI  178 XQWLO
DSSUR[LPDWHO\  K K\GUDXOLF F\FOH  RI ILOWHU
UXQQLQJ WLPH DQG WKH WXUELGLW\ SHDN ZDV ORZHU
FRPSDUHG ZLWK WKH WXUELGLW\ UHVXOWLQJ IURP QR
FRDJXODQW DGGLWLRQ 0RUHRYHU ZLWK DQ LQFUHDVLQJ
DPRXQW RI FRDJXODQW DGGLWLRQ ERWK WKH WXUELGLW\
SHDN DQG WKH WLPH RI WKH ILOWHUULSHQLQJ SHULRG
GHFUHDVHGDGGLWLRQDOO\DORZHUWXUELGLW\DQGDORZHU
EDVHOLQH RI WXUELGLW\ ZHUH DOVR REVHUYHG7KXV WKH
VWDUWXS ZLWK VKRUWWHUP FRDJXODQW DGGLWLRQ FDQ
VKRUWHQ WKH ILOWHU ULSHQLQJ SURFHVV DQG HQKDQFH WKH
HIIOXHQWTXDOLW\
)LJXUHV E DQG F LOOXVWUDWH WKH ILOWHU HIIOXHQW
WXUELGLW\UHVXOWVIROORZLQJEDFNZDVKSURFHGXUHV
DQGUHVSHFWLYHO\,WFDQEHIRXQGIURP)LJXUHE
WKDW WKH DGGLWLRQ RI   DQG  PJ/ 3$)&
GHFUHDVHGWKHILOWHUHIIOXHQWWXUELGLW\WR178IRU
DSSUR[LPDWHO\PLQEXWLWLPPHGLDWHO\LQFUHDVHG
WRDERYH178ZKHQWKHGRVLQJZDVVWRSSHG
$V PHQWLRQHG DERYH WKH ILOWHU HIIOXHQW
WXUELGLW\ VKRXOGEH UHGXFHGWR178WKHUHIRUH
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#2
#3
),*85(
6(0LPDJHVRIVDQGOD\HUXQGHUGLIIHUHQWEDFNZDVKSURFHGXUHV
IROORZLQJILOWHUULSHQLQJWKHSRURVLW\UDWLRGHFUHDVHG
E\DSSUR[LPDWHO\SHUFHQWDJHSRLQWVFRPSDUHGWR
WKDWRIWKHVDQGOD\HULQWKHFOHDQVWDWH7KHUHIRUH
DSSURSULDWH TXDQWLWLHV RI SDUWLFOHV UHWDLQHG LQ WKH
VDQGOD\HUDIWHUEDFNZDVKLQJLVDNH\WRHQVXUHWKH
ZDWHUTXDOLW\LQWKHWUHDWPHQWRIWKHXOWUDORZWXUELGLW\ZDWHU$GGLWLRQDOO\WKHEDFNZDVKSURFHGXUHZLWK
WKH ORZ IORZ UDWH FDQ HQVXUH WKH ZDWHU TXDOLW\ DQG
GHFUHDVH WKH FRQVXPSWLRQ RI EDFNZDVK ZDWHU DQG
HQHUJ\ ZKLFK LV EHQHILFLDO WR DQ HQHUJ\VDYLQJ
UXQQLQJPRGHRIWKHILOWHU

0HFKDQLVPRIORZEDFNZDVKIORZUDWHLQWKH
WUHDWPHQWRIXOWUDORZWXUELGLW\ZDWHU7KHUHVXOWV
RIWKHLPSDFWRIWKHGLIIHUHQWEDFNZDVKSURFHGXUHV
VKRZWKDWWKHHIIOXHQWZDWHUTXDOLW\FDQEHHQKDQFHG
E\WKHORZEDFNZDVKIORZUDWHZKLFKPD\EHGXHWR
D VDQG OD\HU WKDW LV QRW YHU\ FOHDQ DV VKRZQ E\
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0  UHVXOWV 6(0
6 ZDVXVHGWRFKDUDFWHUL]HWKHPRUSKRORJ\RI
WKH VDQG VDPSOHV DIWHU WKH EDFNZDVKLQJ ZLWK
GLIIHUHQW SURFHGXUHV 7KH UHVXOWV DUH SUHVHQWHG LQ
)LJXUHZKLFKVKRZVWKDWWKHDPRXQWRISDUWLFOHV
DWWDFKHG DW WKH VXUIDFH RI WKH VDQG ZDV GLIIHUHQW
$OPRVWQRSDUWLFOHVZHUHDWWDFKHGDWWKHVXUIDFHRI
WKH PHGLD DIWHU EDFNZDVKLQJ DW D KLJK IORZ UDWH
EDFNZDVKSURFHGXUH ZKLOHSDUWLFOHVDWWDFKHGDW
WKH VXUIDFH RI WKH VDQG FDQ REYLRXVO\ EH REVHUYHG
DIWHUEDFNZDVKLQJZLWKSURFHGXUH
7KH ILOWHU HIIOXHQW WXUELGLW\ FDQQRW EH
HIIHFWLYHO\ UHPRYHG XQGHU YHU\ FOHDQ VDQG EDFNZDVK SURFHGXUH   EHFDXVH WKH SDUWLFOHV LQ WKH
LQIOXHQW ZDWHU ZLWK D WXUELGLW\ UDQJH IURP  WR
 178 DUH VPDOO DQG WKH FKDQFH IRU FRQWDFW
EHWZHHQWKHSDUWLFOHVRUEHWZHHQWKHSDUWLFOHDQGWKH
VDQGLVJUHDWO\UHGXFHGDGGLWLRQDOO\LWLVHDV\IRUWKH
VPDOOSDUWLFOHVWRSHQHWUDWHWKHILOWHUOD\HU+RZHYHU
WKHVKHDUIRUFHDWWKHVXUIDFHRIWKHPHGLDGHFUHDVHG
ZLWKWKHORZEDFNZDVKIORZUDWHZKLFKOHGWRVRPH
SDUWLFOHV EHLQJ UHWDLQHG LQ WKH VDQG OD\HU WKHVH
SDUWLFOHV FRXOG DFW DV ³DGGLWLRQDO FROOHFWRUV´ >@
ZKLFKLQFUHDVHGWKHFKDQFHVIRUFRQWDFWEHWZHHQWKH
SDUWLFOHVRUEHWZHHQWKHSDUWLFOHVDQGWKHVDQGZKLFK
WKHQHQKDQFHGWKHUHPRYDOUDWHRIWXUELGLW\
7KHOHQJWKRIWKHILOWHUULSHQLQJSHULRGGHSHQGV
RQWKHTXDOLW\RIWKHLQIOXHQWZDWHUWKHSURSHUW\RI
WKHILOWHUPHGLDDQGWKHEDFNZDVKIORZUDWHDPRQJ
RWKHUV,QWKHWUHDWPHQWRIXOWUDORZWXUELGLW\ZDWHU
WKH IXQFWLRQ RI WKH UHWDLQHG SDUWLFOHV ZKLFK FDQ
DFFHOHUDWH WKH VDQG ILOWHU ULSHQLQJ DQG LPSURYH WKH
HIIOXHQWZDWHUTXDOLW\LVSDUWLFXODUO\LPSRUWDQW
7RIXUWKHULQYHVWLJDWHWKHSURSHUWLHVRIWKHVDQG
OD\HUXQGHUGLIIHUHQWFRQGLWLRQVWKHSRURVLW\UDWLRV
RI WKH VDQG OD\HU XQGHU WKH FRQGLWLRQV SUHVHQW
LPPHGLDWHO\ DIWHU WKH FRPSOHWLRQ RI EDFNZDVKLQJ
DIWHU ILOWHUULSHQLQJDQGDW WKHHQGRIWKH ILOWUDWLRQ
SHULRG ZHUH PHDVXUHG DQG WKH\ ZHUH   DQG
UHVSHFWLYHO\2QHUHDVRQIRUWKHGLIIHUHQFHVLV
WKH GLIIHUHQW DPRXQWV RI SDUWLFOHV DWWDFKHG LQ WKH
VDQG OD\HU 8QGHU WKH FRQGLWLRQV LPPHGLDWHO\

0HFKDQLVP RI VWDUWXS ZLWK VKRUWWHUP
FRDJXODQW DGGLWLRQ 7KH UHVXOWV RI WKH VWDUWXS
H[SHULPHQWV ZLWK VKRUWWHUP FRDJXODQW DGGLWLRQ
VKRZ WKDW WKH HIIOXHQW WXUELGLW\ FDQ EH UHGXFHG WR
EHORZ178DIWHUWKHDSSURSULDWHFRDJXODQWDGGLWLRQ :LWK WKH ORZ EDFNZDVK IORZ UDWH EHFDXVH
DSSURSULDWH TXDQWLWLHV RI SDUWLFOHV ZHUH UHWDLQHG LQ
WKHVDQGOD\HUDORZHUDPRXQWRIFRDJXODQWLVQHHGHG
FRPSDUHGWRWKDWQHHGHGDIWHUWKHKLJKEDFNZDVKUDWH
$ VWDUWXS ZLWK D VKRUWWHUP FRDJXODQW DGGLWLRQ
SURFHGXUHHQDEOHVWKHVDQGOD\HUWRTXLFNO\UHDFKD
PDWXUHVWDWH7KXVDVWDUWXSWHFKQLTXHWKDWLQFOXGHV
D VKRUWWHUP FRDJXODQW DGGLWLRQ SURFHGXUH FDQ
UHGXFHWKHWXUELGLW\SDVVDJHWKURXJKDILOWHUWKHUHE\
UHVXOWLQJLQLPSURYHGZDWHUTXDOLW\
:KHQ WKH PHGLD UHDFKHV WKH PDWXUH VWDWH
FRQWLQXLQJ WR DGG FRDJXODQW GRHV QRW REYLRXVO\
LPSURYHWKHWUHDWPHQWHIIHFWLQVWHDGLWZLOOUHGXFH
WKHSRURVLW\UDWLRRIWKHILOWHUOD\HUDQGWKHQVKRUWHQ
WKH ILOWUDWLRQ SHULRGV &RPSDUHG ZLWK FRQWLQXRXV
FRDJXODQWDGGLWLRQDVWUDWHJ\RIVWDUWXSZLWKVKRUW
WHUPFRDJXODQWDGGLWLRQGHFUHDVHGWKHFRQVXPSWLRQ
RIFRDJXODQWDQGIXUWKHUUHGXFHGWKHRSHUDWLQJFRVWV
RIWKHZDWHUWUHDWPHQW

CONCLUSIONS
,Q WKLV VWXG\ D QHZ VWDUWXS WHFKQLTXH ZLWK
VKRUWWHUPFRDJXODQWDGGLWLRQDQGDQRSWLPL]DWLRQRI
WKH EDFNZDVK SURFHGXUH ZLWK D ORZ IORZ UDWH ZDV
SHUIRUPHGDQGLWVHIILFLHQFLHVLQUHPRYLQJWXUELGLW\
ZHUH DOVR LQYHVWLJDWHG 7KH IROORZLQJ FRQFOXVLRQV
ZHUHGUDZQ
z To ensure filter effluent turbidity below 0.1
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:DWHU5HV  
[7] /X60/LX-&/L6:DQG%LQH\(  
$QDO\VLVRIXSIORZDHUDWHGELRORJLFDODFWLYDWHG
FDUERQ ILOWHU WHFKQRORJ\ LQ GULQNLQJ ZDWHU
WUHDWPHQW(QYLURQ7HFKQRO  

[8] ;X % DQG &KHQ :   $SSOLFDWLRQ RI
PLFURIORFFXODWLRQ DQG HQKDQFHG )LOWUDWLRQ LQ
*XDQMLQJJDQJ ZDWHUZRUNV &KLQD :DWHU 
:DVWHZDWHU   LQ&KLQHVH
[9] <XNVHO ( (\YD] 0$NWDV76 DQG 6DDWFL
$0   $ 1HZ 3RO\HOHFWURO\WH 'RVLQJ
0HWKRG,QMHFWLRQLQWR'HHS%HG)LOWHU0HGLD
&OHDQ6RLO$LU:DWHU  
[10] &UDQVWRQ .2 DQG $PLUWKDUDMDK $  
,PSURYLQJWKHLQLWLDOHIIOXHQWTXDOLW\RIDGXDO
PHGLD ILOWHU E\ FRDJXODQWV LQ WKH EDFNZDVK -
$P:DWHU:RUNV$VVRF  
[11] $PLUWKDUDMDK$   6RPH WKHRUHWLFDO DQG
FRQFHSWXDO YLHZV RI ILOWUDWLRQ - $P :DWHU
:RUNV$VVRF  
[12] $PEXUJH\-(  2SWLPL]DWLRQRIWKHH[
WHQGHG WHUPLQDO VXEIOXLGL]DWLRQ ZDVK (76: 
ILOWHUEDFNZDVKLQJSURFHGXUH:DWHU5HV 
 
[13] (\YD] 0$NWDV 76<XNVHO ( DQG 6DDWFL
$0   (IIHFWV RI LQWHUPLWWHQW SRO\
HOHFWURO\WH DGGLWLRQ RQ ZDWHU TXDOLW\ LQ GLUHFW
ILOWUDWLRQ:DWHU4XDOLW\5HV-&DQDGD  

[14] /LQ 3+ /LRQ /: DQG :HEHU6KLUN 0/
  (QKDQFHG SDUWLFOH FDSWXUH WKURXJK
DOXPLQXP K\GUR[LGH DGGLWLRQ WR SRUHV LQ VDQG
PHGLD-(QYLURQ(QJ  
[15] 3L]]L1  2SWLPL]LQJ\RXUSODQW¶VILOWHU
SHUIRUPDQFH2SIORZ  
[16] $PEXUJH\ -($PLUWKDUDMDK$ %URXFNDHUW
%0 DQG 6SLYH\ 1&   $Q HQKDQFHG
EDFNZDVKLQJ WHFKQLTXH IRU LPSURYHG ILOWHU
ULSHQLQJ- $P :DWHU :RUNV $VVRF   

[17] &ROWRQ -) +LOOLV 3 DQG )LW]SDWULFN &6%
  )LOWHU EDFNZDVK DQG VWDUWXS VWUDWHJLHV
IRU HQKDQFHG SDUWLFXODWH UHPRYDO :DWHU 5HV
  
[18] 6XWKDNHU 6 6PLWK ': DQG 6WDQOH\ 6-
 2SWLPLVDWLRQRIILOWHUULSHQLQJVHTXHQFH
- :DWHU 6XSSO\ 5HV 7HFKQRO$48$   

[19] $PEXUJH\ -( DQG $PLUWKDUDMDK $  
6WUDWHJLF ILOWHU EDFNZDKLQJ WHFKQLTXHV DQG
UHVXOWLQJSDUWLFOHSDVVDJH-(QYLURQ(QJ
 
[20] 'DUE\-/DQG/DZOHU')  5LSHQLQJLQ
GHSWK ILOWUDWLRQ HIIHFW RI SDUWLFOH VL]H RQ
UHPRYDODQGKHDGORVV(QYLURQ6FL7HFKQRO
  

NTU, a low backwash flow rate should be adopted
to retain DSSURSULDWH TXDQWLWLHV RI SDUWLFOHV in the
treatment of the ultra-low turbidity water.
z :LWK WKH VWDUWXS ZLWK D VKRUWWHUP DGGLWLRQDOGRVDJHRIPJ/3$)&IRUDSSUR[LPDWHO\
PLQWKHHIIOXHQWWXUELGLW\FDQEHUHGXFHGWR
178DQGFDQEHPDLQWDLQHGEHORZ178XQWLOWKH
K\GUDXOLFF\FOH K LVUHDFKHG
z 7KH WHFKQLTXH RI VWDUWXS ZLWK VKRUWWHUP
FRDJXODQWDGGLWLRQDQGWKHORZEDFNZDVKIORZUDWH
SURFHGXUHFan accelerate the filter ripening, keep the
filter effluent turbidity below 0.1 NTU during the
whole filtration period, GHFUHDVHWKHFRQVXPSWLRQRI
FRDJXODQWDQGUHGXFHWKHRSHUDWLQJFRVWV

ACKNOWLEDGEMENTS
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH 1DWLRQDO
6FLHQFH DQG 7HFKQRORJ\ 0DMRU 3URMHFW RI &KLQD 
:DWHU 3ROOXWLRQ &RQWURO DQG 7UHDWPHQW 1R
=;  DQG WKH 1DWLRQDO 1DWXUDO
6FLHQFH)RXQGDWLRQRI&KLQD *UDQW1R 
IRUWKHSULQFLSDOILQDQFLDOVXSSRUWWKH\SURYLGHGIRU
WKLVUHVHDUFK7KHDXWKRUVDFNQRZOHGJHWKHYDOXDEOH
FRQWULEXWLRQVRIDOOPHPEHUVRIWKHSURMHFWWHDP7KH
DXWKRUVKDYHGHFODUHGQRFRQIOLFWRILQWHUHVW

REFERENCES
[1] 1GLRQJXH 6 'HVMDUGLQV 5 DQG 3UHYRVW 0
  5HODWLRQVKLSV EHWZHHQ WRWDO SDUWLFOH
FRXQW DUHRELF VSRUHIRUPLQJ EDFWHULD DQG
WXUELGLW\ LQ GLUHFW ILOWUDWLRQ - :DWHU 6XSSO\
5HV7HFKQRO$48$  
[2] %ULGJHPDQ - 6LPPV -6 DQG 3DUVRQV 6$
  3UDFWLFDO DQG WKHRUHWLFDO DQDO\VLV RI
UHODWLRQVKLSV EHWZHHQ SDUWLFOH FRXQW GDWD DQG
WXUELGLW\-:DWHU6XSSO\5HV7HFKQRO$48$
  
[3] /H &KHYDOOLHU 0: 1RUWRQ :' /HH 5*
  *LDUGLD DQG &U\SWRVSRULGLXP VSS LQ
ILOWHUHGGULQNLQJZDWHUVXSSOLHV$SSO(QYLURQ
0LFURE  
[4] +XFN 30 &RIIH\ %0 $QGHUVRQ :%
(PHONR0%0DXUL]LR''6ODZVRQ50
'RXJODV ,3 -DVLP 6< DQG 2¶0HOLD &5
  8VLQJ WXUELGLW\ DQG SDUWLFOH FRXQWV WR
PRQLWRU &U\SWRVSRULGLXP UHPRYDOV E\ ILOWHUV
:DWHU6FL7HFKQRO:DWHU6XSSO\  
[5] +DQ/1/LX:-:DQJ=66XQ5)HL
;4 DQG +X -3   &RPSDULVRQ RI
WUHDWPHQWV XVLQJ XSIORZ DQG GRZQ IORZ ELR
ORJLFDODFWLYDWHGFDUERQILOWHUV-7VLQJKXD8QLY
6FL7HFKQRO    LQ&KLQHVH
[6] 5HXQJRDW-(VFKHU%,0DFRYD0$UJDXG
); *HUQMDN : DQG .HOOHU -  
2]RQDWLRQ DQG ELRORJLFDO DFWLYDWHG FDUERQ
ILOWUDWLRQRIZDVWHZDWHUWUHDWPHQWSODQWHIIOXHQWV



© by PSP

Volume 26 ± No. 4/2017 pages 2772-2778

5HFHLYHG
$FFHSWHG




CORRESPONDING AUTHOR
<DQ=KDQJ
'HSDUWPHQWRI&LYLO(QJLQHHULQJ
=KHMLDQJ8QLYHUVLW\
+DQJ]KRX±&+,1$
(PDLO]KDQJ\DQ#]MXHGXFQ



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 4/2017 pages 2779-2784

Fresenius Environmental Bulletin

THE EFFECT OF THE BIOSTIMULANT KELPAK SL ON
SELECTED MACROELEMENTS IN TWO GRASS SPECIES
Grazyna Anna Ciepiela, Agnieszka Godlewska*
Siedlce University of Natural Sciences and Humanities, Poland, Institute of Health Sciences 08-110 Siedlce, B. Prusa 12 st.

elements in a feed depends on e.g. soil conditions,
water supply for the plants, use, plant development
stage [1], mineral fertilisation level, supply of
nitrogen in particular, and intensity of utilisation
[2,3,4]. In recent years, an application of seaweed
extracts in organic agriculture has been becoming
more and more popular in organic agriculture
worldwide. The extracts may serve as biostimulants
and liquid fertilisers as they are a source of organic
matter [5,6] and plant hormones [7,8]. Unlike
mineral fertilisers, seaweed extracts are biodegradeable but, first and foremost, non-toxic for humans
and animals [9]. Research conducted so far has
demonstrated that seaweed extracts increase plant
resistance to diseases and pests, biotic stress
(drought, soil salinity) and also contribute to an
increased uptake of nutrients and extend the time
when photosynthesis takes place [10]. An
application of biostimulants to crop plant stands
may positively affect crop yield quantity and
quality. However, the mode of action of seaweed
extracts on plant growth and development has not
been fully explained yet [11].
The objective of this study was to determine
the effect of the biostimulant Kelpak SL as well as
nitrogen fertilisation on the concentration of some
macroelements in two species of grass.

ABSTRACT
The objective of this study was to determine
the effect of the biostimulant Kelpak SL as well as
nitrogen fertilisation on the concentration of some
macroelements in two species of grass. A field
experiment was arranged as a randomized subblock design (split-split-plot) with three replicates
at the Siedlce (Poland) Experimental Unit of the
University of Natural Sciences and Humanities in
late April 2009. The following factors were
examined: pure stands of grass species grown in
monoculture - Dactylis glomerata L. cv. Amila and
Festulolium braunii (K.Richt.) A. Camus, cv.
Felopa; biostimulant with the trade name Kelpak
SL applied at 2 dm3ha-1 and a control ± no
biostimulant; nitrogen application rate: 50, 100 and
150 kgha-1, and a control (0 kg . ha-1). An
application of Kelpak and nitrogen fertilisation
contributed to an increase in P, Ca and Mg contents
and a decline in K contents in the biomass of grass
species tested. Increasing rates of nitrogen fertiliser
were followed by increased P, Mg and Ca contents
and reduced K content in the plants tested. The
concentration of macroelements in the biomass of
grasses was almost optimum. An application of
seaweed extract and nitrogen fertilisation clearly
extended Ca:Mg and Ca:P ratios but narrowed the
K: (Ca+Mg) ratio.

MATERIALS AND METHODS
A field experiment was arranged as a
randomized sub-block design (split-split-plot) with
three replicates at the Siedlce (Poland)
Experimental Unit of the University of Natural
Sciences and Humanities in late April 2009. The
plot area was 10 m2. The soil of the experimental
site represents average soils, Hortic Anthrosol
(WRB). Soil chemical composition analysis was
carried out at the National Chemical and
Agricultural Station in Warsaw. The soil tested had
a neutral pH, was rich in copper, zinc available
phosphorus and magnesium, and moderately rich in
manganese, total nitrogen and available potassium
(Table 1).
The following factors were examined:
x pure stands of grass species grown in
monoculture
- Dactylis glomerata L. cv. Amila

KEYWORDS:
seaweed extract, P, Ca, Mg, Dactylis glomerata,
Festulolium braunii

INTRODUCTION
The biological value of a feed is evaluated
based on contents of individual nutrients, in
particular macroelements. Chemical composition of
grasses, which are the major component of meadow
and pasture communities, is quite varied and very
much dependent on the species and cultivar. Good
quality feed should contain appropriate quantities of
macro- and microelements, which in turn affects the
favourable quantitative ratios between these
elements in the feed and, as a result, increases their
availability for the animal. Concentration of the
2779
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was performed before each cutting: the first
application was three weeks before the first cutting,
the second one two weeks after the first harvest, and
the last one three weeks after the second harvest.
During each harvest, 0.5-kg green matter
samples of grasses were taken from each plot to
carry out chemical analyses. The samples were left
to dry in a ventilated room. The airy dry matter was
shredded and ground. The obtained material was
subjected to chemical analysis to determine dry
matter (by determining moisture content),
phosphorus, potassium, magnesium and calcium.
Phosphorus was determined by the colorimetric
method and the remaining elements by the AAS
method. The data obtained were used to calculate
the ion rate Ca:Mg and K:(Ca+Mg) as well as the
weight ratio Ca:P in grass dry mater for each
experimental combination.
Statistical analysis was conducted using the
program STATISTICA StatSoft, Inc. (2011).
STATISTICA (data analysis software system),
version 10 (www.statsoft.com). Significance of
differences between means was checked using the
Tukey test at the significance level of Į 0.05.
Weather conditions differed during the study
period (Table 2). Average air temperatures and
precipitation sums in all the growing seasons were
higher than the long-term means and the
precipitation was very unevenly distributed. In 2010
and 2011 rainfall was, respectively, by 115.3 and
80.5 mm higher than the long-term means. It is
worth noting that in July 2010 the precipitation was
4.5-times higher than the long-term mean for July,
and it constituted 48% rainfall of the whole growing
season. By contrast, high rainfall shortages were
recorded in April 2010 and September 2011.

- Festulolium braunii (K.Richt.) A. Camus, cv.
Felopa,
x biostimulant with the trade name Kelpak
SL applied at 2 dm3ha-1 and a control ± no
biostimulant,
x nitrogen application rate: 50, 100 and 150
kgha-1, and a control (0 kg . ha-1).
TABLE 1
The chemical composition of soil
pH
in
KCL
7.2

Content of
assimilable
components,
mgkg-1 of soil
P205

K20

Mg

900

190

84

gkg1
d.m.
soil
N
total
1.8

mgkg-1
d.m. soil
-

NNO3
10.10
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NNH4
7.47

The growth stimulant applied in the
experiment is an extract from the fastest growing
seaweed (kelp) Ecklonia maxima harvested off the
coast of South Africa. The extract contains, among
others, the natural plant hormones auxins (11 mg l1
) and cytokinins (0.03 mg l-1). The commercial
name of the stimulant is Kelpak SL and it is
manufactured by Kelp Products (Pty) Ltd P.O. Box
6LPRQ¶V7RZn, the Republic of South Africa.
The first year of experiment was an
introductory phase when only one nitrogen rate was
applied and no biostimulant was used. It was a
preliminary period when 3 cuts were performed to
remove weeds. After the second cut, mineral
fertilisers were applied to all the plots at the
following rates: 30 kg . ha-1 N (ammonium nitrate)
and 30 kg . ha-1 K2O (potassium salt). No
phosphorus was applied as the soil was rich is
available P.
Over the study period (2010-2012), the cutting
regime was three harvests per year. Ammonium
nitrate was applied three times per year. The total
nitrogen amount was split into three equal rates
which were applied before each cutting. Phosphorus
and potassium needs of the grasses were calculated
taking into account the expected dry matter yields,
the appropriate mineral (from the ruminant nutrition
standpoint) contents of hay and soil P and K
availability. Moreover, to determine phosphorus
and potassium application rates, coefficients given
by Fotyma and Mercik [12] were used to convert
the amounts of the nutrients taken up by grass and
clover yields into the rates of phosphorus and
potassium fertilisers. P and K fertilisation was
applied to all the plots. Phosphorus was applied
once as triple superphosphate at a rate of 40 kgha-1
P2O5 in the spring. The amount of potassium (160
kgha-1 K2O) was split into three equal rates and
applied prior to each cutting as 60% potash salt.
The biostimulant was sprayed as an aqueous
solution, the rate was 2 dm3 of biostimulant per
hectare diluted in water to 400 dm3. The spraying

RESULTS AND DISCUSSION
Good quality feed is assumed to contain
around 3.0 g P and 17-20 g K . kg-1 d.m. [13,14]. It
was demonstrated in the present work that
phosphorus content in the grasses was slightly
lower and potassium content was slightly higher
than the above values (table 3), irrespective of the
experimental factors. Potassium deficiency is rare
in feeds whereas its excess is more frequent [15].
According to many authors [5], seaweed extracts
are a source of the following macroelements: Ca, K
and P. Their contents in the extracts are not high
enough to assume that these elements affect plant
nutrition. However, an application of seaweed
extracts contributes to an increase in nutrient uptake
by plants because algae are able to bind ions [16].
In the present study, the extract applied
significantly increased by (4.37%) phosphorus
content in both the grass species but it still
remained slightly below the optimum value.
Potassium uptake by fodder plants is not restricted
2780
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TABLE 2
Meteorological condition in growing season 2010-2012 by meteorological station in Siedlce
Year

Means air temperatures (0C)
IV
V
VI
VII

VIII

IX

Means in growing
season

2010

8.9

14.0

17.4

21.6

19.8

11.8

15.6

2011
2012
Means of many years
(2002- 2012)

9.8
9.0

13.4
14.5

18.1
16.4

18.2
20.4

18.1
18.0

14.4
14.2

15.3
15.4

7.7

10.0

16.1

19.3

18.0

13.0

14.0

Year
2010
2011
2012
Means of many years
(2002- 2012)

Monthly precipitations (mm)

Sum in growing season

IV
10.7
38.1
40.3

V
93.2
55.6
59.7

VI
62.6
44.3
118.7

VII
77.0
204.2
41.4

VIII
106.3
55.4
64.1

IX
109.9
26.6
30.8

459.7
424.2
355.0

52.3

50.0

68.2

45.7

66.8

60.7

343.7

TABLE 3
The effect of the biostimulant Kelpak SL on the dry matter content of phosphorus and
potassium by N rate, grass species, cut and study year
Content of phosphorus
Content of potassium
( gkg-1 d.m.)
(gkg-1 d.m.)
Tested trait
Treatment
Treatment
Mean
Mean
I
II
I
II
0
2.35 a
2.40 a
2.38 A
26.6 a
25.3 b
25.9 A
Dose
50
2.47 a
2.53 a
2.50 B
24.4 a
23.5 b
24.0 B
of N
100
2.57 a
2.66 b
2.61 C
22.9 a
22.1 a
22.5 C
-1
kgha
150
2.70 a
2.93 b
2.81 D
20.6 a
19.5 b
20.1 D
Species
Dactylis glomerata
2.51 a
2.63 b
2.57 A
23.8 a
22.9 b
23.3 A
of grass
Festulolium braunii
2.53 a
2.63 b
2.58 A
23.4 a
22.3 b
22.9 A
1
2.63 a
2.76 b
2.69 A
26.8 a
25.8 b
26.3 A
Cut
2
2.41 a
2.52 b
2.47 B
20.3 a
19.3 b
19.8 B
3
2.53 a
2.60 a
2.56 C
23.6 a
22.7 a
23.2 C
2010
2.64 a
2.79 b
2.72 A
22.5 a
21.6 b
22.0 A
Year
2011
2.46 a
2.53 a
2.50 B
22.8 a
22.0 a
22.4 A
2012
2.46a
2.56 b
5.51 B
25.5 a
24.3 b
24.9 B
Mean
2.52 a
2.63 b
2.58
23.6 a
22.6 b
23.1
I ± without biostimulant ( control); II ± with biostimulant Kelpak SL (2 dm3ha-1)
Different letters within the same line indicate significant differences
Values in columns for individual factors indicated with different, capital letters differ significantly

on the experimental factors. Phosphorus and
potassium contents were significantly the highest
in, respectively, the first and third study year.
Optimum Mg and Ca contents in a bulky feed
are 2.0 and 7.0 g .kg-1 d.m., respectively. The
biomass of the grasses contained slightly lower
quantities, that is 1.75 g . kg-1 of magnesium and
6.95 g . kg-1 of calcium, both values depending on
the experimental factors (table 4). An application of
Kelpak significantly increased Mg and Ca contents
in the grasses, by 3.48 and 6.54%, respectively. The
present results agree with findings reported by
Turan and Köse [18] as well as Crouch et al. [19]
who demonstrated a positive effect of seaweed
extract application on Mg content which increased
in the plants they examined. Similar relationships
were also reported by Tweddell et al. [20] who
found increased calcium and magnesium contents in
maize grain following an application of biostimulant, the differences being insignificant, however.
Also Kotze and Joubert [21] noted an increased Ca
content due to a foliar application of Ecklonia
maxima extract to Brassica oleracea plants.

so K content is often too high [4].
An application of Kelpak was followed by a
significant decline (by 4.42%) in potassium content
in plant biomass but it was still higher than the
optimum value. However, studies conducted by
Pramanick et al. [17] demonstrated that seaweed
extract had a positive effect on the rice content of
potassium. Similarly to the biostimulant, nitrogen
fertilisation significantly increased phosphorus
content and reduced potassium content in the grass
species tested even at the rate of 50 kg N . ha-1. The
results compiled for individual species of grass
demonstrated that an application of the biostimulant
increased the concentration of phosphorus but
reduced potassium content in both the grass species.
An analysis of results obtained for individual
cuts revealed that the lowest phosphorus and
potassium contents were determined for the second
cut, which may be closely associated with low
precipitation in July (table 2) [4,13].
Data analysis demonstrated that the
concentration of both the elements in grasses
harvested in individual study years did not depend
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TABLE 4
The effect of the biostimulant Kelpak SL on the dry matter content of magnesium and
calcium by N rate, grass species, cut and study year
Tested trait
0
50
100
150
Dactylis glomerata
Species of grass
Festulolium braunii
1
Cut
2
3
2010
Year
2011
2012
Mean
Dose of N
kgha-1

Content of magnesium
(gkg-1 d.m.)
Treatment
Mean
I
II
1.61 a
1.66 b
1.63 A
1.67 a
1.74 b
1.71 B
1.79 a
1.83 a
1.81 C
1.84 a
1.89 b
1.86 D
1.73 a
1.78 b
1.76 A
1.73 a
1.77 b
1.75 A
1.66 a
1.69 a
1.67 A
1.73 a
1.78 b
1.76 B
1.80 a
1.86 b
1.83 C
1.65 a
1.71 b
1.68 A
1.77 a
1.80 a
1.78 B
1.77 a
1.82 b
1.79 B
1.72 a
1.78 b
1.75

Content of calcium
(gkg-1 d.m.)
Treatment
Mean
I
II
6.03 a
6.25 b
6.14 A
6.46 a
6.76 b 6.61 AB
6.98 a
7.31 b
7.14 B
7.43 a
8.34 b
7.89 C
6.52 a
6.98 b
6.75 A
6.93 a
7.36 b
7.14 B
5.52 a
6.00 b
5.75 A
5.98 a
6.32 a
6.16 B
8.68 a
9.19 b
8.93 C
6.72 a
7.18 b
6.95 A
6.36 a
6.84 b 6.60 AB
7.10 a
7.48 a 7.29 AC
6.73 a
7.17 b
6.95

Explanation see Table 3
TABLE 5
The effect of the biostimulant Kelpak SL on the ion ratios of elements in the dry matter of
grasses by N rate, grass species, cut and study year
Tested trait
0
50
100
150
Dactylis glomerata
Species of grass
Festulolium braunii
1
Cut
2
3
2010
Year
2011
2012
Mean
Dose of N
kgha-1

The ion ratio Ca:Mg
Treatment
Mean
I
II
2.24 a
2.25 a
2.25 A
2.31 a
2.32 a
2.31 A
2.33 a
2.39 a
2.36 A
2.41 a
2.64 b
2.53 B
2.25 a
2.34 b
2.30 A
2.39 a
2.47 a
2.43 B
2.00 a
2.13 b
2.06 A
2.07 a
2.13 a
2.10 A
2.89 a
2.95 a
2.92 B
2.42 a
2.49 a
2.45 A
2.16 a
2.26 b
2.21 B
2.39 a
2.46 a
2.42 A
2.32 a
2.40 a
2.36

The ion ratio K/(Ca + Mg)
Treatment
Mean
I
II
1.59 a
1.48 b
1.54 A
1.39 a
1.29 b
1.34 B
1.22 a
1.13 b
1,18 C
1.04 a
0.89 b
0.96 D
1.33 a
1.22 b
1.28 A
1.29 a
1.17 b
1.23 A
1.68 a
1.53 b
1.61 A
1.19 a
1.09 b
1.14 B
1.06 a
0.97 b
1,01 C
1.27 a
1.15 b
1.21 A
1.30 a
1.19 b
1.24 A
1.36 a
1.24 b
1.30 A
1.31 a
1.20 b
1.26

Explanation see Table 3
The results also demonstrated substantial
differences between Mg and Ca quantities in the
plants tested in successive study years. The lowest
contents were determined in plants harvested in the
first study year, regardless of the remaining factors.
Clear relationships between an application of
Kelpak and Mg content in grasses were detected in
the first and third year. Such relationships for
calcium were found in the first two study years.
The biomass of grasses was evaluated based
on the criteria of feed nutritional value. According
to the criteria, the following optimum ratios:
Ca:Mg, K:(Ca+Mg) and Ca:P should amount to 23:1, 1.62-2.2:1 and 2:1, respectively [15]. Optimum
levels of components in a feed positively affect
their availability to animals. The average Ca:Mg
ratio in the biomass of tested plants fell within the
aforementioned range (table 5). Increasing nitrogen
fertiliser rates and an application of Kelpak
favourably extend this ratio but the differences were

Nitrogen fertilisation significantly increased
the concentration of both the macroelements in
plant biomass. At the nitrogen rate of 150 kg . ha-1
Mg and Ca contents significantly increased in
grasses by 14.1 and 33.4%, respectively. However,
studies conductHG E\ 6WDQLDN DQG .VLĊĪDN >@
revealed a decline in calcium content in plant matter
following an application of increasing nitrogen
rates.
Magnesium and calcium contents in the
biomass of both the grass species varied
significantly due to an application of the
biostimulant. It should also be noted that
differences in the concentration of magnesium did
not depend on the species whereas calcium content
was significantly higher in Festulolium braunii.
Data analysis demonstrated that Mg and Ca
contents increased significantly in successive cuts
and differed significantly irrespective of the
remaining experimental factors.
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Ca:P ratio depended on the species of grass. It was
significantly higher for Dactylis glomerata. The
Ca:P ratio was extended at the successive cuts, the
differences being significant. The most favourable
Ca:P ratio was determined for grass harvested in the
first study year. The results cannot be discussed due
to lack of relevant literature.

not significant. Only plants harvested in Keplaktreated plots where nitrogen had been applied at the
rate of 150 kg . ha-1 had a more favourable Ca:Mg
ratio. Lack of literature on this subject makes
discussion of the results impossible. The Ca:Mg
ratio was optimum for both the grass species,
irrespective of the remaining factors, it being
significantly higher for Festulolium braunii. The
Ca:Mg ratio determined in the dry matter of plants
varied in individual cuts, being significantly the
highest in grass harvested at the second cut. The
K:(Ca+Mg) ratio was slightly lower than the
optimum value. The current study demonstrated
that the proportions between these elements in
grasses were clearly modified by an application of
Kelpak and nitrogen fertilisation. The biostimulant
and increasing nitrogen rates had a negative impact
on the K:Mg ratio which was narrowed, the
differences
being
statistically
significant.
Proportions of these macroelements did not differ in
both the species. Significantly the highest and
optimum K:Mg value was found in the biomass of
grasses harvested at the first cut compared with the
remaining cuts. Values of the K:Mg ratio did not
differ in individual study years.

CONCLUSIONS
1. An application of Kelpak and nitrogen
fertilisation contributed to an increase in P, Ca and
Mg contents and a decline in K contents in the
biomass of grass species tested.
2. Increasing rates of nitrogen fertiliser were
followed by increased P, Mg and Ca contents and
reduced K content in the plants tested.
3. The concentration of macroelements in the
biomass of grasses was almost optimum.
4. An application of seaweed extract and
nitrogen fertilisation clearly extended Ca:Mg and
Ca:P ratios but narrowed the K: (Ca+Mg) ratio.

REFERENCES
TABLE 6
The effect of biostimulant Kelpak SL on the on
the ratio Ca:P in the dry matter of grasses by N
rate, grass species, cut and study year

[1] Borawska--DUPXáRZLF], B. (2003) Nutritive
value of grass mixtures in a combined
utilization for meadow (first cut) and pasture
(second harvest). Biuletyn Instytutu Hodowli i
$NOLPDW\]DFML 5RĞOLQ 225, 183-191.
(in
Polish)
[2] Nowak, W. and 6RZLĔVNL, J. (2007) The effect
of nitrogen dose distribution and mixtures of
red clover with grass species on yielding and
chemical composition. Part II. Chemical
composition. Advances of agricultural sciences
problem issues, 516, 129-135.
[3] Mastalerczuk, G. (2006) Nutrient content in
organs of meadow plants in different
conditions of management intensity. Grassland
Science in Poland, 9, 131-140. (in Polish)
[4] *DZHá, E. (2011) Specific and mineral
composition of organically grown legumegrass mixtures under combined hay and
grazing regime. Polish Journal of Agronomy, 6,
17-26. (in Polish)
[5] Khan W., Rayirath U.P., Subramanian S.,
Jithesh M.N., Rayorath P., Hodges D.M.,
Critchley A.T., Craigie J.S., Norrie J. and
Prithiviraj B. (2009) Seaweed extracts as bio
stimulants of plant growth and development. J.
Plant Growth Regul., 28, 386-399.
[6] Craigie, J.S. (2011) Seaweed extract stimuli in
plant science and agriculture. J. Appl. Phycol.,
23, 371-393.
[7] Durand, N., Briand, X. and Meyer, C. (2003)
The effect of Marine bioactive substances (N
PRO) and exogenous cytokinins on nitrate

The weight ratio Ca:P
Tested trait

Dose of
N kgha-1

Species of
grass

Cut

Year

0

Treatment
I
2.58 a

II
2.62 a

50

2.63 a

2.69 a

100

2.73 a

2.78 a

150

2.79 a

2.88 b

2.61 a

2.67 a

2.64 A

2.75 a

2.81 a

2.78 B

2.11 a
2.49 a
3.44 a
2.56 a
2.59 a
2.89 a
2.68 a

2.17 a
2.51 a
3.54 b
2.59 a
2.71 b
2.92 a
2.74 a

2.14 A
2.50 B
3.49 C
2.57 A
2.65 A
2.91 B
2.71

Dactylis
glomerata
Festulolium
braunii
1
2
3
2010
2011
2012

Mean

Mean
2.60 A
2.66
AB
2.75 B
2.83
BC

Explanation see Table 3
The average Ca:P ratio in the biomass of
grasses was 2.71 (table 6) and it was higher than the
optimum value. An application of seaweed extract
extended the ratio but the differences were not
significant.
Increasing nitrogen rates systematically
increased the Ca:P ratio. Significant differences
between the ratios were observed between control
grasses and nitrogen-fertilised grasses after the N
rates of 100 and 150 kg . ha-1 had been applied. The
2783

© by PSP

Volume 26 ± No. 4/2017 pages 2779-2784

Fresenius Environmental Bulletin

(2000) A two-year field study of a commercial
biostimulant applied on maize as seed coating.
Canadian Journal of Plant Science,
80(4):
805-807, DOI:104141/P99-142.
[21] Kotze, W.A.G and, Joubert, M. (1980)
Influence of foliar spraying with seaweed foliar
spraying with seaweed products on the growth
and mineral nutrition of rye and cabbage.
Elsenburg Joernoal, 4: 17-20.
[22] Staniak, M. and .VLĊĪDN - (2008) Chemical
composition of Festulolium braunii-Trifolium
pratense mixtures in relation to nitrogen
fertilisation and teh share components. WaterEnvironment-Rural Areas, 8,2b(24): 163-173.
(in Polish)

reductase activity in Arabidospsis thaliana.
Physiologia Plantarum, 119: 489-493.
[8] Stirk, W.A., Aurthur, G.D. Lourens, A.F.,
Novak, O., Strnad, M. and van Staden, J.
(2004) Changes in cytokinins and auxin
concentrations in seaweed concentrates when
stored at an elevated temperature. Journal of
Applied Phycology, 2004; 16: 31-39.
[9] Dhargalkar, V.K. and Pereira, N. (2005)
Seaweed: promising plant of the millennium.
Science and Culture, 71: 60-66.
[10] Alam, M.Z., Braun, G., Norri,e J. and Hodges
D.M. (2014) Ascophyllum extract application
can promote plant growth and root yield in
carrot associated with increased root-zone soil
microbial activity. Canadian Journal of Plant
Science, 94: 337-348 doi:10.4141/CJPS2013135.
[11] Aziz, N., Mahgoub, M. and Siam, Z. (2011)
Growth, flowering and chemical constituents
performance of Amarantus tricolor plants as
influenced
by
seaweed
(Ascophyllum
nodosum) extract application under salt stress
conditions. Journal of applied Sciences
Research, 7: 1472-1484.
[12] Fotyma, M., Mercik, S. (1995) Fertilizationn
and crop Technologies.
Agricultural
Chemistry.
State
Scientific Publishers,
Warsaw. (in Polish)
[13] Falkowski, M. and
.XNXáND, S. (2000)
Chemical properties of meadow plants. Wyd.
$53R]QDĔ. (in Polish)
[14] Epstein, E. and Bloom, A.J. (2004) Mineral
nutrition of plants: principles and perspectives.
Sinauer
Associates,
Inc.
Publishers,
Sunderland, Massachusetts, 47: 207-225.
[15] :LĞQLRZVND-Kielian, B. and /LSLĔVNL W.
(2007) Evaluation of the chemical composition
of plants. 3ROVNLH 7RZDU]\VWZR ,QĪ\QLHULL
Ekologicznej, Krajowa stacja ChemicznoRolnicza, Kraków-Warszawa-:URFáDZ.
(in
Polish)
[16] Kuyucak, N. and Volesky, B. (1989) The
mechanism of cobaltbiosorption. Biotechnol.
Bioengrg., 33: 823-831.
[17] Pramanick, B., Brahmachari, K., Ghosh, A.
(2014) Zodape, St. Effect of seaweed saps on
growth and yield improvement of transplanted
rice in old alluvial soil of west bengal.
Bangladesh Journal of Botany, 43(1): 53-58.
[18] Turan, M. and Köse C. (2004) Seaweed
extracts improve copper uptake of grapevine.
Acta Agric. Scand., Sect. B, Soil and Plant Sci.
54: 213-220.
[19] Crouch, I.J., Beckett, R.P. and Van Staden, J.
(1990) Effect of seaweed concentrate on the
growth and mineral nutrition of nutrient
stressed lettuce. J. Appl. Phycology, 2: 269272.
[20] Tweddell R.J., Pelerin, S. and Chabot, R.

Received:
Accepted:

09.07.2015
23.02.2017

CORRESPONDING AUTHOR
Agnieszka Godlewska
Siedlce University of Natural Sciences and
Humanities, Poland, Institute of Health Sciences
08-110 Siedlce, B. Prusa 12 st.
e-mail: agnieszka.godlewska@uph.edu.pl

2784

Volume 26 ± No. 4/2017 pages 2785-2792

© by PSP

Fresenius Environmental Bulletin

STATUS OF PHOSPHORUS IN PADDY SOILS OF XIANNING,
HUBEI PROVINCE, CHINA, AND ITS TRANSFORMATION
RELATIONSHIP WITH THE PHYSICAL CHEMICAL
PROPERTIES OF SOILS
Yongkui Wang1,3,*, Guoqiang Zuo2, Liang Liu4, Xianli Liu1,3, Jiexun Huang1,3, Jin Zheng3, Wei Kang1, 3,
Jiaquan Zhang1,3, Wensheng Xiao1,3, Chunqin Yin1,3
1

College of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, Hubei, China.
Department of Metallurgy and Chemical Engineering, Jiyuan Vocational and Technical College, Jiyuan 454650, Henan, China
3
Hubei Key Laboratory of Mine Environmental Pollution Control and Remediation, Hubei Polytechnic University
Huangshi 435003, Hubei, China.
4
School of Environmental & Safety Engineering, Changzhou University, Changzhou 213164, Jiangsu, China

2

ABSTRACT

INTRODUCTION

The biogeochemistry of phosphorus plays a
fundamental role in the soil ecosystems and aquatic
environments. The transformation processes of
phosphorus in the soils are controlled by the physical chemical parameters of the soils, particularly
the iron species. However, researchers have reached
no consensus with regard to the relationship
between phosphorus transformation and iron
species in the soils. To interpret the relationship
between phosphorus transformation processes and
iron species, 29 soil samples were collected from
the subtropical areas in Xianning City, Hubei
Province, China, for the aim with the aid of
correlation analysis. Results showed that although
the total phosphorus contents was high in the soil
samples, the percentage of available phosphorus
was low, in the range of 1.36% to 6.61%.
Phosphorus mainly existed in the forms of low
bioavailability of residul-P and NaOH-P. Total Fe
exhibited strong positive correlation with total
phosphorus, yielding correlation coefficient of
0.674. The percentage of available phosphorus was
negatively correlated with total iron and crystalline
iron oxides but was positively correlated with
amorphous iron oxides. These findings highlight the
importance of iron species in phosphorus transformation and provide basis for further understanding phosphorus transformation and improving
the phosphorus availability.

Phosphorus is a nutritional element that plays
an essential role in soil ecosystems [1-2].
Phosphorus in soils mainly originates from longterm application of fertilizer, and its concentration
is crucial [3-4]. Eutrophication in many lakes has
been caused by phosphorus runoff from soil [5-6].
Unfortunately, the total amount of phosphorus that
is present in soil has increased by at least 75% in
recent decades [7]. Researchers have demonstrated
that several physicochemical processes controlled
by the physical chemical properties of soils greatly
reduce phosphate bio- availability [8]. For example,
Golterman reported that phosphorus can be
adsorbed onto Fe-oxy-hydroxide surfaces and
precipitated by calcium ions [9]. Thus, phosphorus
added into soils can transform into different species
characterized by major differences in behavior,
mobility and bioavailability [10]. Phosphorus
transformation has been investigated extensively.
Previous studies have proven that phosphorus
transformation processes are closely related to soil
properties, such as pH, soil moisture, organic
carbon, cation exchange capacity (CEC) and texture
[11-12].
Iron oxides are important components of the
soils, acting as weathering products in tropical and
subtropical regions [13]. In these areas, phosphorus
deficiency is considered as one of the most serious
agronomic problems [14]. Iron oxides play an
important role in environmental biogeochemistry
[15], and they can significantly influence the transformation of phosphorus fraction [16]. Soluble P
may form insoluble hydroxyl phosphates or be
adsorbed onto secondary iron oxide surfaces
[17-18]. However, number of studies have obtained
contradictory results. For example, several

KEYWORDS:
Phosphorus fraction; Available phosphorus; Fe species;
Correlation; Xianning City
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FIGURE 1
Distribution of sample sites in Xianning City
south winds prevail in summer. The annual average
temperature is 16.8 ćwith extreme maximum and
minimum temperatures of 41.4 ć and -15.4 ć,
respectively.

researchers believed that the P adsorbed by iron
oxides can be released to increase the available
phosphorus under waterlogged conditions [9, 19]
whereas other researchers argued that the available
phosphorus would be decreased because the soluble
phosphorus would be adsorbed by the large surface
area of the amorphous iron oxide produced by
Fe(III) reduction under waterlogged conditions [18].
Therefore, further study is needed to elucidate the
relationship between phosphorus transformation
and the physical chemical properties, especially the
Fe species of the soils.
Xianning City, which is located in Hubei
Province, China, is a major area that grows rice in
136,000 hectares of paddy soil. However, few
reports have been made about the phosphorus
content in this region. This study aims to (1) investigate the status and distribution of different
phosphorus forms in the paddy soils of Xianning
City and (2) explore the relationship between phosphorus transformation and the soil properties, particularly the iron oxides.

Sample collection and chemical analysis. A
total of 29 representative samples were collected
from the paddy soils from different districts of
Xianning City during October of 2013. All samples
were collected at a depth ranging from 0 cm to 20
cm. At each sampling point, five subsamples were
collected by using "S" type of random samp- ling to
obtain a composite soil sample. The detailed
distribution of the sampling points is shown in
Figure 1. The soil samples were immediately taken
to the laboratory and air-dried by being placed in a
cool, dustless indoor environment with air circulation at ambient temperature (20 ć-25 ć). Plant
roots, stones, dead animal remains, rhizomes, and
leaves were manually removed from the soil
samples. After the air drying process was completed,
the soil samples were ground to pass through a 100
mesh nylon sieve and then stored in prepared
self-sealing plastic bags for use.
The pH values were determined by utilizing a
pH meter, with a soil-water ratio of 1:2.5 [13]. The
CEC of the soils was determined by using the
NH4OAc method at pH 7.0 [20]. Potassium dichromate oxidation-volumetric method was employed
to determine the organic matter content of the soils
[21]. Available Si content was extracted by sodium
acetate (pH= 4) and measured by colorimetric
determination using silicomolybdenum blue method
[22]. Available N content was determined by

MATERIALS AND METHODS
Study area. Xianning City is located in the
southeast region of Hubei Province, lying between
the east longitudes of 113.32'-114.58', and the north
latitudes of 29.02'-30.19',. The districts of Xianning
City include Jiayu, Tongcheng, Chongyang, Tongshan, Chibi, and Xian'an. The area is characterized
by a mild climate, with abundant rainfall and
sunshine. North winds prevail in winter whereas
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TABLE 1
Descriptive statistics of the physical and chemical properties of the sampled soils.
Soil properties
Number
Minimum Maximum Mean
SD
pH
29
4.72
7.4
5.78
0.707
CEC (cmol (+) 100g-1)
29
8.76
18.1
12.6
2.47
Available Si (g/Kg)
29
0.06
0.27
0.118
0.044
Organic matter (%)
29
1.69
4.52
3.21
0.640
Available N (mg/Kg)
29
69.2
230
160
37.9
Available K (mg/Kg)
29
42.2
188
94.9
38.1
Total Fe (g/Kg)
29
13.2
36.1
26.8
5.83
DCBFe (g/Kg)
29
4.7
24.9
13.8
6.36
Ox-Fe (g/Kg)
29
1.84
8.19
3.92
1.52
Pyr-Fe (g/Kg)
29
0.07
1.15
0.598
0.312
Amorphous Fe (g/Kg)
29
1.57
7.04
3.32
1.33
Crystalline Fe (g/Kg)
29
0.04
22.6
9.83
6.48
TABLE 2
Descriptive statistics of total phosphorus and available phosphorus of the sampled soils.
Soil properties
Number Minimum
Maximum
Mean
SD
Total P (mg/Kg)
29
85.0
1090
463
235
Available P
29
5.04
46.7
14.0
9.28
All the processes were conducted in triplicate,
applying the method proposed by Michrina et al
and the data were based on the air-dried soil mass.
with 0.01 M NaHCO3 as the extraction solution
The final results were denoted by the average of the
[23]. Available K was identified by employing the
triplicate experiments for each soil sample.
method proposed by Hosseinpur and Samavati [24].
Phosphorus fractionation test was performed
Statistical analysis. The data were analyzed
on the soils by using the method established by
using Microsoft Office, SPSS 13.0, and Origin Pro
Psenner with light modifications [25]. Phosphorus
8.0 software packages. SPSS 13.0 was utilized for
fractionation was divided into 1.0 mol/L NH4Cl to
the descriptive statistics of the physical chemical
extract the labile, loosely bounded or adsorbed P
properties, as well as the total phosphorus and
(NH4Cl-P), 0.11 mol/L NaHCO3/Na2S2O4 to extract
available phosphorus content of the sampled soils.
the oxidation reduction sensitive state P (BD-P), 0.1
Correlation analysis was performed by standard
mol/L NaOH to extract the (hydrated) metal oxide
statistical methods.
bound P (NaOH-P), and 0.5 mol/L HCl to extract
the carbonates, apatite bound P (HCl-P) and the
residual P termed as organic and refractory-P. The
RESULTS AND DISCUSSIONS
residual P was calculated by the difference of the
total P extracted by 3.5 mol/L HCl after calcination
at 450 Ԩ for 3 h with the four phosphorus species
Physical and chemical properties of the
[26]. Available phosphorus content in soils was
sampled soils of Xianning City. Table 1 summarextracted by NH4F [20]. Phosphorus content in the
izes the descriptive statistics of the selected phyextracting liquid was determined by colorimetric
sical chemical properties of the sampled soils. The
determi- nation using active phosphorus
results reveal considerable differences in the soil
molybdenum blue method with an appropriate
properties. The soil organic matter content of
amount of volume [27].
samples ranged from 1.69% to 4.52%, 96.5% of
Iron species were classified as Ox-Fe, Pyr-Fe,
which were above 2%, thereby suggesting that most
and DCB-Fe by using acidified ammonium oxalate
of the paddy soils of Xianning City were rich in
buffer solution at pH 3.0, alkaline sodium pyroorganic matter content. The pH levels of the
phosphate at pH 8.5 and citrate-bicarbonatecollected soils were mainly weak acidic and acidic,
dithionite solution respectively [8, 28]. Amorphous
with an average value of 5.78. The CEC values of
and crystalline iron were calculated by the differthe soils were mainly above 10 cmol (+) 100 g-1
ences between Ox-Fe and Pyr-Fe, and between
(accounting for 89.7%). Fe content of the samples
DCB-Fe and Ox-Fe, respectively [13]. Total Fe was
was high. The mean values for total iron, DCB-Fe,
extracted by digestion with HClO4 [21]. Fe content
Ox-Fe and Pyr-Fe were 26.8, 13.8, 3.92 and 0.598
in all extractions was determined by atomic abg/Kg respectively. Overall, total Fe˚DCB-Fe˚
sorption spectrophotometry [21].
Ox-Fe˚Pyr-Fe; this founding agrees with previous
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FIGURE 2
Percentages of phosphorus fractions in the 29 soils
ties [13].
Figure 2 shows the percentages of NH4Cl-P,
BD-P, NaOH-P, HCl-P, and residual-P in the 29 soil
samples collected from Xianning city. As shown,
NaOH-P and residual-P were the predominant
forms of soil phosphorus. The percentages of the
most biologically available form of NH4Cl-P were
very low, ranging from 0 to 2.6%; these findings are
comparable to previous results [10]. The mean
percentage value of BD-P was 7.89% which was
considered a potentially mobile pool of P represented the redox-sensitive P forms, and mainly
bound to Fe-hydroxides [29]. In comparison, the
remain-ning content of NaOH-P and residual-P
occupied a larger fraction compared with the front
fractions. NaOH-P represents the P absorbed on the
surface of the Fe and Al oxides [30] Its percentages
ranged from 7.68 to 49.4%, with an average 31.3%.
The large proportion of NaOH-P observed in this
study is consistent with previous results [31]. The
content and percentages of HCl-P, which reflected
the phosphorus fixed by calcium-containing minerals through complex processes that were sensitive
to low pH were very low compared with other
phosphorus fractions. The percentages of HCl-P
ranged from 0 to 30.4%, with an average of 5.80%.
The low content and percentages of HCl-P were due
to the low content of calcium in the tropical and
subtropical area [32]. The bioavailability of residual
-P, which represented the phosphorus tightly

work [28]. The average mean content of crystalline
Fe (9.83 g/Kg) was considerably higher than that of
amorphous (3.32g/Kg). In general, the values of the
physical and chemical properties suggested that the
sampled soils were characteristic of the soils in
tropical and subtropical areas.
Soil total P content, P fraction distribution
and available P content in samples. Table 2
provides the descriptive statistics of total P and
available P in the sampled soils. As shown, the
available phosphorus content in the paddy soils of
Xianning City is low, with a mean value of only
14.0 mg/Kg. The soil total P content reflecting the
phosphorus reserves in soils are high, ranging from
85 mg/Kg to 1090 mg/Kg, with a mean of 463
mg/Kg. The mean of total P in this area was lightly
lower than that in Isfahan Province, central Iran
[10], but considerably higher than that in the
western plains of Rajasthan [12]. The wide range of
soil total phosphorus might be due to the varying
amounts of phosphate fertilizer added to the soils.
Compared with other regions in south China, the
soils in this region had a high total P content.
However, the percentage of available phosphorus
was low, ranging from 1.36%-6.61%. Although the
total P content of this area was almost the same as
that of southeastern Nigeria, the available phosphorus content of the latter was substantially lower
probably because of the differences in soil proper2788
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pH, with a correlation coefficient of -0.463 (Figure
4(A)). The reason is that low pH could increase the
solubility of phosphate, thereby increasing the
bioavailability of phosphorus; by contrast, high pH
could decrease the solubility of phosphate, thereby
reducing the bioavailability of phosphorus. In
addition, a significantly negative correlation
(correlation coefficient of -0.401(Figure 4(B)) was
also observed between the percentage of available
phosphorus and the CEC reflecting the amount of
cations adsorbed by the soil colloids. The main
reason is that CEC is more closely associated with
clay and organic matter (positive correlation; data
not shown ), suggesting that high CEC values
implied high organic matter content, which can
combine a more amount of phosphorus and reduce
its bioavailability.

chelated by organic matter, was very low[12]. The
content and fractions of residual-P were
considerably higher, ranging from 22.7% to 88.9%,
with a mean of 55.4%. The large percentages of
residual-P were probably due to the high organic
matter content in the soils of this area (Table 1).
Overall, the collected data indicated that although
the total P content in this area was not low, the
available P was low. When the relationship between
total P content and the different fractions of
phosphorus was analyzed, total P was found to be
significantly and positively correlated with NaOH-P
and residual-P (Figure 3), having respective
coefficients of 0.819 and 0.904, thereby suggesting
that a large proportion of the total phosphorus was
comprised of NaOH-P and residual-P, which are
consistent with the results presented in Figure 2.
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FIGURE 4
Relationship of the percentage of available
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Role of different Fe species in phosphorus
transformation. Figure 5 presents the results of
correlation analysis between Fe species and phosphorus species. The results showed that different
species of iron oxide played different roles in
phosphorus transformation. The total content of
phosphorus in the soils was significantly positively
correlated with the total iron (p<0.0001) (Figure
5(A), with a correlation coefficient of 0.674,
suggesting that a greater Fe content in the soils
corresponds to a greater amount of phosphorus that
will be fixed by iron oxides. Consequently, less
phosphorus will become available for plants and
microorganisms. Jensen also found that when the
ratio of Fe/P is larger, less phosphorus is released
[33]. In addition, the percentage of available
phosphorus was significantly negatively correlated
with total iron (p=0.0157), with a correlation coefficient of -0.445. The reason is that the majority of
iron oxide is consisted of crystalline iron (Table1),
which was negatively correlated with the percenttage of available phosphorus (p=0.002) (Figure
5(D).
In addition, a strong positive correlation
(p=0.0457) was observed between the percentage of
available phosphorus and the amorphous iron oxide
in this study (Figure 5(C)). The above results are
consistent with the results reported by Ellison and
Brett who pointed out the P fixed by amorphous
iron oxides can be easily released through the
dissimilatory iron reduction driven by dissimilatory
iron reducing bacteria, including different types of
bacteria and archaea such as Shewanella [7],
Geobacter argillaceus [34], Archaeoglobus fulgidus
[35] whereas the P fixed by crystalline iron oxides
were difficult to release in these processes [36].
According to the previous findings, the
formation of amorphous iron oxides was mainly
due to the effect of Fe pumping which transported
the reduced-Fe from the reduction layer to the
oxidation layer [37] and phosphorus can be strongly
adsorbed by the formed amorphous iron oxides
because of its large surface area, thereby decreasing
its bioavailability. However, amorphous iron oxides
provided a greater surface area for the release of
phosphorus when dissimilatory iron reduction
occurred. Thus, on the basis of our results combined
with previous findings, we derived that the
decreasing amplitude of the available phosphorus
caused by adsorption of amorphous iron oxides
formed during Fe(III) reduction was not sufficiently
large to compensate for the increasing amplitude of
the available phosphorus that resulted from the
release of phosphorus by amorphous iron oxide
because of its large surface area.
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191-200.
[5] Maguire, R.O., Sims, J. T., Dentel, S.K.,
Coale, F.J., and Mah, J.T. (2001). Relationships
between biosolids treatment process and soil
phosphorus availability. Journal of Environmental Quality. 30(3):1023-1033.
[6] Withers, P.J..A., Jarvie, H.P. (2008). Delivery
and cycling of phosphorus in rivers: A review.
Science of total Environment. 400:379-395.
[7] Martins, G., Peixoto, L., Brito, A.G., Nogueria,
R. (2014). Phosphorus-iron interaction in sediments: can an electrode minimize phosphorus
release from sediments? Rev Environ Sci
Biotechnol. 13: 265-275.
[8] Celi, L., Cerli, C., Turner, B.L., Santoni, S.,
Bonifacio, E. (2013). Biogeochemical cycling
of soil phosphorus during natural revegetation
of Pinus sylvestris on disused sand quarries in
Northwestern Russia. Plant Soil. 367:121-134.
[9] Golterman, H.L. (1995). The role of the
ironhydroxide-phosphate-sulphide system in
the phosphate exchange between sediments
and overlying water. Hydrobiologia. 297(1):
43-54.
[10] Jalali, M., Matin, N.H. (2013). Soil phosphorus
forms and their variations in selected paddy
soils of Iran. Environ Monit Asses. 185:85578565.
[11] Bartoszek, L., Tomaszek J.A. (2016). The influence of selected variables on the phosphorus
content in bottom sediments of the solinamyczkowce complex of Dam reservoirs. Fresen.
Environ. Bull. 25(10):3859-3866.
[12] Devra, P., Yadav, S.R., Gulati, I.J. (2014).
Distribution of different phosphorus fractions
and their relationship with soil properties in
western plain of Rajasthan. Agropedology.
24(1):20-28.
[13] Igwe, C. A., Zarei, M., Stahr, K. (2010). Fe and
Al oxide distribution in some ultisols and inceptisols of southeastern Nigeria in relation to
soil total phosphorus. Environ Earth Sci. 60:
1103-1111.
[14] Wu, J.S., Huang, M., Xiao, H.A., Su, Y.R.,
Tong, C.L., Huang, D.Y., Syers, H.J. (2007).
Dynamics in microbial immobilization and
transformation of phosphorus in highly
weathered subtropical soil following organic
amendments. Plant Soil. 290:333-342.
[15] Li, Y.C., Yu, S., Strong, J., Wang, H.L. (2012).
Are the biogeochemical cycles of carbon.
Notrogen, sulfur, and phosphorus driven by the
³)eIII-FeII UHGR[ ZKHHO´ LQ G\QDPLF UHGR[
environments? J soils Sediments. 12:683-396
[16] Arlene, K.D., Walbridge, M.R. (2000). Al and
Fe biogeochemistry in a floodplain forest:
implications for P retention. Biogeochemistry.
51:1-32.

CONCLUSION
In summary, 29 soil samples were collected
from the subtropical areas of Xianning City, Hubei
Province, China, to investigate the status of
phosphorus in this region and the relationship
between phosphorus transformation and the physical chemical properties, particularly different Fe
species of the soils. The results showed that
although the total phosphorus content in the
samples were high, the percentages of available
phosphorus were low, ranging from 1.36% to 6.61%.
Phosphorus mainly existed in low bioavailability
forms of residul-P and NaOH-P. Total Fe had a
strong positive correlation with total phosphorus,
with a correlation coefficient 0.674. The percentage
of available phosphorus was negatively correlated
with total iron and crystalline iron oxides but was
positively correlated with amorphous iron oxides.
These findings highlight the importance of iron
species in phosphorus transformation and provide
the basis for understanding phosphorus transformation and improving phosphorus availability.
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ABSTRACT

practical application for two reasons. First, electron
(eí)/hole (hVB+) pairs, which are produced by
photoexciation, rapidly recombine when the
catalyst is illuminated by UV light; as a result, the
amount of ·OH and the efficiency of photocatalytic
reactions are reduced. Second, TiO2 photocatalytic
powder is easily washed away and it is unrecyclable.
Therefore, most of the studies about TiO2 have
concentrated on solving these two problems.
Coupling TiO2 with another semiconductor has
been proved an effective method to increase its
photocatalytic efficiency, demonstrated by SnO2TiO2 [6-7], V2O5-TiO2 [8], CdS-TiO2 [9], CeO2TiO2 [10] coupled semiconductors. To solve the
second problem, many researchers have immobilized the TiO2 catalyst onto different substrates,
such as glass fibers [11-12], porous glass beads [13],
and glass granules [14].
In this study, we fabricated a novel
photocatalyst, ZnO-TiO2/Fe3O4 through the method
of coprecipitation and sol-gel-calcination, which
can be easily recycled by magnetic field and
determined its photocatalytic efficiency by
degradation of pNA which is a representative
pollutant of high potential carcinogenic and mutagenic effects and resisted to conventional chemical
and biological processes.

Nano-sized composite photocatalyst ZnOTiO2/Fe3O4 was synthesized successfully by
coprecipitation and sol-gel-calcination technique.
The photocatalyst was characterized by X-ray
power diffraction and its photoactivity was tested
by the degradation of p-Nitroaniline (pNA). Results
of the L16 (45) orthogonal test indicated that the
optimal synthesis conditions for the photocatalyst
were as follows: the sol±gel aging time, 4 h; molar
ratio of nZnO: nTiO2: nFe3O4, 0.2:1:6; calcination
temperature, 500ć, and the catalyst calcination
time, 2 h. According to the results of the L9 (34)
orthogonal experiment, the optimal degradation
conditions for the degradation of pNA by the
composite photocatalyst were as follows: photocatalyst dosage, 3 g/L; pH=6; H2O2 dosage, 2.5
mL/L. Under these conditions, when the initial
concentration of pNA was 50 mg/L, the
photocatalytic degradation efficiency of pNA
solution irradiated by a 500 W high-pressure
mercury-vapor lamp for 2 h was 90.52%.

KEYWORDS:
ZnO-TiO2/Fe3O4; sol-gel-calcination method; orthogonal
test; p-Nitroaniline

MATERIALS AND METHODS
INTRODUCTION
Materials. Tetrabutyl titanate(C16H36O4Ti),
zinc acetate, ferrous sulfate, ferric chloride were
obtained from Beijing Zhonglian Chemical Reagent
Co., Ltd. Glacial acetic acid, acetylacetone, and
absolute ethanol were all of analytical grade. pNA
of analytical grade was purchased from Tianjin
Kermel Chemical Reagent Co., Ltd. Distilled water
was used for the preparation of all the solutions. All
other chemical reagents were of analytical purity.

The semiconductor photocatalysis technology
represented by nano-sized TiO2 has undergone
remarkable development in the past 20 years. It has
attracted the attention of many researchers because
of its desirable features, such as high catalytic
activity, low toxicity, high stability, and low cost,
which render it superior to conventional wastewater
treatment methods, and many favorable results have
been reported about its use [1-5]. However, this
technology has not been used in large-scale
2793
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and Ct is the concentration of pNA at certain
reaction time t (min).
The crystalline structure of the prepared
catalyst was analyzed by X-ray powder diffraction
(XRD) using a Bruker-D8-AXS diffractometer
system (Bruker Co., Germany). The average crystal
size was estimated using the Scherrer equation [13].
The BET surface area of the photocatalyst
synthesized was measured by nitrogen adsorption
(Micromeritics USA).

Synthesis of nano-sized Fe3O4. Magnetic
nanoparticles were synthesized by a chemical
coprecipitation technique. First, ferrous sulfate and
ferric chloride were each dissolved in deionized
water and the solutions were then mixed at a molar
ratio of 3:2 in a round bottom flask with a
mechanical stirrer. The mixture in the flask was
aerated with nitrogen for 20 min to expel oxygen.
Subsequently, a sodium hydroxide solution was
added into mixture while stirring untill the pH
reached 12. The mixture was kept constantly stirred
for 40 min and then aged for 40 min at 80ć. The
nanoparticles were separated under a magnetic field,
washed several times with distilled water untill the
pH became 7 and then dried in vacumm at 60Ԩ for
later use.
Synthesis of nano-sized ZnO-TiO2/Fe3O4
Composite photocatalyst. The prepared nano-sized
Fe3O4 was dispersed in ethanol by using ultrasonic
waves. Tetrabutyl titanate and zinc acetate were
then added. Subsequently, acetylacetone was added
while stirring. The mixture was stirred, settled and
aged for a certain time. After separating the
products under a magnetic field and washing them,
they were dried in vacuum oven at 80 Ԩ and then
calcined in a muffle furnace at different calcination
temperatures. The products were then cooled to
room temperature, and ZnO-TiO2/Fe3O4 samples
under different synthesis conditions were obtained.

FIGURE 1
Fluidized bed photoreactor. (1) blow vent; (2)
gas inlet; (3) discharge outlet; (4) aeration board;
(5) cooling water; (6) high pressure mercury
lamp; (7) water storage; (8) gas flow meter; (9)
quartz tube; (10) buffering bottle; (11) air
compressor

RESULTS AND DISCUSSION

Photocatalytic degradation. pNA was
degraded by the prepared photocatalyst in a
fluidized bed photoreactor (shown in Fig.1). The
effective volume of the device is 2500 mL and
2000 mL of pNA solution was added each time.
The light source used in the experiments was a 500
W high-pressure mercury-vapor lamp (Yaming
Company, China). And the reaction solutions were
cooled by a water flow to maintain the reaction
temperature. The airflow rate at the bottom of the
device was 0.2 m3/h. The pH levels of the solutions
were adjusted using dilute hydrochloric acid or
sodium hydroxide.

Optimization
of
the
synthesis
of
ZnO-TiO2/Fe3O4 photocatalyst. Four vital parameters, namely, calcination temperature, molar ratio
of nZnO:nTiO2:nFe3O4, the aging time and catalyst
calcination time, can significantly affect the activity
of the synthesized photocatalyst. An L16 (45)
orthogonal experiment was conducted to compare
the relative importance of the four parameters in the
synthesis of the photocatalyst and optimize the
catalyst synthesis conditions. pNA solutions (50
mg/L) were illuminated by the 500 W highpressure mercury-vapor lamp for 3 h under different
conditions according to orthogonal combinations.
The results are presented in Table 1. The BET
surface area of the photocatalyst synthesized under
different conditions is also listed in the table.
The results showed that the four factors could
be ordered in terms of their relative importance as
follows: calcination temperature ˚ molar ratio of
nZnO˖nTiO2˖nFe3O4 ˚ catalyst calcination time ˚
aging time. The optimal synthesis conditions according to the orthogonal test were as follows: the
sol±gel aging time, 4 h; molar ratio of nZnO˖nTiO2˖
nFe3O4, 0.2:1:6; calcination temperature, 500ć, and
catalyst calcination time, 2 h. The ZnO-TiO2/Fe3O4

Analytical methods. The withdrawn samples
at given reaction time intervals were filtered
through a  ȝP ILOWHU membrane and pNA was
measured by spectrophotometry with Ȝmax = 380
nm..
The efficiency of the photocatalytic
degradation of pNA by the prepared photocatalyst
is defined as follows:
pNA photocatalytic degradation efficiency (%) =
C0  C t ×100%
C0

where C0 is the initial concentration of pNA,
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photocatalyst was synthesized according to the
TABLE 1
Results of the L16 (45) orthogonal test
Experiment
number

Calcination
temperature (Ԩ)

Molar
ratio(nZnO:nTiO2:nFe3O4)

Aging
time (h)

Calcination
time (h)

BET surface
area (m2/g)

Degradation
efficiency (%)

1
2

300
300

0.05:1:5
0.1:1:6

2
3

1.5
2

237
259

60.18
67.31

3

300

0.2:1:6

4

2.5

262

68.47

4
5

300
400

0.3:1:5
0.05:1:5

5
3

3
2.5

265
290

65.52
68.72

6

400

0.1:1:6

2

3

312

69.05

7

400

0.2:1:6

5

1.5

324

78.56

8

400

0.3:1:5

4

2

318

72.14

9

500

0.05:1:5

4

3

354

80.52

10

500

0.1:1:6

5

2.5

372

77.84

11

500

0.2:1:6

2

2

395

85.62

12

500

0.3:1:5

3

1.5

382

82.16

13

600

0.05:1:5

5

2

388

79.53

14

600

0.1:1:6

4

1.5

378

80.61

15

600

0.2:1:6

3

3

382

82.08

16

600

0.3:1:5

2

2.5

371

75.16

k1

65.37

72.24

72.5

75.38

k2

72.12

73.7

75.07

76.15

k3

81.54

78.68

75.44

72.55

k4

79.35

73.75

75.36

74.29

Range
Optimization

16.17
500

6.44
0.2:1:6

2.94
4

3.6
2

FIGURE 2
XRD pattern of the ZnO-TiO2/Fe3O4 composite photocatalyst.
synthesized under the optimal synthesis conditions
385 m2/g.
XRD of
ZnO-TiO2/Fe3O4 composite
photocatalyst. XRD pattern of the prepared
ZnO-TiO2/Fe3O4 composite photocatalyst is shown
in Fig.2. The results showed that the TiO2 in the
photocatalyst had a pure anatase structure with all
the major peaks (marked with 1, 2, 3, and 4)

previous procedure under the optimal conditions.
The prepared catalyst was then used to degrade the
pNA solutions. All other parameters were the same
as those in the orthogonal test. After 3 h
degradation, the degradation efficiency of pNA was
86.21ˁ, verifying the correctness of the conclusion
obtained from the orthogonal experiment. The
corresponding surface area of the photocatalyst
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lamp for 2 h. The results are presented in Table 2.
The results showed that the three factors could
be ordered in terms of their relative importance as
follows: catalyst dosage ˚ wastewater pH˚H2O2
dosage. The optimal conditions for the degradation
of pNA according to the orthogonal test results
were as follows: the dosage of the catalyst, 3 g/L;
the pH of the wastewater, 6; and the amount of
H2O2 2.5 mL/L. We conducted the degradation
experiment under the optimal conditions. The
resulting photocatalytic degradation efficiency of
pNA was 90.52 % which validated the conclusion
obtained from the orthogonal test.

matching the standard pattern of bulk anatase
(JCPDS 21-1272) well. The peaks marked with 5, 6,
7, and 8 represented the peaks of ZnO, whereas the
peaks marked with 9, 10, and 11 represented the
peaks of Fe3O4. On the basis of the Scherrer
formula, the crystallite sizes of TiO2, ZnO, and
Fe3O4 were 6-12, 15-20, 12-17 nm, respectively. No
other peaks indicated that the three components
were united only at the molecular level, without
producing new materials.
TABLE 2
Results of the L9 (34) orthogonal test
Experiment

VH2O2

mc

Degradation

(mL/L)

(g/L)

efficiency(%)

pH
number
1

3

1.5

2

70.63

2

3

2.5

3

78.95

3

3

3.5

4

68.46

4

6

1.5

3

89.73

5

6

2.5

4

80.19

6

6

3.5

2

74.23

7

9

1.5

4

75.94

8

9

2.5

2

79.46

9

9

3.5

3

84.75

k1

72.68

78.77

74.77

k2

81.38

79.53

84.48

k3

80.05

75.81

74.86

Range

8.7

3.72

9.71

Optimization

6

2.5

3

CONCLUSION
Novel nano-sized photocatalyst ZnO-TiO2/
Fe3O4 was synthesized successfully by coprecipitation and sol-gel-calcination. The photocatalytic
degradation of pNA wastewater by the photocatalyst was investigated in this article. The main
conclusions are as follows:
(1) The optimal synthesis conditions obtained
from the L16 (45) orthogonal experiment were as
follows: the sol±gel ageing time, 4h; molar ratio of
nZnO˖nTiO2˖nFe3O4, 0.2:1:6; calcination temperature,
500ć, and calcination time, 2h. The XRD results
test showed that the crystalline phase of TiO2 in the
ZnO-TiO2/Fe3O4 was anatase. The crystallite sizes
calculated by the Scherrer formula of TiO2, ZnO
and Fe3O4 were 6-12, 15-20, and 12-17nm,
respectively.
(2) The L9 (34) orthogonal test results showed
that the optimal conditions for the degradation of
pNA by the composite photocatalyst were as
follows: photocatalyst dosage, 3 g/L, pH=7, and
H2O2 dosage, 2.5 mL/L. Under these conditions,
when the initial concentration of pNA was 50 mg/L,
the photocatalytic degradation efficiency of pNA
irradiated by the 500 W high-pressure mercuryvapour lamp for 2 h was 90.52%.

Optimization of the conditions for pNA
degradation. Wastewater pH, the dosage of H2O2
(VH2O2) and catalyst dosage (mc) are three important
parameters that influence the efficiency of photocatalytic degradation. The pH of the wastewater has
a remarkable influence on the surface charge and
energy level position of the semiconductor [15].
Adding H2O2 may promote photocatalytic reaction;
however, H2O2 can also become thegOH scavenging agent when its concentration is excessive,
thereby decreasing the photocatalytic degradation
efficiency [16]. In addition, the photocatalytic degradation efficiency increases with an increase in
the amount of the catalyst. However, when the
amount of the catalyst surpasses a certain value, it
will adversely affect the solution light-admitting
quality of the solution, subsequently decreasing the
photocatalytic degradation efficiency. To optimize
the pNA degradation conditions, we conducted an
L9 (34) orthogonal experiment on the photocatalytic
degradation of the pNA solution (50 mg/L) illuminated by the 500 W high-pressure mercury-vapour
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metals. Plant species such as the Zn/Cd/Ni hyperaccumulator Thlaspi caerulescens which has the
unique ability to hyperaccumulate multiple heavy
metals provide good materials to investigate the
mechanism of hyperaccumulation.
Several studies have indicated that interactions
between the uptake of Cd and Zn in plants can be
synergistic or antagonistic. Zn-induced decreased
Cd uptake has been found in T. caerulescens ecotypes at low Cd level in hydroponics [7]. Similarly,
in three populations of T. caerulescens capable of
Cd and Ni hyperaccumulation, there were one-side
or mutual antagonistic interactions between Cd/Zn,
Cd/Ni, and Ni/Zn [8]. However, in other studies,
shoot Zn and Cd accumulations have been observed
positively correlated in T. caerulescens and Arabidopsis halleri which suggest that Zn and Cd uptake
are genetically correlated [9-10]. However, considering the wide distribution of hyperaccumulation
throughout the plant kingdom, it is unlikely that the
same mechanism underlies the phenomenon in all
species (Maestri et al., 2010)[11]. What the interaction between Zn and Cd uptake in other hyperaccumulators is still unclear.
As non-redox-active metals, Zn and Cd cannot
generate free radicals directly in single-electron
reactions. However, a high Cd or Zn accumulation
could indirectly trigger oxidative stress by arising
an imbalance of production and removal of reaction
oxygen species (ROS), including superoxide radicals (O2·-), hydrogen peroxide (H2O2) and hydroxyl
radicals [12-13]. Among all ROS, only H2O2 is
relatively long living molecule that can diffuse
some distance from its site of production and can
penetrate the membrane structures [14]. The cell
organelles of the plants have developed certain
antioxidative response to combat the effect of ROS,
generated due to oxidative stress [15]. The ROS
detoxification process in plants is essential for the
protection of plant cells and their organelles against
the toxic effect of these species [16-17].
Various antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), guaiacol
peroxidase (GPX), ascorbate peroxidase (APX),

ABSTRACT
This study was set up to investigate interactions between Zn and Cd accumulation, and the
potential defensive role of antioxidative enzymes in
polymetallic hyperaccumulator Arabis paniculata
Franch. Plants were exposed to 100, 2000 ȝ0 =Q
or 10, ȝ0&Gor the co-exposure of Zn and Cd
in hydroponics for 10 d. Results showed that A.
paniculata exhibited distinguished high accumulation and tolerance to both of Zn and Cd without
biomass reduction in all treatments compared to the
control. The dose-dependent and organ-specific of
Zn and Cd accumulation in plants indicated that
there might be common transportation or metalspecific pathway in A. paniculata. Besides, H2O2
accumulation was kept at a relative consistent and
tolerable level where plant growth was not inhibited
under Zn and Cd stress. While superoxide dismutase (SOD), catalase (CAT) and guaiacol peroxidase
(GPX) did not respond to H2O2 savaging in plants,
ascorbate peroxidase (APX) made major contribution to maintain the H2O2 homeostasis in A. paniculata.

KEYWORDS:
zinc; cadmium; antioxidative enzymes; hyperaccumulator;
Arabis paniculata

INTRODUCTION
It is well known that zinc and cadmium are
two accompanied heavy metals in the environment
[1,2]. Though Zn is an important component of
many vital enzymes, a structural stabilizer for proteins and membrane, excessive Zn could lead toxicity to plants including nutrient imbalance, growth
inhibition and oxidative stress [3-5]. Unlike Zn, Cd
is extremely toxic to plants, particularly causing
chlorosis and growth reduction [6]. However, a
class of rare plants called hyperaccumulators could
accumulate exceptional concentrations of heavy
2798
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UDJHOLJKWLQWHQVLW\RIȝPROP-2 s-1 was supplied
by an assembly of fluorescent lamps. Three-month
old seedlings were transferred to modified 20%
Hoagland solution to grow hydroponically. The
solution pH was maintained at 5.8 ± 0.2 with 2 mM
MES-KOH (2- morpholinoethanesulphonic acid).
The nutrient solution was renewed every week and
aerated continuously.
After one month acclimation, plants were
exposed to nutrient solution supplemented with
speciILF FRQFHQWUDWLRQV RI =Q  RU  ȝ0 
DQG RU &G  RU  ȝ0 according to the previous study [22]. Therefore, there were 9 treatments
LQWRWDOLQFOXGLQJFRQWUROȝ0=Qȝ0=Q
 ȝ0 &G  ȝ0 &G  ȝ0 =Q+  ȝ0 &G
ȝ0=Q+ȝ0&Gȝ0=Q+ ȝ0&G
DQGȝ0=Q+ȝ0&G7KHUHZHUHSODQWV
per pot with 3 replicates. The solu- tions were
aerated continuously for 10 d. Plant tissues for
measurements of H2O2 levels and enz- yme
activities were weighed and immediately fro- zen in
liquid nitrogen and then stored at ±80°C until used.

and glutathione reductase (GR) have the potential to
counteract the effect of ROS [18]. These antioxidants can play a protective role in eliminating
ROS to minimize oxidative damage in plants
exposed to environmental stress [4]. The response
of antioxidant enzymes helps to measure the tolerance potential of a plant species towards oxidative stress [15]. In the case of hyperaccumulators,
plants appear to possess more effective defense
system in against of metal-induced oxidative stress
[19]. Boominathan and Doran studied that when
exposure to 20 ppm (178 ȝM) Cd, growth was
maintained in T. caerulescens, and H2O2 concentrations were controlled to low, nontoxic levels in
association with a strong catalase induction response [20]. In contrast, Cd exposure prevented the
growth of N. tabacum roots and increased hydrogen
peroxide (H2O2) levels by a factor of five relative to
cultures without Cd [20]. However, how the antioxidants behave in hyperaccumulators exposed to
both Zn and Cd is not clear yet.
The involvement of several antioxidative
enzymes in preventing Cd-induced oxidative stress
by scavenging free radicals and reactive oxygen
species has been reported in our previous report. It
has been expected that metal-preference patterns
can be observed under Zn/Cd co-exposure due to
the interaction between metals, which is often found
in natural habitat [8]. Moreover, investigation
focused on the adaptive physiological and biochemical mechanism of the interaction between Zn
and Cd in hyperaccumulators is relatively scanty.
Moreover, understanding the responses of hyperaccumulators to both of Zn and Cd could elucidate
the potential role of Zn/Cd in metabolic pathway.
Hence, the present study aimed to investigate the
interaction between Zn and Cd accumulation and
the consequent antioxidative response in Arabis
paniculata Franch., characterized as a Zn, Cd and
Pb polymetallic hyperaccumulator with an average
level of 2300mg kg-1 dry weight (DW) Pb, 20,800
mg kg-1 Zn and 434mg kg-1 Cd in the shoots of the
wild population, and their translocation factors (TFs)
all above one in the field survey [21]. Studying the
antioxidant defense system (ADS) in a plant may
provide useful information regarding its phytoremediaton potential [17].

Determination of Zn and Cd. After desorbing heavy metals binding on plant roots with 20
mM EDTA-Na2 for 15 min, plant tissues were washed in tap water and deionized water twice, respectively. Plant samples for Zn and Cd determi- nation
were dried at 70ºC for 3 d and digested using HNO 3
and HClO4 (v/v, 5:1). The concentrations of Zn and
Cd were determined by ICP-OES (Perkin- Elmer
Instruments, Optima 5300 DV). The data of Zn and
Cd concentration in plants exposed to 100, 2000
ȝ0 Zn and 10, 200 ȝ0 Cd already published [22].
Analysis of H2O2. Plant tissues (0.2 g) were
homogenized with liquid nitrogen and then
extracted in 2 ml of 0.1% (w/v) trichloroacetic acid
(TCA) solution. The homogenate was centrifuged at
20,000 g for 15 min at 4ºC. The supernatant was
collected for H2O2 analysis. Hydrogen peroxide
levels were determinate according to [23]. 1 ml of
the supernatant was added with the equal volume of
10 mM potassium phosphate buffer (pH 7.0) and 1
M KI respectively. The absorbance of supernatant
was recorded at 390 nm. The content of plant H 2O2
was calibrated by a standard curve.
Enzymes activities assay. For the measurement of enzymes activities, plant tissue (0.2 g) was
homogenized in liquid nitrogen, and then extracted
with 50 mM potassium phosphate buffer (pH 7.0)
containing 3% polyvynylpyrrolidone and 1 mM
PMSF. The supernatant was collected after centrifuging at 20,000 g for 15 min at 4ºC. The protein
concentration in the supernatant was determined
according to the method of Bradford [24] with bovine serum albumin (BSA) fraction č as a standard. Enzyme activities were expressed as nkatal
mg-1 protein.

MATERIALS AND METHODS
Plant material culture and treatments.
Seeds of A. paniculata were germinated in the mixture of sand and vermiculate with modified 20%
+RDJODQG¶VVROXWLRQLQa controlled room with 25ºC
and relative humidity of 60%. The modified 20%
+RDJODQG¶V VROXWLRQ FRQWDLQHG LQ ȝ0   &D
(NO3)2, 422 MgSO4·7H2O, 1,300 KNO3, 50 NH4
HPO4, 9 H3BO3, 0.5 MnSO4·H2O, 0.08 CuSO4
5H2O, 0.15 ZnSO4·7H2O, 0.02 (NH4)Mo7 M·4H2O,
and 25 Fe-EDTA. A 10 h light period with an ave2799
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TABLE 1
F-values and significance levels of two-way ANOVA for Zn and Cd accumulation,
HQ]\PH¶s activity in Zn-treated or Cd-treated A. paniculata for 10 d.
p

0
0.077
0.047

250.81***
0.89
0.239

0
0.424
0.789

0.23
303.99***
0.018

0.797
0
0.982

13.31***
259.81***
8.44**

0
0
0.002

0.161
0.914
2.89*

0.852
0.411
0.041

0.552
0.782
7.141**

0.582
0.467
0

Zn

2.87

0.069

3.88*

0.034

Cd

1.21

0.311

0.42

0.662

1.88

0.134

0.49

0.742

12.96***
6.85**
3.51*

0
0.005
0.022

2.85
5.58*
0.372

0.085
0.013
0.826

14.66***
9.65***
2.55

0
0.001
0.073

10.91***
0.293
3.65*

0.001
0.749
0.023

0.327
0.806
7.04***

0.725
0.46
0.001

5.32*
0.076
0.961

0.015
0.927
0.451

Zn accumulation
Zn
Cd
Zn × Cd
Cd accumulation
Zn
Cd
Zn × Cd
H2O2 accumulation
Zn
Cd
Zn × Cd
SOD activity

Zn × Cd
CAT activity
Zn
Cd
Zn × Cd
APX activity
Zn
Cd
Zn × Cd
GPX activity
Zn
Cd
Zn × Cd

Shoots
F

286.83***
2.86
3.47*



Roots
F

Analyses of variance

p





*** p<0.001
** p<0.01
* p<0.05

FIGURE 1 A, B, C, D
The effect of additional Cd or Zn on fresh weight of Zn-treated or Cd-WUHDWHG$SDQLFXODWD D ȝ0
=Q E ȝ0=Q F ȝ0&GDQG G ȝ0&GWUHDWPHQWV.
Note: Bars with different letters in a given column indicate significant difference between treatments at p
< 0.05. The bars in the following figures represent the same meanings, and will not be listed anymore.
2800
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Cd to A. Paniculata had no significant impact on
plant biomass compared to the control, although
plants accumulated up to 14716 mg kg-1 Zn and
2383 mg kg-1 Cd in shoots and 11602 mg kg-1 Zn
and 7145 mg kg-1 Cd in roots, respectively (Fig. 1b
and Fig. 1d). This observation was consistent with
Tang et al.¶s study [21] that in the hydroponic
experiment, A. paniculata was capable of accumulating greater than 1000 mg kg-1 Pb, 10,000 mg kg-1
Zn and 1 mg kg-1&GLQWKHVKRRWVLQWKHȝ03E
ȝ0=QDQGȝ0&GWUHDWPHQWUHVSHFWLYHO\LQ
which the plants grew healthy and higher biomass
was obtained compared to the control.
Although a detailed and precise analysis of
interactions among metals requires short-term
kinetics analysis, preferably with radio tracer
technology, it is still possible to provide plausible
hypothesis base on circumstantial evidence. Our
data showed that the Zn/Cd interaction in shoots
and roots could be dose-dependent which may be
mediated by different mechanisms with distinct
metal-specificities. The repression of Cd-induced
Zn uptake at ȝ0=QOHYHO )LJD PD\EHGXH
to an impairment of the low affinity Zn transporter
[29] and/or the cation diffusion facilitator (CDF) by
Cd [30]/LNHZLVHȝ0=Qreduced Cd uptake
in both shoots and roots exposed to ȝ0&G )LJ
1c). This suppression in Cd uptake could be due to
the increased Zn accumulation which induced
strong competition between Zn and Cd [31]. Such
interactions rely on the high affinity of divalent
cations for the fixed negative charges in the cell
wall [32]. Besides, phytochelatins (PCs) sequestration would be another possible reason that high
loading of Zn inhibited Cd-uptake or excessive Cd
reduced Zn accumulation in roots of A. paniculata
under low Zn exposure. It is well known that PCs
are essential for the detoxification of heavy metals
(HMs), such as Cd and Zn [33]. Besides, Cd is a
potent inducer of PCs with the priority to form PCsCd complex. Our previous works have demonstrated that Cd induced abundant phytochelatins
(PCs) and other non-protein thiols in roots of A.
paniculata, while only limited PC4 was detected in
Zn treatments [34-35]. Therefore, Cd-induced PCs
might sequestrate Zn in roots which could influence
the Zn or Cd uptake in roots of A. paniculata in this
study. However, Zn-inhibited Cd accumulation was
QRWREVHUYHGLQVKRRWVDWKLJKOHYHORIȝ0&G,
indicating that a highly Cd-specific high-affinity
uptake system might be involved in shoots
accounting for a major part of the Cd accumulation
at high Zn and Cd levels. Physiological studies on T.
caerulescens have provided strong evidence that
multiple uptake systems including one with a strong
preference for Zn over Cd, and another one with a
preference for Cd over Zn are involved in the root
uptake of Cd and Zn [36].

Total superoxide dismutase (SOD;EC1.15.1.1)
activity was measured by measuring its ability
tinhibit the photochemical reduction of nitrobluetetrazolium (NTB) according to the method of [25].
One unit of SOD activity is the amount of protein
required to inhibit 50% initial reduction of NBT
under light.
Catalase (CAT; EC 1.11.1.6) activity was measured based on the decrease of absorbance at 240
nm due to the degradation of H2O2 [26]. The molar
extinction coefficient of H2O2 at 240 nm was taken
as 39.4 mM-1 cm-1.
Ascorbate peroxidase (APX; EC 1.11.1.11)
activity was measured according to the method
from Nakano and Asada [27] with an extinct
coefficient of 2.8 mM-1 cm-1. The activity of APX
was monitored at 290 nm by the reduction of H 2O2.
Guaiacol peroxidase (GPX; EC 1.11.1.7) activity was measured according to the method of Mazhoudi et al. [28] using an extinct coefficient of 26.6
mM-1 cm-1. The increase of absorbance was monitored at 470 nm due to the oxidation of guaiacol.
Statistical analyses. Statistical analyses were
performed using the SPSS 13.0 statistical package.
Data were tested at significant level by one-way (Zn
or Cd) and two-way (Zn×Cd) ANOVA. The subsequent multiple comparisons among means were
examined based on the least significance difference
(LSD) test.

RESULTS AND DISCUSSION
Plant biomass and Zn/ Cd accumulation. In
our study, compared to the control, different doses
of Zn or Cd did not reduce A. paniculata biomass,
and even the higher fresh weight was observed
XQGHUȝ0 =QDQGȝ0&GH[SRVXUH Fig. 1a
and Fig.1c). The addition of Cd had no significant
effect on Zn accumulation in plant shoots under 100
ȝ0=QWUHDWPHQW p < 0.05, Fig. 1a). In the case of
ȝ0 =QWUHDWPHQW the presence of Cd did not
affect the Zn accumulation in both shoots and roots
with one exception (Fig. 1b). Two-way ANOVA
analysis also confirmed that Cd had no significant
impact on Zn accumulation in both shoots and roots
of A. paniculata (Table 1).
In contrast, responses of Zn addition to Cd
accumulation in plants were quite different.
Zn-inhibited Cd accumulation in roots was found at
the highest Zn level at  ȝ0 )LJ c and Fig.
1G  2Q WKH RWKHU KDQG  ȝ0 =Q DGGLWLRQ KDG
no effect on Cd accumulation in shoots with 250
ȝ0&G$OWKRXJK=QRU=Qî&GOHYHOGLGQRWVKRZ
any obvious effect on Cd accumulation in shoots,
they did affect Cd uptake in roots significantly (p <
0.01, Table 1).
Arabis paniculata had high tolerance to Zn
and Cd. The exposure of  ȝ0 =Q RU  ȝ0

The responses of H2O2 to Zn and Cd. Heavy
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FIGURE 2 A, B, C, D
The effect of additional Cd or Zn on Zn or Cd concentration in Zn-treated or Cd-treated A. paniculata,
UHVSHFWLYHO\ D ȝ0=Q E ȝ0=Q F ȝ0&GDQG G ȝ0&GWUHDWPHQWV.
to A. paniculata, which pointed the loss of
membrane integrity in roots and leaves and
attributed to the increased acclimatization of Zn in
plant tissues.

metal toxicity in plants is known to cause oxidative
stress. And oxidative stress leads to reduced
metabolism and greater accumulation of H2O2 in
plant tissues [15]. In present study, additional 250
ȝ0 &G WR =Q WUHDWPHQWV RU  ȝ0 =Q WR &G
treatments decreased H2O2 levels in plant roots
H[FHSW IRU WKH  ȝ0 =Q+ ȝ0 &G WUHDWPHQW
(p<0.05, Fig. 2). Besides, two-way ANOVA showed
that Zn×Cd had significant impact on H2O2 accumulation (Table 1). Nevertheless, the accumulation
of H2O2 in both of shoots and roots were not
affected by single Zn or Cd treatments significantly
(Table 1).
The direct evidence of HMs-induced plant
oxidative stress is an enhanced level of H2O2
production [37]. It is wildly accepted that H2O2 can
play a role as signal molecule in triggering the
induction of defense systems against abiotic stress
[38]. Single Zn or Cd treatments increased plant
H2O2 accumulation except for the one in roots at
ȝ0=Q7KLVREVHUYDWLRQ ZDVFRQVLVWHQW ZLWK
the phenomenon that metal-induced oxidative stress
occurs in hyperaccumulator tissue even though
growth was unaffected by the presence of HMs [20].
Similar results have also been reported in other
hyperaccumulators, such as T. caerulescens, Pteris
vittata and Sedum alfredii [39-42]. Other study has
showed that Zn could protect plants against reactive
oxygen species induced by Cd [43]. In present study,
the addition of Zn alleviated Cd-induced H2O2 level
in A. paniculata, except for the treatment with 2000
ȝ0=QDQGȝ0&G )LJFDQG Fig. 2d). This
may be due to that when exposure to the highest
concentration, Zn could also induce oxidative stress

The response of antioxidative enzymes to
Zn and Cd. The antioxidative enzymes such as
GPX, CAT and SOD play an important role in
controlling the level of ROS in plant [13, 21,
44].The activities of four antioxidative enzymes
(SOD, CAT, APX and GPX) were analyzed in this
study (Fig. 3 and Fig. 4). Overall, treatments of Zn,
Cd and Zn×Cd had more significant influence on
CAT and APX activity than on that of SOD and
GPX (Table 1). CAT activity was more sensitive to
heavy metal treatments in shoots than in roots (Fig.
3 and Fig. 4). Zinc or Cd levels decreased the
activity of CAT in shoots, but had no impact on that
of in roots with one exception (Fig. 3 and Fig. 4).
In contrast to the response of Zn and Cd
exposure to CAT activity, APX activity in shoots
was stimulated by Zn and Cd apparently (Fig. 3).
As indicated in the interaction of Zn×Cd, Zn
addition increased roots APX activity significantly
(Table 1).
Antioxidative enzymes are considered as the
first defense to xenobiotic stress in plants. Among
four enzymes (SOD, CAT, APX and GPX) activities
we tested, only CAT and APX were significantly
affected by HMs treatments, in which CAT was
decreased and APX was stimulated in shoots (Fig.
3). However, in Atriplex halimus L., a Cd
hyperaccumulator, GPX, CAT and SOD activities
were significantly affected by Cd, probably due to
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FIGURE 3 A, B, C, D
The effect of additional Cd or Zn on H 2O2 in Zn-treated or Cd-treated A. paniculata, respectively.
D ȝ0=Q E ȝ0=Q F ȝ0&GDQG G ȝ0&GWUHDWPHQWV.

FIGURE 4 A, B, C, D
The effect of additional Cd or Zn on antioxidative enzymes activities in shoots of Zn-treated or Cd-treated
A. paniculata, rHVSHFWLYHO\ D ȝ0=Q E  ȝ0=Q F ȝ0&GDQG G ȝ0&GWUHDWPHQWV.
Besides, APX plays important role in scavenging of
H2O2 in some particular parts of cell like
chloroplasts and mitochondria [14]. In our study,
co-exposure of high Zn or Cd level in plants
inducing lower root H2O2 accumulation was in
associated with increased APX response. In
addition, by applying proteomic approach
(two-dimensional electrophoresis and mass
spectrometry) we also found that APX expression
was significantly elevated by Cd at protein level in

accumulation of H2O2 [6].
The reduction of CAT activity might be due to
the induction of peroxisomal proteases which could
degrade CAT or the impairment of the CAT
regulation pathway [45]. It is well known that the
glutathione-ascorbate cycle is essential in removing
H2O2 and it is localized in various subcellular
compartments [46].
The activities of APX and GR are crucial in
the operation of glutathione-ascorbate cycle [47].
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sphere. Vol. 86, pp. 867±874.
[4] Li, X.N., Yang, Y.L., Jia, L.Y., Chen, H.J., Wei,
X. (2013). Zinc-induced oxidative damage,
antioxidant enzyme response and proline
metabolism in roots and leaves of wheat plants.
Ecotox. Environ. Safe. Vol. 89: pp. 150±157.
[5] 7RGHVFKLQL 9 /LQJXD * '¶$JRVWLQR *
Carniato, F., Roccotiello, E., Berta, G. (2011).
Effects of high zinc concentration on poplar
leaves: a morphological and biochemical study.
Environ. Exp. Bot. Vol. 71, pp. 50±56.
[6] Zemanová,V., Pavlík, M., Pavlíková, D.,
HnilLþND ) 9RQGUiþNRYi 6   5HVSRQses to Cd stress in two noccaea species
(Noccaea praecox and Noccaea caerulescens)
originating from two contaminated sites in
0HåLFD 6ORYHQLD DQG 5HGOVFKODJ $XVWULD
Arch. Environ. Contam. Toxicol. Vol. 70, pp.
464-474
[7] Lombi, E., Zhao, F.J., McGrath, S.P., Young, S.,
Sacchi, A. (2001). Physiological evidence for a
high-affinity cadmium transporter highly
expressed in a Thlaspi caerulescens ecotype.
New Phytol. Vol. 149, pp. 53-60.
[8] Assunção, A., Bleeker, P., Ten Bookum, W.M.,
Vooijs, R., Schat, H. (2008). Intraspecific variation of metal preference patterns for hyperaccumulation in Thlaspi caerulescens: evidence from binary metal exposures. Plant Soil.
Vol. 303, pp.289-299.
[9] Bert, V., Meerts, P., Saumitou-Laprade, P., Salis,
P., Gruber, W., Verbruggen, N. (2003). Genetic
basis of Cd tolerance and hyperaccumulation in
Arabidopsis halleri. Plant Soil. Vol. 249, pp.
9-18.
[10] Papoyan, A., Pineros, M., Kochian, L.V. (2007).
Plant Cd2+ and Zn2+ status effects on root and
shoot heavy metal accumulation in Thlaspi
caerulescens. New Phytol. Vol. 175, pp. 51-58.
[11] Maestri, E., Marmiroli, M., Visioli, G.,
Marmironli, N. (2010). Metal tolerance and
hyperaccumulation: costs and trade-offs between traits and environment. Environ. Exp. Bot.
Vol. 68, pp. 1-13.
[12] Israr, M., Jewell, A., Kumar, D., Sahi, S.V.
(2011). Interactive effects of lead, copper,
nickel and zinc on growth, metal uptake and
antioxidative metabolism of Sesbania drummondii. J. Hazard. Mater. Vol. 186, pp.
1520±1526.
[13] Parlak, K.U., Yilmaz, D.D. (2013). Ecophysiologicaltoleranceof Lemna gibba L.
exposed to cadmium. Ecotox. Environ. Safe.
Vol. 91, pp. 79-85.
[14] Dat, J., Vandenabeele, S., Vranová, E., Van
Montagu, M., Inzé, D., Van Breusegem, F.
(2000). Dual action of the active oxygen
species during plant stress responses. Cell. Mol.
Life Sci. Vol. 57, pp. 779-795.
[15] Sidhu, G.P.S., Singh, H.P., Batish, D.R., Kohli,

A. paniculata [22].The result indicated that APX
may function to remove H2O2 to alleviate Zn and
Cd stress in A. paniculata. This is similar to other
studies in which APX plays a crucial role in
Cd-induced oxidative stress and Cd tolerance
[48-49]. A higher HMs-induced APX activity than
other enzymes observed in this study suggested that
APX might be an important antioxidative enzyme
to alleviate Zn/Cd induced oxidative stress in A.
paniculata.

CONCLUSION
Overall, our study indicated that A. paniculata
possessed distinguished high accumulation and
tolerance to both Zn and Cd. The pattern of Zn and
Cd accumulation in plants was dose-dependent and
organ-specific which could be mediated by
common transportation or metal-specific pathway.
At low Zn and Cd levels, there might be a
low-affinity of Zn and Cd uptake system in which
Zn and Cd were likely to share in common.
However, high-affinity Cd uptake systems might
contribute to the high Cd accumulation without
reducing the Zn loading in shoots of A. paniculata.
Beside the high tolerance to Zn and Cd, A.
paniculata exhibited capacity to balance H2O2
homeostasis with no obvious biomass reduction
observed in all treatments. Among the antioxidative
enzymes we examined, APX is the most effective
antioxidant in removing H2O2 to protect A.
paniculata against Zn and Cd stress.
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chemical, physical and biological contents of water
[1]. Because of the worldwide concern about good
quality freshwater resources may become a problem
in the near future, developing countries have
increased their interest in water quality monitoring
investigation during the past decades [2,3]. Even if
there is no pollution present, the water quality of
surface water changes depending on the geographical structure of regions and seasons. Although
rainfall is an important factor in the environment,
substances present in the air such as pollutant particulates and gasses interpenetrate into the soil and
water sources by the rain. With the influences of
development and increasing population, the main
contaminants for surface water are industrial,
agricultural, forestry activities, soil and water loss,
sewage and garbage from daily life.
One of the most common environmental
pollutants is heavy metals, and their occurrence in
the waters indicates the presence of natural or
anthropogenic sources. Surface water pollution by
heavy metals is a significant and increasingly common environmental problem all over the World [48]. Heavy metals can occur naturally in the soil and
water, but rarely at toxic levels. The geologic and
anthropogenic activities increase the concentration
[9]. Mining, manufacturing, burning of fossil fuels,
use of fertilizers and pesticides in agriculture,
batteries and other metal products in industries and
municipal waste disposal can cause in heavy metal
contamination of surface water sources [10,11].
Heavy metal contamination refers to the
excessive deposition of toxic heavy metals in the
environment caused by human activities. Heavy
metal contamination is colorless and odorless and
then it is difficult to be noticed. Also, once the
aquatic environment suffers from heavy metal
contamination, it is difficult to be remediated. This
situation cause negatively impacts the health of
human and animals [12-14]. The concentrations of
some heavy metals are beneficial and essentially
required for normal and healthy body growth and
functions of living organisms such as metal
nutritional requirements (Co, Cu, Fe, Mn, Mo, Ni,
and Zn). On the other hand, some heavy metals can
cause biological toxicity, such as arsenic (As),

ABSTRACT
The main objective of this study was to
determine physicochemical parameters and heavy
metal concentrations for 6DNÕ] 3RQG .DVWDPRQXTurkey. Thus the water quality properties were
assessed, the pollution problems were revealed, the
suitability levels in terms of aquatic life and drinking
water were determined and the quality of water in
accordance with the Surface Water Quality
Management Regulation (SWQMR) criteria was
classified. In total, 21 physicochemical parameters
and 7 heavy metals were investigated for water
quality assessment of the studied pond between
March 2015 and February 2016. This study was
carried out through monthly sampling during 1 year,
in 3 stations at 6DNÕ]3Rnd. Temperature, pH, salinity
and electrical conductivity parameters were obtained
from the field using a multiparameter. The analyses
of nitrite, nitrate, ammoniac, ammonium nitrogen
(NH4+), chloride, phosphate, sulfate, sulfite,
potassium, calcium, sodium and magnesium were
conducted by using HACH LANGE brand DR 6000
laboratory type spectrophotometer and the analyses
of the heavy metals were conducted by using a gas
chromatography-Mass Spectrometry. The water
quality in study area was found to be Class I
according to the Surface Water Quality Management
Regulation, and also this water was found as suitable
in terms of drinking water quality. The results of this
study will provide a data baseline for future studies
on subsequent evaluations of possible future
environmental contamination, and also this study
will be the baseline data for future ecological studies
and conservation and management of the water
resources of Kastamonu-Turkey.

KEYWORDS:
Water quality, Heavy metal, Seasonal variation, 6DNÕ]
pond, Kastamonu

INTRODUCTION
Water is one of the indispensable resources for
life. Water quality is defined in terms of the
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water quality were monthly collected for 12 months
from 3 stations, and the sampling was ended in
February 2016.
Maintenance and cleaning of all the equipment to be used in the field, the field-type
measurement devices and the glass sample tubes
were completed 1 day before the sampling process.
The sampling tubes were sunk into an acid solution,
and then they are washed with pure water and dried
in drying oven. The water samples were taken by
shaking the sampling tubes and sinking them into 15
cm depth of the water surface [18]. The obtained
water samples have been taken to the laboratory
within maximum 2 days for analysis. Temperature,
pH, salinity and electrical conductivity parameters
were measured via the field type device (HACH
LANGE brand HQ40D model digital two channel
multiparameter) in the region.
Among other parameters of the water quality,
the analyses of total alkalinity, total hardness,
ammonium nitrogen, nitrate, nitrite, phosphate, sulfite, sulfate, potassium, chloride, sodium, suspended solid matter (SSM), chemical oxygen demand
(COD), biological oxygen demand (BOD), calcium,
magnesium, copper, zinc, ferrous, lead, nickel,
mercury and cadmium of the water samples were
performed in Kastamonu University Fisheries
Faculty Laboratory in two days. Titration with
sulfuric acid (for total alkalinity) and titration with
EDTA (for total hardness) were performed. The
results are presented in mg/L CaCO3 unit. The level
of biological oxygen was calculated via HACH
LANGE brand BOD TRAK II type manometric
measurement device. Chemical oxygen level was
calculated through titration with ferrous ammonium
sulfate based on determining the amount of oxygen
being used while lysing the natural and organic
pollutant load by using powerful chemical oxidants.
The analyses of nitrite, nitrate, ammoniac,
ammonium nitrogen (NH4+), chloride, phosphate,
sulfate, sulfite, potassium, calcium, sodium, and
magnesium were conducted by using HACH
LANGE brand DR 6000 laboratory type spectrophotometer. The analyses of the heavy metals such
as lead, copper, ferrous and cadmium, mercury,
nickel, and zinc of water samples were conducted
using Shimadzu brand GCMS-QP2010 ULTRA type
gas chromatography- Mass Spectrometry in the
laboratory. The analysis of Suspended Solid Matter
(SSM) was conducted by filtering the water through
Whatman brand 42 Nr 0.45 NM membrane filters
and then keeping filter papers at 103°C for 24 hours
and calculating the weight difference [19]. Seasonal
and annual mean values, standard deviations and
graphics of each of the parameters were calculated
by using Office Excel 2010 (Microsoft Office
Professional Edition 2010).

cadmium (Cd), chromium (Cr), lead (Pb) and mercury (Hg) etc.
In recent years, with the development of the
global economy and increasing population of world,
heavy metal concentrations in the soil and thus in the
surface water have gradually increased [12,15-17].
Therefore, it is important to identify the quan-tifying
of heavy metal concentrations, to determine the
variability in the surface water sources and to
monitor possible changes. The aim of this research is
to determine monthly variations of the heavy metal
concentrations and physicochemical para-meters of
6DNÕ] 3RQG (Kastamonu-Turkey). Up to now, no
survey has been reported on water quality parameters
in the study area. In addition, this information will
contribute to the literature of the heavy metals and
physicochemical parameters in the water sources and
serve as baseline data for future studies.

MATERIAL AND METHODS
Study Area. 6DNÕ] 3RQG Ͷͳ ʹᇱ ͶͲᇱᇱ ܰǡ
͵Ͷ ͳʹᇱ Ͷͻᇱᇱ  )ܧis located in 7DúN|SU &RXQW\ of
Kastamonu Province. The pond is located near the
Ilgaz Mountain National Park lies in the Central
Anatolian region and in the field of wildlife
development. This pond has 293000 m3 of storage
volume. While determining the sampling stations on
the pond, we considered the points that represent
characteristics of the pond homogenously. The 1st
station was located at the exit point of 6DNÕ] Pond
(the deepest point of the dam), the 2nd station at the
midpoint of the pond, and 3rd station at the entrance
point of the Pond (Figure 1).


FIGURE 1
7KHORFDWLRQRIVDPSOLQJVWDWLRQVRI6DNÕ]
Pond/Kastamonu.
Water Analysis. This study was started in
March 2015, the samples used in analyses of some
chemical and physical parameters constituting the

2808



Fresenius Environmental Bulletin

© by PSP

Volume 26 ± No. 4/2017 pages 2807-2816

Fresenius Environmental Bulletin

TABLE 1
The annual mean values of the physicochemical parameters.
Physicochemical Parameters

Station 1

Station 2

Station 3

Dissolved Oxygen (DO) (mg/L)
Salinity
pH
Temperature (oC)
Electrical Conductivity (EC)
Suspended Solids (SS) (mg/L)
Chemical Oxygen Demand (COD)
(Biological
/L)
Oxygen Demand (BOD)
(Chloride
/L) (ି ݈ܥଵ ) (mg/L)

10.53±0.90
0.08±0.031
8.06±0.37
12.53±7.31
212.11±54.03
6.27±2.94
4.19±1.52
1.59±0.57
5.18±1.20
0.270±0.172
72.80±9.76
2.38±0.38
53.78±13.45
8.71±3.48
283.27±21.89
287.66±22.02
41.66±11.29
51.73±15.68
0.004±0.002
5.97±3.20
0.0008±0.0005

10.57±0.90
0.07±0.030
8.12±0.16
12.32±7.32
209.04±53.53
6.23±2.92
4.17±1.51
1.57±0.57
5.14±1.20
0.270±0.173
72.04±9.53
2.34±0.36
53.57±13.26
8.66±3.46
281.37±21.83
285.43±21.92
41.60±11.30
51.49±15.70
0.004±0.002
5.92±3.20
0.0007±0.0004

10.55±0.90
0.07±0.030
8.14±0.16
12.38±7.32
210.59±53.79
6.22±2.93
4.12±1.50
1.52±0.56
5.11±1.19
0.260±0.168
71.87±9.00
2.31±0.37
53.24±13.09
8.52±3.16
282.45±21.92
286.71±22.05
41.46±11.16
51.29±15.61
0.003±0.002
5.87±3.14
0.0005±0.0003

Phosphate (ܱܲସିଷ ) (mg/L)
Sulfate (ܱܵସିଶ ) (mg/L)
Sulfite ܱܵଷିଶ ) (mg/L)
Sodium (Na) (mg/L)
Potassium (K) (mg/L)
Total Hardness (TH) (mg/L)
Total Alkalinity (TA) (mg/L)
Magnesium (Mg) (mg/L)
Calcium (Ca) (mg/L)
Nitrite (ܱܰଶష ) (mg/L)
Nitrate (ܱܰଷష ) (mg/L)
Ammonium Nitrogen (AN) (mg/L)

8.06 to 8.14 with in the stations with the overall
annual mean value of 8.11±0.21 (Table 1). These
results indicate that no statistically significant
change was observed in the mean pH values between
the stations. pH varied with seasons and variations
were statistically insignificant. Also, drinking water
pH level varies between 6.5 and 9.5. According to
WKLV WKH ZDWHU IURP 6DNÕ] 3RQG LV VXLWDEOH IRU
drinking in terms of pH. Water temperature is the
important environmental variable and a limiting
factor in the aquatic life. It affects metabolic
activities, growth, feeding, reproduction, distribution
and migratory behaviors of aquatic organisms
[1,24,25]. The mean values of water temperature
exhibited the non-significant variation between the
stations and the annual mean temperature value was
calculated to be 8.11°C (Table 1). From the aspect of
mean values, the lowest water temperature was
found to be 4.34°C in the winter season, while the
highest water temperature was 19.82 °C in autumn
season (Table 2). These results indicate that the
temperature differences between the stations and the
seasons were within the acceptable levels for a
survival of aquatic organisms.
Salinity is a dynamic indicator of the water
ecosystem such as oxygen solubility decreases
slightly as salinity increases, and it is expressed as
the total concentration of charged ions in water. The
mean salinity values of the study area varied between
0.07 % and 0.08 %. The values showed nonstatistically significant variation within the

RESULTS AND DISCUSSION
In this research, the water samples monthly
collected from 3 stations for 12 months were
analyzed in terms of physicochemical and heavy
metal parameters. The results of the physicochemical parameters and heavy metal concentrations by
the seasons and stations are presented in tables
(Table 1-4). The mean dissolved oxygen (DO) was
lowest at the first station as 10.53 mg L, the overall
mean values was calculated to be 10.55±0.90 mg L
in this study. The mean values of 10.55±0.90,
10.57±0.90 and 10.55±0.90 mg L were recorded for
first, second and thirds stations, respectively. The
variations did not differ significantly across the
stations (Table 1). In addition, for spring, summer,
autumn and winter seasons, the mean values of DO
were found to be 11.40, 10.70, 9.42 and 10.67 mg/L,
respectively (Table 2). In fresh waters, the dissolved
oxygen shall be at least 5 mg/L for the sustainable
aquatic life [20]. The results indicate that the water
of 6DNÕ] Pond is suitable for aqua-culture from the
aspect of DO concentration, and it is in Class I
according to SWQMR [21]. All the values are found
WR EH RXWVLGH ³QR HIIHFW´ UDQJH -0.3 mg/L) for
drinking water use. But, the values are the 0.1±10
mg/L range for which slight adverse health effects
can be expected in children and sensitive individuals
[1,22,23].
The hydrogen ion concentration of pH was
based in the study area. The mean pH ranged from
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Annual Mean
Value
10.55±0.90
0.07±0.030
8.11±0.21
12.41±7.32
210.58±53.78
6.24±2.93
4.16±1.51
1.56±0.56
5.14±1.20
0.266±0.170
72.24±9.42
2.34±0.37
53.53±13.27
8.63±3.36
282.36±21.88
286.60±22.00
41.57±11.25
51.50±15.66
0.004±0.002
5.92±3.18
0.0007±0.0004
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TABLE 2
The seasonal variations of the physicochemical parameters.
Physicochemical Parameters
Dissolved Oxygen (DO) (mg/L)
Salinity
pH
Temperature (oC)
Electrical Conductivity (EC)
Suspended Solids (SS) (mg/L)
Chemical Oxygen Demand (COD)
(Biological
/L)
Oxygen Demand (BOD)
(Chloride
/L) (ି ݈ܥଵ ) (mg/L)
Phosphate (ܱܲସିଷ ) (mg/L)
Sulfate (ܱܵସିଶ ) (mg/L)
Sulfite (ܱܵଷିଶ ) (mg/L)
Sodium (Na) (mg/L)
Potassium (K) (mg/L)
Total Hardness (TH) (mg/L)
Total Alkalinity (TA) (mg/L)
Magnesium (Mg) (mg/L)
Calcium (Ca) (mg/L)
Nitrite (ܱܰଶష ) (mg/L)
Nitrate (ܱܰଷష ) (mg/L)
Ammonium Nitrogen (AN) (mg/L)

Spring
11.40±0.47
0.05±0.02
8.09±0.05
8.72±3.15
159.41±19.63
4.07±0.76
4.10±1.55
1.36±0.57
4.48±0.77
0.133±0.046
70.18±2.17
2.63±0.37
61.74±13.5
9.38±2.11
275.25±10.87
279.57±11.31
32.37±4.31
51.19±14.56
0.0043±0.0007
6.87±2.49
0.0006±0.0003

Summer
10.70±0.86
0.08±0.02
8.24±0.07
16.76±3.86
239.42±40.47
8.09±2.74
5.57±1.27
2.08±0.16
5.86±0.08
0.272±0.061
85.06±5.12
2.60±0.17
64.28±15.33
11.37±5.75
306.00±4.78
310.28±5.26
51.80±5.93
66.93±15.83
0.0055±0.0021
8.54±4.86
0.0009±0.0004

Winter
10.67±0.35
0.05±0.02
7.85±0.17
4.34±1.61
174.73±19.61
3.75±1.01
2.44±0.57
0.88±0.08
4.25±1.89
0.232±0.241
64.94±6.54
2.06±0.3
45.2±1.33
7.68±1.27
256.85±3.68
260.97±4.02
32.26±10.79
35.24±11.05
0.0012±0.0006
3.55±1.75
0.0005±0.0006

minimum COD values were measured in summer
and winter seasons to be 5.57 mg/L and 2.44 mg/L,
respectively. The mean COD values showed slight
changes between seasons. According to the
SWQMR, the study area is in Class I in terms of
COD.
Biological Oxygen Demand (BOD) is a
parameter indicating the oxygen amount required by
the microorganisms for dissolving the organic
matters in the aquatic environment. It is used for
identifying the pollution potential of receiver
environment by calculating the amount of dissolved
oxygen [28]. The mean biological oxygen demand
(BOD) values of the study area varied between 1.52
and 1.59 mg/L. The values showed non-statistically
significant variation within the stations (Table 1).
Also, among the seasonal variation of the mean
levels, the minimum and maximum values were
found to be 0.88 and 2.08 mg/L for winter and
summer seasons, respectively (Table 2). The annual
mean BOD value in 6DNÕ]3RQG was 1.56 mg/L and
it is in Class I according to SWQMR in terms of
BOD.
Nitrogen derivatives of nitrite (NO2), nitrate
(NO3) and ammonium nitrogen (NH4+) play
important role in the process of water pollution. The
nitrite (NO2) sources in waters are the organic
matters, fertilizers, and some of the minerals. The
nitrite concentration in surface waters higher than 1
mg/L indicates the presence of pollution [29]. Nitrate
(NO3) is the final product of nitrogenous organic
matters. High concentration of nitrate in surface
waters indicates the pollution. The nitrate (NO3)

stations (Table 1). Among the seasonal variation of
these levels, the maximum value was found as 0.11
% for autumn seasons (Table 2). The annual mean
salinity value in 6DNÕ] Pond was determined to be
0.07 %.
Suspended solids (SS) are solid materials,
including organic and inorganic materials in the
water and affect aquaculture directly. High
concentrations of suspended solids can impair water
quality as a result of absorbing the light. Then,
waters become warmer and the ability to hold
oxygen of water, which is essential for aquatic life,
decreases [1]. Mean suspended solid values varied
from 6.22 to 6.27 mg/L between the stations, and the
annual mean value was calculated to be 6.24 mg/L,
which is about 1.6 times lower than the maximum
acceptable level of 10 mg/L for SS in aquaculture
[26]. It is clearly showed that from the Table 1,
within the stations, the values of suspended solids
were of trivial difference. When examined the
seasonal variations, the max and min mean values
were found as 9.05 mg/L and 3.75 mg/L in autumn
and winter seasons, respectively. According to these
results, the condition RI6DNÕ] pond in terms of SS is
suitable for aquatic life.
Chemical Oxygen Demand (COD) is a
parameter that is used for examining the pollution
level of waters. If the COD level of the waters higher
than 25 mg/L, this indicates the presence of
pollution. But, the values more than 50 mg/L
indicate possible toxicity for aquatic organisms [27].
The maximum annual mean COD value measured in
6DNÕ] 3RQG ZDV  PJ/ 7KH maximum and
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Autumn
9.42±0.53
0.11±0.02
8.25±0.21
19.82±6.18
268.77±36.29
9.05±2.17
4.53±0.75
1.93±0.16
5.98±0.1
0.428±0.168
68.77±7.96
2.08±0.24
42.89±0.79
6.10±0.06
291.34±21.6
295.57±21.64
49.86±2.9
52.64±2.93
0.0032±0.0004
4.71±0.73
0.0007±0.0003
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winter, respectively (Table 2). Besides the sulfate,
the chloride level is an important indicator of the
water quality. The highest mean chloride value was
observed in the autumn season to be 5.98 mg/L, while
the lowest level was recorded in winter to be 4.25
mg/L. The annual mean value was found to be 5.14
mg/L. In this study, the sulfite mean values varied
from 2.31 to 2.38 mg/L between the stations and the
annual mean value was determined as 2.34 mg/L.
Also, within the seasonal variation, the max and min
mean values were found as 2.63 and 2.06 mg/L in
spring and winter seasons, respectively (Table 2).
According to these data, 6DNÕ] Pond is suitable for
aquaculture.
Ca (calcium) and Mg (magnesium) are the most
important dissolved solid matters and alkali soil
minerals in waters [38]. The max recommended
level of Ca is reported to be 75 mg/L [39],Q6DNÕ]
Pond water, the annual mean Ca level was found as
51.50 mg/L. This level is lower the limit level. The
max mean value was found to be 66.93 mg/L in the
summer season and the min mean value was found
as 35.24 mg/L in the winter season. This max value
is about 1.12 times lower than the max acceptable
level of Ca. The level of Mg in normal surface waters
varies from 5 mg/L to 60 mg/L. In mildly hard
waters, the values between 60 and 100 mg/L can be
accepted as typical, and the recommended
concentration of Mg is 50 mg/L [39]. In this study,
the annual mean value was ascertained as 41.57
mg/L.
The concentration of sodium (Na) and
potassium (K) vary within the ranges of 2-100 mg/L
and 1-10 mg/L in natural waters, respectively [40].
The annual mean K and Na levels in 6DNÕ] 3RQG
waters were found as 8.63 and 53.53 mg/L,
respectively that can be considered to be within the
normal ranges. The distribution of some of the
physicochemical parameters of the water samples is
given in Figure 2.
Besides the physicochemical parameters, the
heavy metal concentrations were determined in
water samples (Table 3 and 4). In this study, the
presence of four essential micronutrients (Fe, Cu, Ni,
and Zn) was detected in samples (Table 3). Cu, Zn,
Fe, and Ni are essential metals in the human body,
but if the body takes excessive these elements from
the outside environment, they will damage human
health. The mean concentrations were ranged 1-2,
4.75-6.09, 2.25-3.25 and 11.50- ȝJ/ ZLWKLQ
the stations, respectively. The annual mean values
for these elements were found as 2, 5.50, 2.69 and
 ȝJ/ UHVSHFWLYHO\ Since the use of ferrouscontaining agricultural pesticides for increasing the
grain productivity of wheat plants increases
especially between spring and summer seasons, the
ferrous-containing waters can penetrate into the
Pond through the rain waters. The mean
concentration of ferrous in autumn season was
calculated to be 4 ȝJ/ and this value is higher

sources in waters are the wastewaters, organic
nitrogen and the fertilizers used in agriculture [30].
It has been reported that fish mortality starts at 4
mg/L and higher doses [31]. In this study, the annual
mean values of nitrite and nitrate were found to be
0.004 mg/L and 5.92 mg/L, respectively. The values
show that the variation between the stations both
nitrite and nitrate is statistically non-significant
(Table 1). Also, among the seasonal variation of the
mean ܱܰଶି and ܱܰଷି levels, the minimum, and
maximum values were found as 0.0012 and 0.0055
mg/L, 3.55 and 8.54 mg/L for winter and summer
seasons, respectively (Table 2). The mean
ammonium nitrogen (AN) values of the study area
varied from 0.0005 to 0.0008 mg/L, and the annual
mean value was calculated as 0.0007 mg/L.
According to the SWQMR, the 6DNÕ]3RQG has First
Class water characteristic from the aspect of AN and
is in Class II in terms of nitrate (ܱܰଷି  and nitrite
(ܱܰଶି ) [21].
Alkalinity is an indirect measure of the
concentration of anions in water. The carbonate,
bicarbonate, hydroxides, phosphates borates and
silicates are the source of dissolved anions and give
the alkalinity to the water [32]. If the alkalinity is
between 30 and 500 mg/ L, this is acceptable levels
to fish production [33]. High alkalinity creates
physiological stress on aquatic organisms, and this
situation may lead to the loss of biodiversity [34]. In
WKH 6DNÕ] 3RQG ZDWHU WRWDl alkalinity (TA) results
were changed from 285.43 to 287.66 mg/L among
the stations, and the annual mean value was found to
be 286.60 mg/L. The maximum TA level was
determined to be 310.28 mg/L in the summer season.
$FFRUGLQJWRWKHVHUHVXOWV6DNÕ]3RQGis suitable for
aquatic life in terms of TA.
In water sources, the phosphorus is a ne-cessary
element for aquatic life [35]. The reason for
fluctuation in phosphate level is the use of fertilizers.
The highest mean value was ascertained in autumn
season as 0.428 mg/L, while the lowest mean value
was determined in the spring season to be 0.133
mg/L and t h e annual mean was found to be 0.266
mg/L. The phosphate, one of the nutrient minerals
affecting the productivity of aquatic life, showed an
increase in autumn months. This phosphate
FRQFHQWUDWLRQLQGLFDWHVWKDWWKHZDWHURI6DNÕ]3RQG
is in Class III in accordance with SWQMR [21].
The presence of the sulfate (SO4) in surface
water is important for the biological productivity
[36]. The maximum value in surface water for
aquatic products has been determined to be 90 mg/L
for sulfate [37]. The sulfate value of the studied area
showed insignificant differences between stations.
The max value was found to be 72.80 mg/L in the
1st station, while the min was observed as 71.87
mg/L in the 3rd station and the annual mean value
was calculated as 72.24 mg/L. The seasonal mean
values of sulfate were 70.18, 85.06, 68.77 and
64.94 mg/L for spring, summer, autumn, and
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FIGURE 2
Distribution of some physicochemical parameters.
TABLE 3
The annual mean values of the heavy metal concentrations.
Heavy Metal
Concentrations (μg/L)
Fe
Pb
Cu
Cd
Hg
Ni
Zn

Station 1

Station 2

Station 3

2±2
1.08±0.50
6.09±4.20
0.39±0.14
0.005±0.004
3.25±1.66
13.00±7.01

2±2
1.00±0.48
5.67±4.03
0.37±0.17
0.005±0.004
2.58±1.62
12.58±7.08

1±2
0.88±0.41
4.75±3.67
0.28±0.19
0.004±0.003
2.25±1.54
11.50±6.91

[41]. Fe is an important metal in both plants and
animals, especially in the cellular processes. Fe is
found in natural fresh water but has no health-based
guideline value, although high concentrations of Fe
(above 0.3 mg/L) give rise to consumer complaints
[42]. In this study annual mean Fe concentration was
IRXQGWREHȝJ/DQGWKHYDOXHLVORZHUWKDQWKH
maximum contaminant level (MCL) of <0.3 mg/L
[41]. Copper (Cu) is an essential micronutrient
required for the body growth of plants and animals.
In humans, while it helps in the production of blood
hemoglobin, in high doses it can cause anemia and
kidney and stomach damage [43]. Nickel is an
element that occurs in the environment only at very
low levels and is essential in small doses, but it can
be dangerous above the maximum tolerable
amounts. This can cause various kinds of cancer on
different sites within the bodies of animals [43].
Besides the essential micronutrients, the
presence of three toxic heavy metals (Pb, Cd, and
Hg) was detected in the study area in the range of
0.88-1.08, 0.28-0.39 and 0.004-0.005 ȝJ/EHWZHHQ
the stations. The annual mean values were found to
be 0.98, 0.34 and 0.005 ȝJ/UHVSHFWLYHO\ 7DEOH 
The seasonal mean concentrations of these metals in
the water samples were observed as 1.28, 0.17, and
0.003 ȝJ/IRUWKHVSULQJVHDVRQ1.19,

than the determined mean values of the other
seasons.The annual mean concentration of the
copper (Cu) and nickel (Ni) were found to be 5.50
DQG  ȝJ/ UHVSHFWLYHO\ 7KH PHDQ FRQFHQtration of Cu in spring and summer seasons are 5.89
and 8.78 ȝJ/, and these values are higher than the
mean values of the summer and winter seasons. The
reason for this level is believed to be the penetration
of copper, which accumulate in the soil due to the
common use of copper vitriol during maintenance
and pruning in fruit gardens, into the pond via the
rain waters. The mean concentration of Ni in summer
and autumn seasons are 2.89 and 4.44 ȝJ/ and these
values are higher than the other seasons. The
maximum mean concentration of Zinc (Zn) was
IRXQGWREH ȝJ/LQ the 1st station. Also, the
annual mean value was found as ȝJ/,Qthe
summer season, the mean concentration of Zn is
higher than the other seasons as ȝJ/,WFDQEH
FRQFOXGHGWKDWWKH6DNÕ]3RQGKDV)LUVW&ODVVZDWHU
characteristic in terms of ferrous (Fe), copper (Cu)
and zinc (Zn), according to SWQMR [21].
Many foodstuffs and waters contain certain
amounts of Zn and also industrial sources may cause
the concentrations of Zn in drinking water to reach
levels that can cause health problems. The mean Zn
FRQFHQWUDWLRQVRIȝJ/ 7DEOH were below
the MCL of 5 mg/L recommended by Anonymous
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Annual Mean
Value (μg/L)
2±2
0.98±0.46
5.50±3.95
0.34±0.16
0.005±0.004
2.69±1.58
12.36±6.99
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FIGURE 3
6HDVRQDOYDULDWLRQVRIWKHKHDY\PHWDOFRQFHQWUDWLRQVLQ6DNÕ]3RQG

TABLE 4
The seasonal variations of the heavy metal concentrations.
Heavy Metal
Concentrations (μg/L)
Fe
Pb
Cu
Cd
Hg
Ni
Zn

Spring

Summer

Autumn

Winter

0±0
1.28±0.4
5.89±4.55
0.27±0.03
0.003±0.003
1.56±0.69
11.56±6.85

2±1
1.19±0.71
8.78±4.55
0.46±0.1
0.009±0.003
2.89±0.51
19.00±7.02

4±2
0.67±0.32
5.44±2.34
0.47±0.2
0.006±0.002
4.44±1.17
13.00±6.11

0±1
0.8±0.1
1.90±1.85
0.19±0.09
0.0013±0.0015
1.9±2.0
5.90±2.2

0.46, and 0.009 ȝJ/IRUWKH VXPPHUVHDVRQ 0.67,
0.47 and 0.006 ȝJ/IRUWKHDXWXPQVHDVRQDQG0.8,
0.19 and 0.0013 ȝJ/IRUWKHZLQWHUVHDVRQUHVSHFWively (Table 4).
The seasonal variations of the heavy metals are
presented Figure 3. The lead (Pb) concentration of
0.01 mg/L and higher are considered to be an
indicator of polluted water. Although the presence of
cadmium (Cd) in waters at the concentration of 5
ȝJ/DQGKLJKHUKDVEHHQUHSRUWHGWREHWR[LFDQGLW
directly leads to mortality in aquatic organisms [38].
The annual mean levels of Pb and Cd in 6DNÕ] Pond
were found to be  ȝJ/ DQG  ȝJ/
respectively. These levels of Cd and Pb can be
attributed to the use of artificial phosphate ferti-lizers
for the agricultural purposes around the Pond. Also,
the mercury (Hg) concentration may be cau-sed from
the flows from cultivation areas into the Pond, since
the use of fertilizers is very common around the
studied area. According to these find-ings, it is said
that the studied surface water has Class I water
characteristics from the aspect of lead (Pb), cadmium
(Cd) and mercury (Hg) elements according to
SWQMR [21].
Also, lead is not an essential element and is well
known to be toxic more than the effects of other trace
metals. The most serious source of exposure to lead

in water is through direct ingestion
of contaminated water or fish, and then goes into the
blood circulation in the form of soluble salts, protein
complexes or ions. Pb continuously accumulates in
the body organs, and it affects and damages many of
the body organs and systems such as nervous system,
reproductive system, urinary system, immune
system the basic physiological processes of cells and
gene expression and kidneys when it is greater than
0.1 mg/l [12,44]. The mean concentrations of Pb in
this study were below the recommended max
contamination level (MCL) for Pb was 0.0015mg/l
[41]. Cd is very soluble in water, and it is important
in several enzyme systems. Cadmium (Cd) is one of
the most toxic elements with widespread
carcinogenic effects in humans [45]. The
concentrations of Cd in a large amount may damage
the metabolism of calcium, which will cause calcium
deficiency and result in a serious health hazard and
bone fractures. In high doses mercury is associated
with kidney damage. In this study, the mean Cd
concentration was FDOFXODWHGDVȝJ/ 7DEOH 
This value was below the MCL of 0.005 mg/L [41].
This LVDQLQGLFDWLRQWKDWWKH6DNÕ]3RQGZDWHUZDV
contaminated, but not polluted in accordance with
Cd.
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CONCLUSION
The physicochemical parameters and the heavy
metal concentrations in water samples collected
from the 6DNÕ] Pond were determined in this study.
The heavy metals constitute an important pollutant
group and these pollutants accumulate within the
bodies of living organisms, and also they have
significant toxic and carcinogenic effects. As it can
be seen in results of the analyses, the water quality in
6DNÕ] Pond is considered to be Class I according to
SWQMR. Also, this water resource was evaluated in
terms of drinking water quality, and according to
drinking water quality parameters, 6DNÕ]3RQGZDWHU
is suitable for using for drinking water purposes. In
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whereas microelements are components of various
enzymes and activators. Iron and zinc represent
micronutrients, i.e. essential elements needed in
small amounts for proper human nutrition. Copper is
a component of enzymes entering the hemoglobin
and chlorophyll production; its deficiency leads to
anemia in animals and people as well as decay of
shoot tips and chlorosis in plants.Copper takes part
in main processes such as: photosynthesis,
respiration, protein processes, carbohydrate transportation, mechanisms of immunity to diseases. Zinc
is an important element for all plants and animals. It
is a component of enzymes; its deficiency leads to
disturbances in the form of keratosis. Zinc
participates in the metabolism of carbohydrates,
proteins and phosphorus com-pounds. Also, it
regulates the formation of ribo-somes, auxins and
cell components, and increases resistance to drought
and diseases [7-9]. Consump-tion of 200 g potato
tubers may supply the body with 8-15% of daily
copper, zinc and manganese demand [8, 10].
The content of micronutrients in plants depends
on many factors, e.g. cultivar, soil and climatic
conditions, and agrotechnological proce-dures [1014]. Weed control is one of the most important
elements of the potato cultivation technology
because weeds can drastically reduce the yield and
quality of Solanum tuberosum. Thus, the objective of
the present work was to determine the effect of
herbicides used to control weeds in potato crops on
copper and zinc contents in potato tubers.

ABSTRACT
The field experiment was designed as a twofactor split-plot arrangement with three replicates.
The factors examined in the experiment included two
potato cultivars: Irga and Balbina, and four weed
control methods: control (only mechanical weed
control) and an application of herbicides: Plateen
41.5 WG (metribuzin + flufenacet), Racer 250 EC
(fluorochloridon), Sencor 70 WG (metri- buzin). The
aim of the research was to define the influence of
selected herbicides used to reduce weed pressure on
copper and zinc contents in two potato cultivars. The
copper and zinc contents were determined by atomic
absorption
spectrophotometry
(ASA).
Concentrations of elements were given as mg per kg
dry matter of potato tubers. Copper content
depended significantly on weed control methods,
cultivars and weather conditions through-out the
growing season. Herbicides applied to pota-to crop
reduced copper content in tubers compared with
control. In contrast, the concen-tration of zinc was
affected by cultivars although it was not influenced
by weed control methods and meteo-rological
conditions.

KEYWORDS:
Potato, copper, zinc, herbicides, cultivar

INTRODUCTION
MATERIALS AND METHODS

Potato is the fourth most important food crop in
the world after rice, wheat and maize. In many
European countries, potatoes are the main staple
food and play an important role in human nutrition
[1, 2]. The nutritional value of potato tubers is
closely related to their chemical composition, in
particular the components which are important for
human nutrition, e.g. starch, protein, reducing
sugars, dietary fibre, vitamins and minerals [3-6].
The amount of minerals which occur as
macroelements and microelements is 1-1.2%. In the
plant, the role of macroelements is mainly structural

Plant material and experiment. The
experimental material consisted of tubers of two
edible potato cultivars obtained from a field
experiment conducted in 2008-2010 at the
Experimental Farm owned by the University of
Natural Sciences and Humanities in Siedlce. The
experiment was established on eutrophic brown soil,
formed from loamy sand, with a pH of 4.90 to 5.74
(1 mol KCl dm3) [15]. The soil was classified as
quality class IVa and very good rye complex.
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paper No 390. The samples were diluted to 50 ml
with distilled water. Concentrations of elements
were given as mg per kg dry matter (DM).

Selected chemical soil properties prior to the
experiment set-up are presented in Table 1. The soil
contained a medium and very high concentration of
phosphorus, medium and high concentration
potassium, medium concentration of magnesium,
low concentration of copper, a high concentration of
zinc. The experiment was designed as a two-factor
split-plot arrangement with three replicates. The
factors examined in the experiment included two
potato cultivars and four weed control methods
(Table 2). Potato was cultivated after winter wheat,
and each year the same organic manuring and
mineral fertilisation were applied. The amount of
farmyard manure was 25.0 t ha-1, and the respective
rates of N, P and K were as follows: 90, 33 and 112
kg ha-1. Potatoes were harvested at the full maturity
stage in early September. Samples of potato tubers
for chemical analyses were taken from plots during
harvest.

Statistical analysis. The results were subjected
to analysis of variance. Significance of variability
sources was tested with the Fisher-Snedecor F test
and the significance of differences between the
compared means was checked at P = 0.05 using
Tukey test.
Weather conditions. Climatic conditions
varied over the growing seasons of potato cultivation
(Table 3). Rainfall in 2008 was higher than the longterm precipitation sum and its distribution was
favourable for potato growth and development.
Temperatures were similar to the long-term
averages. In 2009 precipitation was irregularly
distributed, temperatures were higher and values of
hydrothermal coefficient ranged between 0.26 and
3.08. The growing season in 2010 was the warmest,
very wet and had stable values of hydrothermal
coefficient (1.15-1.74) in the months of yield
accumulation (June, July, August).

TABLE 1
Chemical physical properties of the soil.
Specification
Organic matter (g kg-1)
Soil pH (1 M KCl)
Contents of available
nutrients (mg kg-1):
í
P
í
K
í
Mg
í
Cu
í
Zn

2008
11.5
5.74

2009
11.3
4.90

2010
14.0
5.50

45.0
85.6
45.2
1.9
7,6

55.4
159.4
39.0
1.6
7.0

99.4
149.4
50,0
2.0
7.4

TABLE 3
Weather conditions during potato growth
seasons 2008-2010 according to the Zawady
Meteorological Station.
Months

6LHOLDQLQRY¶V
hydrothermal coefficient*
2008
2009
2010
0.40
0.26
1.04
2.14
1.72
2.18
1.20
3.08
0.94
1.15
0.44
1.25
1.74
1.48
1.36
3.10
0.57
1.73
1.39
1.28
1.61
354.4 459.7
371.4
+79.2 +184.5
+96.2
15.6
15.1
14.7
+0.9
+0.4
-0.0

April
May
June
July
August
September
April-September
Rainfall
in
the
growing season (mm)
Deviation from longterm average
Mean air temperature
(°C)
Deviation from longterm average
*
± strong drought
0.51-0.69 ±drought
0.70-0.99 ± slight drought
± no drought
Long term means for 1987-2000: rainfall 275.2 mm;
temperature 14.7°C

TABLE 2
Factors of the experiment.
Factor I ± Cultivars
1. Irga
2. Balbina
Factor II ± Weed control methods in potato
1. Control ± mechanical weed control until and
after potato emergence
2. Plateen 41.5 WG (metribuzin + flufenacet) 2.0
kg ha-1
3. Racer 250 EC (fluorochloridon) 3.0 dm3 ha-1
4. Sencor 70 WG (metribuzin) 1.0 kg ha-1

Determination of copper and zinc. Initially
prepared samples (cleaned and mixed) were stored
until the moment of performing chemical analyses
(two to four days) in paper bags at 18-20qC.
Chemical analyses were conducted on dry material
in three replicates. Prior to analysis, tubers were
cleaned of the soil and hand washed. Copper and zinc
contents were determined by atomic absorption
spectrophotometry [16]. Samples of tubers were
dried to constant weight at 70°C, and then at 105°C.
Dried potatoes (1.0-g samples) were digested with a
mixture of HNO3 (7ml) + H2O2 (1 ml). The material
obtained was mineralised during one cycle in a
laboratory microwave oven Ethos plus. After cooling
distilled water was added to the sample and it was
mixed. The residue was filtered through the filter

RESULTS AND DISCUSSION
Under conditions of the experiment, the
average copper content in potato tubers ranged from
6.516 to 6.959 mg kg-1 dry matter and was
significantly affected by cultivar, weed control
methods including herbicides as well as weather
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was determined in 2010 when precipitation and
temperatures were high, and the soil content of the
micronutrient was the lowest. Also Klikocka [13]
found the highest copper contents in tubers grown in
a wet year. The least copper in tubers was detected
in 2009 when temperatures were higher than the
long-term mean and precipitation was unevenly
distributed over individual months. It can be inferred
that extreme moisture and thermal conditions during
tuber formation (June and July), as well as the
amount of copper in the soil were not conductive to
its uptake. No interaction between cultivars and
weather conditions in the study years was found.
Zinc content in potato tubers ranged from 19.63
to 20.34 mg kg-1 dry matter (Table 6 and 7) and was
similar to the content reported by other authors [2,
18-19].

conditions during the growing season (Tables 4 and
5). Copper concentration in tubers was similar to the
values reported by other authors [10, 12, 17].
$FFRUGLQJ WR *XJDáD HW DO >@ :LHU]ELFND DQG
7UDZF]\ĔVNL >@ WKH FRSSHU FRQWHQW LQ SRWDWR
tubers is significantly affected by the cultivar, Ekin
[17] has demonstrated the dependence of the
component on the study years.
TABLE 4
Copper content in potato tubers (mg kg-1 d.m.).
Weed control
methods (II)
1. Control ±
mechanical weed
control
2. Plateen 41.5 WG
3. Racer 250 EC
4. Sencor 70 WG

Cultivars (I)
Irga
Balbina
6.590 6.959
6.516 6.929
6.540 6.919
6.518 6.883

Mean value
6.541
LSD0.05
cultivar (I)
weed control methods (II)
interaction I x II

6.923

Mean value
6.775
6.723
6.730
6.701

TABLE 6
Zinc content in potato tubers (mg kg-1 d.m.).

6.732
0.019
0.030
n.s.

Weed control methods
(II)
1. Control ± mechanical
weed control
2. Plateen 41.5 WG
3. Racer 250 EC
4. Sencor 70 WG

n.s. ± not significant
TABLE 5
Copper content in potato tubers as affected
by study years(mg kg-1 d.m.).
Weed control
methods (II)

Years (III)
2008
2009
6.697 6.685
6.600 6.656
6.659 6.638
6.626 6.616

2010
6.942
6.852
6.895
6.859

6.649

6.887

1. Control ±
mechanical weed
control
2. Plateen 41.5 WG
3. Racer 250 EC
4. Sencor 70 WG
Mean value
6.661
LSD0.05
weed control methods (II)
years (III)
interaction II x III

Cultivars (I)
Irga
Balbina
19.83
20.34
19.71
20.05
19.63
20.05
19.71
20.07

Mean value
19.72
LSD0.05
cultivar (I)
weed control methods (II)
interaction I x II

Mean
value
6.775
6.723
6.730
6.701

20.13

Mean
value
20.08
19.88
19.85
19.89

19.93
0.23
n.s.
n.s.

n.s. ± not significant
TABLE 7
Zinc content in potato tubers as affected by
study years (mg kg-1 d.m.).

6.732
0.030
0.029
n.s.

Weed control methods
(II)

Years (III)
2008 2009
20.13 20.08
19.91 19.89
19.85 19.85
19.91 19.88

2010
20.04
19.85
19.84
19.89

19.93

19.91

1. Control ± mechanical
weed control
2. Plateen 41.5 WG
3. Racer 250 EC
4. Sencor 70 WG
Mean value
19.95
LSD0.05
weed control methods (II)
years (III)
interaction II x III

n.s. ± not significant
Herbicides applied to control weeds in potato
crop reduced the concentration of copper in tubers
compared with control where only mechanical weed
control was used. The proven reduction of Cu was
found in the tubers harvested from all the herbicidetreated plots and two cultivars, which indicates that
the concentration of copper declined due to an
application of herbicides. In their study, Zarzecka
DQG*XJDáD >@ observed that the tuber content of
copper declined following an application of Plateen
41.5 WG (metribuzin + flufenacet) and Barox 460
SL (bentazone + MCPA) and their mixtures with
graminicides. Of the cultivars examined in the
present work, Balbina accumulated more copper
than Irga. The effect of cultivar on potato tuber of
copper was also mentioned by Ekin [17], GXJDáD et
DO>@DVZHOODV:LHU]ELFNDDQG7UDZF]\ĔVNL>@
The concentration of copper in potato tubers
was affected by the weather conditions during the
growing season (Tables 3 and 5). The most cropper

Mean
value
20.08
19.88
19.85
19.89
19.93
n.s.
n.s.
n.s.

n.s. ± not significant
In this study, there was no effect of herbicidebased weed control methods and weather conditions
during potato growing season on zinc accumulation
in potato tubers. It was probably due to a high soil
content of zinc, although Petryk and Bedla [20] have
demonstrated that the soil concentration of the
elements they studied (Cr, Zn, Pb, Fe) was not
significantly correlated with the respective contents
LQSRWDWRWXEHUV$OVR*XJDáD et al. [12] observed no
changes in zinc content due to an application of
insecticides. In the study reported here, more zinc
was accumulated by Balbina whereas Irga contained
2819
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$NOLPDW\]DFML5RĞOLQ-20. (in Polish)
[9] Sawicka, B. and Kalembasa, D. (2011)
Fluctuations of selected microelements in
Helianthus tuberosus L. tubers due to diverse
nitrogen nutrition. Advances in Food Sciences
33(3), 166-173.
[10] Wierzbicka, A. (2012) Mineral content of potato
tubers grown in the organic system, their
nutritional value and interaction. Journal
Research and Applications Agricultural
Engineering 57(4), 188-192. (in Polish)
[11] Bowszys, T., Wierzbowska, J. and Bowszys, J.
(2009) Content and removal of Cu and Zn with
harvested with composted municipal sewage
sludge. Journal of Elementology 14(1), 23-32.
DOI: 10.5601/jelem.2009.14.1.03
[12] GXJDáD M., Zarzecka, K. and Mystkowska, I.
(2011) Copper and zinc contents in edible potato
tubers influenced by an application of new
generation insecticides. Fresen. Environ. Bull.
20(7a), 1-4.
[13] Klikocka, H. (2011) The effect of sulphur kind
and dose on content and uptake of micronutrients by potato tubers (Solanum tuberosum
L.). Acta Scientiarum Polonorum, Hortorum
Cultus 10(2), 137-151.
[14] =DU]HFND.DQG*XJDáD0  7KHHIIHFW
of cultivation operations on the copper and zinc
content and accumulation in potato tubers.
Fresen. Environ. Bull. 18(7),1054-1058.
[15] Marcinek, M. and Komisarek, J. (red.) (2011)
Polish soil systematics. Wyd. 5. Rocz. Glebozn.
62(3), 1-179.
[16] 2VWURZVND $ *DZOLĔVNL 6 DQG 6]F]XELDáNRZD =   0HWKRGV RI DQDO\VLV DQG
evaluation of soil and plant properties. Wyd.
,QVW2FKUĝURG:DUV]DZD (in Polish)
[17] Ekin, Z. (2011) Some analytical quality characteristics for evaluating the utilization and
consumption of potato (Solanum tuberosum L.)
tubers. African Journal of Biotechnology
10(32), 6001-6010.
[18] Wierzbicka, A. DQG 7UDZF]\ĔVNL C. (2011)
Effect of irrigation and soil´s microorganisms
on the macro and micronutrient contents in
organic potato tubers. Fragmenta Agronomica
28(4), 139-148. (in Polish)
[19] Musilová, J. Toth, T. and Poláková, Z. (2009)
Safety of potatoes from aspect residual soil
contamination by risk metals. Ochrona
ĝURGRZLVND L =DVREyZ 1DWXUDOQ\FK  170.
[20] Petryk, A. and Bedla, D. (2010) Evaluation of
heavy metals (Pb, Zn, Cr, Fe) content in potatoes
tuber and in soil in the Trzebinia municipality.
,QĪ\QLHULD(NRORJLF]QD-24.

significantly less zinc. The effect of cultivar on an
accumulation of this microelement was confirmed in
studies by other authors [12, 17]. By contrast,
Wierzbicka and 7UDZF]\ĔVNL [18] found no
differences between cultivars but they did confirm
the effect of years on the amount of zinc accumulated
in potato tubers. Also Klikocka [13] showed that zinc
content in potato tubers was significantly affected by
weather conditions during the growing season.

CONCLUSIONS
Herbicides applied to control weeds in potato
crop reduced copper content in tubers compared with
control. However, no changes in zinc contents were
observed. Cultivar-related characteristics affected an
accumulation of copper and zinc. Balbina contained
more copper and zinc than Irga. The concentration of
copper was significantly affected by the weather
conditions during the growing season and soil
properties. The highest concentration of copper in
potatoes was in the wet and warm season (2010), on
soil rich in this micronutrient.
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ABSTRACT
The aim of the study was to determine the
total number of eubacteria, moulds and
actinobacteria and to determine dehydrogenases,
acid phosphatase and urease activity in peat
substrates with different composts under French
marigold (Tagetes patula /  µ%R\ *ROGHQ¶
cultivation. Apart from that, the aim of the study
was to determine the influence of composts on the
morphological traits of French marigold.
Plants were placed in peat substrates with
admixtures of composts produced from sewage
sludge, wheat, maize and lupine straws. Samples of
the substrate were collected at three terms: at the
stages of plantation, vegetative growth and
florescence. Then the samples were analysed
microbiologically and biochemically. The results of
the investigations gave an outline of variations in
the population of basic groups of microorganisms
DQG HQ]\PH DFWLYLW\ GXULQJ WKH SODQWV¶ JURZWK
depending on the experimental combination
applied. The research revealed that different doses
of the aforementioned composts added to peat
stimulated the growth of eubacteria and moulds the
most, whereas they stimulated the growth of
actinobacteria to a lesser extent. The research also
revealed that the metabolic activity of
microorganisms in peat combinations with different
doses of composts was greater than in peat by itself
(the control sample). Apart from the compost with
the admixture of lupine straw, all the composts can
be used for growing French marigolds, but first they
need to be mixed with peat. This research seems to
solve both the problem of excessive amounts of
sludge that has been produced and that is being
produced. The research also showed the possibility
to use sewage sludge composts for the production
of garden substrates.

INTRODUCTION
At present high-moor peat is a commonly used
substrate in the cultivation of ornamental plants. As
a result of intensive exploitation peat deposits are
constantly decreasing. Therefore, there are attempts
to find new, alternative substrates, which could
replace or minimise the consumption of peat in
horticultural production [1]. Composted sewage
sludge, which is rich in organic and mineral compounds, could be a good source components for the
production of substrates [2, 3].
The sludge composting process involves deep
stabilisation, which chiefly consists in oxygen
mineralisation and humification of organic substances. For this reason composting is used not only
as a method of production of valuable fertilisers but
also as a method of ultimate stabilisation of waste,
including the waste which is unsuitable for farming
purposes [4-9]. When composted sew-age sludge is
used as a substrate for cultivating plants, it is a
source of nutrients not only for plants but also for
microorganisms. Microorganisms are closely related with plants, their root system and root
secretions. They participate in the decomposition of
toxic substances in the substrate and they are
responsible for the synthesis of secondary metabolites, which stimulate the growth of plants (plant
growth hormones, phytochelatins, organic acids, B
vitamins). Microorganisms also exhibit phytosanitary properties as they induce systemic immunity in
plants, produce lytic enzymes (chiti-nase, protease,
xylanase), antibiotics and they can produce iron
chelating siderophores [10, 11].
The research on the populations of selected
groups of microorganisms and biochemical activity
in the substrate will enable assessment which of the
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in a glasshouse (in ten replication). The experiment
was repeated twice.

substrates applied in French marigold cultivation
contributes most significantly to variation in the
population and activity of microorganisms. It will
also enable assessment how the dynamics of
variation in the metabolic activity of microorganisms refers to the growth and development of
French marigolds. Apart from that, the aim of the
study was to determine the influence of composts
on the morphological traits of plants, the dynamics
of their growth and florescence.

TABLE 2
Percentage composition of substrates used under
cultivation of French marigold
Combination
K (control)
K1I
K1II
K1III
K1IV
K2I
K2II
K2III
K2IV
K3I
K3II
K3III
K3IV
K4I
K4II
K4III
K4IV

EXPERIMENTAL PROCEDURES
Experimental design. The experiment was
carried out in 2013 using French marigold (Tagetes
patula L.) µ%R\ *ROGHQ¶ in one of the glasshouses
of Marcelin Experimental Station belonging to the
Department of Ornamental Plants of Poznan
University of Life Sciences.
The composted material comprised sewage
sludge together with sawdust and maize, lupine and
wheat straw (Table 1).

K1

K2

K3

K4

Composition (%)
100% peat
100% compost
25% peat +75% compost
50% peat +50% compost
75% peat+25% compost
100% compost
25% peat +75% compost
50% peat +50% compost
75% peat+25% compost
100% compost
25% peat +75% compost
50% peat +50% compost
75% peat+25% compost
100% compost
25% peat +75% compost
50% peat +50% compost
75% peat+25% compost

Enzymatic analysis. Biochemical analysis
were performed on the basis the spectrophotometric
method (all measurements were performed in five
replications). Dehydrogenases activity was determined according to Thalmann [12] with some
minor modifications. Substrate (1 g) was incubated
for 24 h with 2, 3, 5-triphenyltetrazolium chloride
(TTC) at 30°C, pH 7.4. The produced triphenylformazan (TPF) was extracted with 96% ethanol
and measured spectophotometrically at 485 nm.
'HK\GURJHQDVHV DFWLYLW\ ZDV H[SUHVVHG DV ȝmol
TPF g-1 DM of substrate 24h-1.
Soil urease activity was assayed as described
by Hoffmann et al. [13]. Briefly, 1 g of moist soil
was incubated with 0.15 ml of toluene for 15
minutes at room temperature. Next 1 ml of the urea
solution was added to the soil samples and they
were incubated for 18 h at a temperature of 37 ºC.
After the incubation 5 ml of 0.03 M acetic acid was
added and shaken for 20 minutes. Next the samples
were drained through paper filters (90 mm),
Munktell Ahlstrom firm. 0.4 ml of 25 % sodium
potassium tartrate, 18 ml of distilled water and 0.4
ml of Nessler's reagent were added. The wavelength
urease activity was 410 nm and it was expressed as
ȝJ1-NH4 g-1 DM of substrate 18h-1.
The activity of acid phosphatase was assayed
as described by Tabatabai et al. [14]. Briefly, 1 g of
moist soil was incubated with 0.25 ml of toluene for
15 minutes at room temperature. Next, 5 ml of the
buffer solution was added to the soil samples. The
pH of the buffer solution was 6.5 and it contained
p-nitrophenylophosphate sodium substrate, which
was solved in it. After the incubation 1 ml of 0.5 M
CaCl2 and 4 ml of 0.5 M NaOH were added to all

TABLE 1
Percentage composition of composts used in
experiment
Combinations

Fresenius Environmental Bulletin

Composition (%)
Sewage sludge 50
Wheat straw 30
Sawdust 20
Sewage sludge 50
Maize straw 30
Sawdust 20
Sewage sludge 50
Lupine straw30
Sawdust 20
Sewage sludge 50
Fresh maize straw 30
Sawdust 20

Compost were produced in laboratory
conditions (Instytute of Biosystems Engineering,
University of Life Sciences in Poznan). Investigations were carried out in four chambers of the
bioreactor of 160 dm3 each. The construction of the
employed bioreactor, in particular, the thermal
isolation used in it, created conditions reflecting the
course of the composting process in real conditions.
The obtained mature composts were mixed
with high moor peat at appropriate proportions
(Table 2).
Plants growing in deacidified high moor peat
supplemented with 3 g l-1 of slow-release fertilizer
Osmocote 3-4 M were treated as a control group.
Substrates prepared as described above were
subjected to chemical analyses (Table 3 and 4).
Chemical analysis of substrates were performanced
at the Regional Agrochemical Station, Poznan.
Seedlings of garden French marigold were
planted into pots of 9 cm in diameter and cultivated
2823
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TABLE 3
Chemical properties of substrates during planting
Combination

K
K1I
K1II
K1III
K1IV
K2I
K2II
K2III
K2IV
K3I
K3II
K3III
K3IV
K4I
K4II
K4III
K4IV

mg dm-3 substrate

Volumetric
weight
g dm-3

pH in
H2O

N-NO3

P

K

Ca

Mg

Cl

NaCl
g dm-3

320
340
310
325
325
570
425
375
345
325
330
320
320
300
310
320
305

6.1
7.1
6.5
6.6
6.4
6.6
6.8
6.7
6.7
6.7
6.6
6.7
6.8
7.2
6.8
6.8
6.8

271
9
6
5
6
78
9
9
8
6
4
4
<3.3
<3.3
<3.3
4
<3.3

228
866
448
396
323
762
418
246
142
836
456
276
142
688
411
179
161

495
4360
2260
1785
1043
1245
700
470
205
1760
3085
100
610
3050
1650
1095
665

2431
1583
2053
2155
2058
1369
1787
1808
2094
766
1328
1706
1992
868
1466
3023
1982

212
508
305
275
209
421
255
191
180
410
251
213
179
345
239
215
178

113
1950
980
960
520
362
242
169
98
800
530
300
208
490
329
240
156

3.35
6.35
4.24
3.30
2.30
2.70
1.80
1.30
1.10
3.05
1.88
1.45
1.13
2.75
1.72
1.60
1.17

TABLE 4
Chemical properties of substrates during the flowering plants
Combination

K
K1I
K1II
K1III
K1IV
K2I
K2II
K2III
K2IV
K3I
K3II
K3III
K3IV
K4I
K4II
K4III
K4IV

Volumetric
weight
g dm-3
290
311
289
290
311
324
333
323
411
325
324
356
378
311
345
388
323

mg dm-3 substrate

pH in
H2O

N-NO3

P

K

Ca

Mg

Cl

NaCl
g dm-3

6.5
6.7
6.8
7.4
6.9
7.0
6.9
7.2
7.0
7.1
7.4
7.3
7.2
7.2
7.1
7.0
7.5

23
12
7
9
6
88
9
7
8
6
7
9
7
7
9
9
7

201
567
411
442
432
611
564
233
112
675
654
321
213
456
324
211
453

332
3241
3214
1777
1011
1123
675
378
456
1234
1111
786
657
1800
1324
1001
2345

2234
1123
1237
1235
2345
1333
1700
1120
1990
564
1023
1564
1023
765
1234
1244
1001

199
435
320
200
199
324
201
189
101
350
321
211
156
289
201
199
145

101
1768
675
786
435
435
199
106
78
566
345
299
178
399
245
290
111

3.11
5.43
4.78
3.56
2.11
2.90
1.12
1.12
1.10
2.89
1.34
1.56
1.11
2.12
1.56
1.34
1.90

The number of heterotrophic bacteria
(eubacteria) was determined on Merck standard
agar, after 5-6 days of incubation at the temperature
of 28oC [15]. Moulds were determined on Martin
substrate for 5 days at the temperature of 24 oC [16]
and numbers of actinobacteria were assessed on a
selective Pochon substrate [17] following plate
incubation for 7 days at the temperature of 26oC.

the test tubesin order to stop the reaction. Next, the
solution was drained through paper filters Munktell
Ahlstrom firm (90 mm) and the value was read on a
spectrophotometer at a wavelength of 400 nm. The
enzyme actLYLW\ ZDV H[SUHVVHG DV ȝPRl PNP g-1
DM of substrate h-1.
Microbiological analysis. Microbiological
analysiV ZHUH SHUIRUPHG RQ WKH EDVLV RI .RFK¶V
plate method and involved determining (using
selective substrates) the numbers of colony forming
units (cfu) of heterotrophic bacteria, moulds and
actinobacteria (all measurements were performed in
five replications). Estimation of cfu numbers of the
above-mentioned microorganisms is a measure of
their intensity of current high metabolic activity.

Plant analysis. After three months of growing
WKH SODQWV¶ KHLJKW QXPEHU RI VKRRWV DQG OHDYHV
length and number of inflorescences were measured
during their florescence. The leaves greenness
index was also specified by means of an NTester(Yara). The measurement is done to
determine the intensity of greenness of leaves and it
consists in calculating the light absorption ratio
related with the presence of chlorophyll at the
2824
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wavelength of 650 nm and absorption through the
leaf tissue at the wavelength of 940 nm [18].
Additionally, at the end of experiment chlorophyll
content in dry matter was also analysed with using
Shoaf and Lium [19] method. Samples for these
measurements were undertaken during phase of
flowering. Chlorophyll a, b and a+b in fresh matter
was firstly analysed .
The main factor determining the moment of
sample collection adopted in the methodological
assumption was the current developmental French
marigold: date I ± seedling phase; date II ± phase of
vegetative development; and date III ± phase of
plant flowering .

Fresenius Environmental Bulletin

RESULTS AND DISCUSSION
Enzymatic analysis. Dehydrogenases activity
in the substrate is regarded as an indicator of the
intensity
of
respiratory
metabolism
in
microorganisms, chiefly eubacteria and actionbacteria [21]. According to Mocek-3áyFLQLDN >@,
the analysis of the dehydrogenases level in a
particular environment gives a possibility to draw
conclusions about the content of organic matter in
the substrate and the degree of its fertility.
As results from the data in Figure 1, apart
from the experimental combination type, the stage
RI SODQWV¶ GHYHORSPHQW ZDV WKH IDFWRU WKDW
statistically significantly affected variation in
dehydrogenases activity in the peat substrate under
French marigold cultivation. These observations
were confirmed in the study by Wolna-Maruwka et
al. [23], where the researchers analysed the
influence of the type of compost produced from
sewage sludge on the activity of selected enzymes
in the aforementioned substrates, where French
marigolds were grown.
The enzymatic analyses proved (Figure 1) that
in most of the experimental combinations under
analysis the highest activity of the enzymes under
study was observed at the second or third term of

Statistical analysis. Statistical analyses were
conducted by means of Statistica 12.0 software
(StatSoft Inc. 2012). Two-way analysis of variance
was used to determine the significance of variation
in the number of groups of microorganisms,
enzymatic activity and morphological traits of the
French marigold, depending on the kind of combination and term of analysis.
0RUHRYHU 7XNH\¶V WHVW DQd Least Significant
Difference (LSD) test were also used and their
results are presented graphically in order to
facilitate interpretation of the obtained differences
in the level of the parameters under study [20].

FIGURE 1
Changes of the dehydrogenases activity in peat substrates with addition of different composts
under French marigold (Tagetes patula L.) cultivation
2825
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of organic matter, which means that plants can
access absorbable forms of nutrients. The analysis
of variations in the activity of acid phosphatase in
the applied compost substrates revealed (Figure 3)
that similarly to dehydrogenases, their activity was
statistically significantly influenced by the term of
analyses and the type of the experimental combination. At the first term of analyses the highest
phosphatase activity was observed in the
combination which had 100% of compost, with
lupine straw as one of its components (K3 I). This
phenomenon was probably caused by the high
content of decomposable phosphorus compounds in
the object (Tables 3 and 4).
During the vegetative growth of French
marigolds (the second term) and at the stage of the
SODQWV¶ IORUHVFHQFH WKH SKRVSKDWDVH DFWLYLW\
increased in most of the experimental objects. It is
most likely that this situation was caused by
variations in the qualitative and quantitative compoVLWLRQRIWKH)UHQFKPDULJROGV¶URRWVHFUHWLRQVRULW
was caused by increased enzyme secretion during
WKH SODQWV¶ JHQHUDWLYH JURZWK 7KHVH REVHUYDWLRQV
DUH FRQILUPHG E\ WKH UHVHDUFK E\ ĩHEURZVND DQG
Ciereszko [28], who found that apart from
microorganisms, plants had significant influence on
the production and secretion of this enzyme to the
environment. Apart from that, according to Yao et
al. [29], the root system functions as a specific
drainage which enables oxygenation of the substrate
and thus, it stimulates the enzyme activity.
As results from the research by Sharma et
al.[30], the phosphatase activity in soil increased
along with the increasing phosphorus deficit caused
by the absorption of this component by growing
SODQWV¶URRWV.

analyses. Increased dehydrogenases activity at these
terms may have been caused by the presence of root
secretions, whose qualitative and quantitative
FRPSRVLWLRQ GHSHQGV RQ WKH VWDJH RI WKH SODQW¶V
development. Walker et al. [24] report that depenGLQJ RQ WKH VWDJH RI WKH SODQW¶V GHYHORSPHQW LW
secrets metal ions, enzymes, flavonoids, oxygen
free radicals, amino acids, saccharides, vitamins,
etc. into the substrate. As results from the research
by Wielgosz and Szember [25], plants root
secretions stimulate the dehydrogenases activity.
The variation in the biochemical activity in the
substrate may also have been caused by different
rates of organic matter decomposition. The research
by Kucharski and Niewolak [26] proves the fact
that the reduced enzymatic activity of the substrate
was correlated with reduced content of organic
substances in the substrate. Apart from that, the pH
value of the substrate may have significantly
influenced the dehydrogenases activity. These
enzymes are the most active at pH of 7-7.8 [21].
The analysis of the data in Figure 2 shows that at
the second and third term of the analyses the pH
value increased in most of the objects under study.
The results of biochemical analyses conducted
during the whole experiment revealed that the
greatest dehydrogenases activity was observed in
objects K2 I, K3 I and K4 I, where no peat had been
added.
Phosphatases are another group of enzymes
which play a significant role in the metabolism of
organic compounds in a particular substrate. These
enzymes indicate the potential of organic
phosphorus mineralisation in the substrate and they
are produced not only by microorganisms but also
by phosphatase plant roots [27]. Their high activity
in the substrate proves the intensive decomposition

FIGURE 2
Changes of the pH value in peat substrates with addition of different composts under
French marigold (Tagetes patula L.) cultivatio
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FIGURE 3
Changes of the acid phosphatase activity in peat substrates with addition of different
composts under French marigold (Tagetes patula L.) cultivation

FIGURE 4
Changes of the urease activity in peat substrates with addition of different composts
under French marigold (Tagetes patula L.) cultivation
It is most likely that this phenomenon was
caused by variation in the qualitative and
quantitative FRPSRVLWLRQ RI WKH )UHQFK PDULJROGV¶
root secretions, because the urease activity also
increased in the control sample. According to
Vallance et al. [32], the root secretions released by
plants contain organic compounds which are rich in
carbon. They differ qualitatively and quantitatively,
depending on the species and variety of the plant,
its stage of development and depending on abiotic
factors, such as: light, pH, substrate humidity and
the content of nutrients in the substrate.
At the stage of the plaQWV¶ IORUHVFHQFH WKH
third term), apart from the control combination and
substrates with the admixture of compost K1, the
urease activity increased again. It was the most
noticeable in object K3 I, i.e. in the compost with
the admixture of lupine straw. This phenomenon
was most likely caused by the low content of
absorbable forms of nitrogen in this combination
(Table 4).

At the second term of the analyses the greatest
phosphatase activity was observed in the
experimental combinations where peat made 75%
of the admixture (K1 IV-K4 IV). On the other hand,
at the stage of florescence the greatest phosphatase
activity was observed in the objects where peat
made 25% of the admixture (K1 II-K4 II).
Apart from determining the acid phosphatase
activity, we also estimated the urease activity in the
substrate samples under analysis. It was exhibited
strong dependence on the content of N-NH4+ in the
substrate [31].
The study (Figure 4) revealed that at the first
term of the investigations the highest urease activity
was observed in object K3 IV, which was
composed of 75% of peat and 25% of lupine straw
compost.
$W WKH VWDJH RI WKH )UHQFK PDULJROGV¶
vegetative growth (the second term of analyses) the
enzyme activity increased in most of the
experimental combinations, but the increase was
stDWLVWLFDOO\LQVLJQLILFDQW Į 01) (Table 5).
2827
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FIGURE 5
Changes of the total eubacteria number in peat substrates with addition of different composts
under French marigold (Tagetes patula L.) cultivation
and functioning are used as indexes in the
assessment of the state of a particular environment
[35].
Heterotrophic eubacteria are one of the most
important groups of microorganisms as they play a
significant role in providing nutrients to plants.
During the experiment the greatest population
of heterotrophic eubacteria was observed at the first
term of the research (the seedling plantation stage),
especially in the objects with the admixtures of
compost K3 ± with addition of lupine straw (Figure
5). Wolna-Maruwka et al. [36] also analysed the
total bacterial number in composts under verbena
hybrid and they found the greatest populations in
the substrates composed of composts based on
sewage sludge, peat and lupine straw.
$W WKH VWDJH RI WKH )UHQFK PDULJROGV¶
vegetative growth (the second term) there was a
statistically significant decrease in the bacterial
count in most of the combinations under analysis. It
was the most noticeable in the objects with the
admixtures of compost K3.
$W WKH VWDJH RI WKH )UHQFK PDULJROGV¶
florescence (the third term) there was another
increase in the population of these microorganisms
in the experimental combinations. These fluctuations in the population of bacteria in the substrate were most likely caused by variations in the
qualitative and quantitative composition of the root
secretions produced by the French marigolds at
consecutive stages of their development.
The composition of root secretions depends
not only on the species or variety of a plant, but also
on its stage of development [37].
As results from the research by Renella et al.
[38], root secretions, such as: glucose, glutamic
acid, citric acid and oxalic acid, significantly
activate the development of microorganisms.

TABLE 5
F test statistics and significance levels of twoway analysis of variance for the number of
selected groups of microorganisms and enzymes
associated; with combination and terms research
fixed factors (Į = 0.01)
Parameter
Dehydrogenases
Phosphatase
Urease
Bacteria
Actinobacteria
Moulds

Term
11.47***
592.68***
85.36***
5857.45***
8662.81***
132.62***

Combination
14.02***
16.16***
13.98***
648.71***
350.58***
14.65***

Interaction
5.09***
7.92***
8.20***
340.53***
1466.71***
12.47***

Changes of enzymes activities are inevitably
connected with changes of the microorganisms
number, and the pH value of the substrate, as
evidenced by the results of statistical analysis
presented in Table 6 and 7.
The highest correlation between the activity
of, microorganisms number and the pH value of the
substrate was observed in the control object. The
enzyme usually correlated significantly with the
analyzed groups of microorganisms in experimental
objects was urease, then acid phosphatase. While,
dehydrogenases revealed the lowest relation to the
number of microorganisms, however similarly as
actinobacteria correlated to the pH value of the
substrate.
Microbiological analysis. Due to the
influence of microorganisms on soil fertility, their
activity and populations are obligatorily controlled
in many countries within the environment monitoring scheme [33].
According to Nannipieri et al. [34], by the
production of extracellular polysaccharides and
other cell metabolites microorganisms affect the
physical properties of the substrate and help to
stabilise its structure. Variations in their populations
2828
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TABLE 6
Correlation coefficients between the enzymatic activity and microorganisms number
Combinations
K
K1
K2
K3
K4

Dehydrogenases

Phosphatase

Urease

Bacteria

Actinobacteria

Moulds

Bacteria

Actinobacteria

Moulds

Bacteria

Actinobacteria

Moulds

-0.92*
-0.02
0.26
-0.97*
-0.04

0.73*
0.13
0.20
-0.22
0.05

0.01
-0.59*
0.32
-0.02
0.53

-0.25
-0.67*
-0.57
-0.82*
-0.11

-0.70*
-0.02
-0.62*
-0.66*
-0.15

-0.98*
-0.03
0.22
0.26
0.41

-0.59*
-0.79*
-0.62*
-0.25
-0.27

-0.46
-0.69*
-0.68*
-0.17
-0.19

-0.96*
-0.43
-0.23
0.18
0.41

*correlation coefficient significant at significance level Į= 0.05

TABLE 7
Correlation coefficients between the enzymatic activity or microorganisms number
and pH value
Combinations

Dehydrogenases

Phosphatase

Urease

Bacteria

Actinobacteria

Moulds

K
K1
K2
K3
K4

0.32
-0.54
0.31
0.68*
0.60*

-0.98*
0.16
0.01
0.07
0.25

-0.83
0.04
-0.17
0.31
0.09

0.05
-0.24
-0.04
-0.29
0.58*

0.87*
-0.18
-0.30
0.04
0.70*

0.95*
0.04
-0.07
-0.22
0.45

FRUUHODWLRQFRHIILFLHQWVLJQLILFDQWDWVLJQLILFDQFHOHYHOĮ 
TERM I

II

III

cfu 10 6 g-1 DM of substrate

3000
2500
LSD0.05=756.83
2000
1500
1000
500

0
K

K1I K1II K1III K1IV K2I K2II K2III K2IV K3I K3II K3III K3IV K4I K4II K4III K4IV

Combinations

FIGURE 6
Changes of the total actinobacteria number in peat substrates with addition of
different composts under French marigold (Tagetes patula L.) cultivation
caused by the fact that peat is a natural habitat of
actinobacteria and their populations are greater than
the count of other microorganisms.
Wolna-Maruwka et al. [23] also analysed the
number of these microorganisms in substrates
composed of peat with admixtures of composts,
where scarlet sage was grown and they observed the
greatest population of actinobacteria in peat by
itself.
During the )UHQFK PDULJROGV¶ YHJHWDWLYH
growth (the second term of the investigations) there
was a rapid decrease in the population of these
microorganisms. Again, it was the most noticeable
in the control sample (peat without compost). On
the other hand, at WKH VWDJH RI WKH SODQWV¶
florescence (the third term) there was a statistically
insignificant increase in the proliferation of
actinobacteria in the experimental objects under
analysis. Similarly to eubacteria, it is most likely
that differences in the populations of actinobacteria

Actinobacteria
were
another
group
of
microorganisms, whose dynamics of growth was
assessed in the experiment (Figure 6). Their role is
related with the mineralisation of both simple and
hardly decomposable organic compounds, e.g.
lignins. As a result of the production of metabolites,
such as antibiotics, pigments and vitamins, they
have influence on the accompanying microflora in a
particular substrate [39].
The microbiological analysis of the substrates
proved that during the experiment there were
analogous variations in the populations of these
microorganisms to the variations in the total count
of eubacteria and they were statistically
significantly related Į 001) with the term of
collection of substrate samples (Table 5).
During the experiment the greatest populations
of actinobacteria were observed at the first term of
the analyses, especially in the control sample, i.e.
peat. According to Szember [40], it may have been
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TABLE 8
The influence of substrate on morphological parameters of French marigold
Trait

Combination
control
100% compost
Height of plant (cm)
75%compost +25%peat
50% compost+50%peat
25% compost+75%peat
control
100% compost
Number of shoots
75%compost +25%peat
50% compost+50%peat
25% compost+75%peat
control
100% compost
Diameter of shoots
75%compost +25%peat
(mm)
50% compost+50%peat
25% compost+75%peat
control
100% compost
Number
of
75%compost +25%peat
inflorescences buds
50% compost+50%peat
25% compost+75%peat
control
100% compost
Number
of
75%compost +25%peat
inflorescences
50% compost+50%peat
25% compost+75%peat
control
100% compost
Greening index of
75%compost +25%peat
leaves (SPAD)
50% compost+50%peat
25% compost+75%peat

K1
12.0 b
13.3 c
14.9 d
14.2 d
13.4 c
3.8 c
3.7 c
3.9 c
4.0 d
3.4 bc
4.3 b
4.4 b
4.0 b
4.2 b
4.4 b
9.6 d
10.1 d
9.2 d
7.6 c
6.3 bc
3.6 b
3.8 b
5.0 c
4.4 c
4.3 c
41.2 c
40.5 c
37.7 b
34.9 a
37.7 b

K2
12.0 b
12.1 b
14.2 d
13.2 c
13.0 bc
3.8 c
3.0 b
3.9 c
4.2 d
3.2 bc
4.3 b
4.0 b
3.6 a
4.4 b
4.0 b
9.6 d
5.5 b
5.8 b
5.8 b
4.2 b
3.6 b
3.6 b
3.5 b
3.4 b
3.2 b
41.2 c
39.1 bc
37.6 b
37.9 b
36.8 b

K3
12.0 b
8.6 a
8.5 a
9.7 a
13.8 c
3.8 c
1.9 a
1.7 a
2.4 ab
4.4 d
4.3 b
4.2 b
6.3 c
8.6 d
3.6 a
9.6 d
6.8 bc
7.9 c
13.3 e
8.2 c
3.6 b
3.4 b
41.2 c
34.8 a
38.9 b
37.7 b
37.5 b

K4
12.0 b
11.2 b
12.1 b
13.1 c
13.1 c
3.8 c
2.8 b
3.9 c
4.6 d
3.6 c
4.3 b
3.2 a
3.7 ab
3.4 a
3.7 ab
9.6 d
4.1 b
4.3 b
4.0 b
2.9 a
3.6 b
1.9 a
3.4 b
3.3 b
2.7 a
41.2 c
30.4 a
37.6 b
34.3 a
32.5 a

a-e ± means followed by the same letters do not differ significantly at Į .05
at the consecutive stages of the )UHQFK PDULJROGV¶
development were caused by variations in the
qualitative and quantitative composition of root
secretions.
Apart from eubacteria and actinobacteria,
moulds play a significant role in the circulation of
nutrients in soil. Being saprophytes, they cause very
intensive processes of organic matter mineralisation
and thus, they increase soil fertility [41].
At the first term of the analyses the greatest
population of these microorganisms was observed
in the control sample and in object K3 III (Figure
7). At the stage of vegetative growth of the French
marigolds (the second term of the investigations)
the intensity of proliferation of moulds depended on
the type of the experimental combination. At the
VWDJH RI WKH SODQWV¶ IORUHVFHQFH VLPLODUO\ WR
eubacteria and actinobacteria, there was an increase
in the population of moulds and it reached the
highest value in substrate K3 IV, which was
composed of 75% of peat and 25% of compost
made from sewage sludge, sawdust and lupine
straw. These research findings confirm the
observations made by Wolna-Maruwka et al. [36].

Plants analysis. The substrates used in the
experiment exerted diversified influence on the
growth and florescence of the French marigolds
(Table 8).
The statistical analysis revealed that compost
K1 added to peat stimulated the growth of the
plants, regardless of its percentage in the substrate.
Also, the plants grown in substrates with 75%, 50%
and 25% of compost K2 (K2 II-IV) and in
substrates with 50% and 25% of compost K4 (K4
III-IV) were taller than the control plants. As
Nascimento et al. [42] report, sewage sludge can be
used as a substrate for sowing French marigold
seeds, which germinate fastest when they are grown
in sewage sludge by itself. Like in our research, at
later stages of development substrates with an
admixture of sewage sludge stimulated the growth
of plants. Substrate K3 had negative influence on
the growth, except the combination with the
smallest share of compost in the substrate (K3 IV).
Also, the research by Dobrowolska et al. [43]
revealed that a higher percentage of sewage sludge
in peat inhibited the growth of impatiens.
According to Raviv et al. [44], sewage sludge
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also relatively high in combinations K2 I and K4 I
(Figure 8). there were similar observations about
the content of chlorophyll b, but the diversification
was not so noticeable (Figure 9). As far as the
content of chlorophyll a+b is concerned, there were
similar tendencies to chlorophyll a, but there was
noticeable domination in combination K1 I (Figure
10).
The positive influence of sewage sludge
fertilisation on the content of chlorophyll a and b
was observed in a study on grasses [45]. The
application of sewage sludge has positive influence
as it increases the content of chlorophyll [46]. Other
studies also revealed that the application of certain
amounts of sewage sludge had positive influence on
the content of chlorophyll and biometric indexes
[47]. Therefore, it is recommended that compost
with addition of sewage sludge should be applied
with due care when it is combined with other
sources of nutrients.

should be mixed with peat, as it minimises the
negative influence of sludge on its own.
In our study the greatest number of shoots was
observed on the plants grown in the substrate
composed of 50% of compost K1 III, K2 III, K4 III
and 75% of compost K3 (K3 II). On the other hand,
composts K1 and K2, except combination K2 III
with a 75% share of the compost in the substrate,
did not have significant influence on the diameter of
the shoots. The greatest diameter of the shoots was
observed in the plants grown in the substrate with
75% and 50% of compost K3 (K3 III-IV).
Apart from that, the univariate analysis of
variance revealed that the type of the substrate had
hiJKO\ VLJQLILFDQW LQIOXHQFH Į   RQ WKH
content of all forms of chlorophyll. The detailed
analysis revealed that in all combinations under
study the amount of chlorophyll a was higher or
comparable to the control sample. The greatest
amount was observed in the plants from
combination K1 I. The amount of chlorophyll a was

TERM I

II

III

cfu 10 4 g-1 DM of substrate

400
350
LSD0.05=110.66
300

250
200
150
100
50
0
K

K1I K1II K1III K1IV K2I K2II K2III K2IV K3I K3II K3III K3IV K4I K4II K4III K4IV
Combinations

FIGURE 7
Changes of the total moulds number in peat substrates with addition of different
composts under French marigold (Tagetes patula L.) cultivation

FIGURE 8
Chlorophyll a content in French Marigold leaves cultivated in various medium
conditions (means ±SE; different leWWHUVGHQRWHVLJQLILFDQWGLIIHUHQFHVDWOHYHOĮ 
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FIGURE 9
Chlorophyll b content in French Marigold leaves cultivated in various medium
FRQGLWLRQV PHDQV6(GLIIHUHQWOHWWHUVGHQRWHVLJQLILFDQWGLIIHUHQFHVDWOHYHOĮ 

FIGURE 10
Chlorophyll a+b content in French Marigold leaves cultivated in various medium
FRQGLWLRQV PHDQV6(GLIIHUHQWOHWWHUVGHQRWHVLJQLILFDQWGLIIHUHQFHVDWOHYHOĮ 
6. Sewage sludge composts can be used as
components of substrates in French marigold
cultivation. However, the quality of plants depends
on the composition of compost and its percentage in
the substrate.

CONCLUSIONS
1. The research revealed that the metabolic
activity of microorganisms in peat combinations
with different doses of composts was greater than in
peat by itself (the control sample).
2. The research also revealed that different
doses of composts added to peat stimulated the
growth of eubacteria and moulds the most, whereas
they stimulated the growth of actinobacteria to a
lesser extent.
3. The development of bacteria and moulds
was stimulated the most by compost K3 (the
compost made from sewage sludge and lupine
straw), whereas the proliferation of actinobacteria
was stimulated the most by compost K1 (the
compost made from sewage sludge and wheat
straw).
4. The stage of development of French
marigolds proved to be one of the main determinants of variations in the populations of the
microorganisms under study and dehydrogenases
activity.
5. All the combinations under study had
positive influence on the content of chlorophyll a
and b, as compared with the control sample.
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EVALUATION OF THE EFFECTS OF ETHEPHON ON THE
BIOLOGICAL PARAMETERS OF MODEL ORGANISM
GALLERIA MELLONELLA L. (LEPIDOPTERA: PYRALIDAE)
Hulya Altuntas*, Sumeyra Nur Sanal Demirci, Emine Duman
Anadolu University, Faculty of Science, Biology Department, 26470 Eskisehir/ TURKEY

PGRs cause death of insect pests by their toxic
impacts; causing survival, developmental and
reproductive [4-13]. It was also showed that indol-3acetic acid (IAA) and gibberellic acid (GA3),
belonging to two major classes of PGRs, the auxins
and gibberellins, respectively, have toxic effects on
the host and its parasitoid [6-13]. Studies on the
ecological effects of ETF were related to human and
higher animals, birds and aquatic organisms [2, 1417]. These studies data indicated that ETF is
practically nontoxic to slightly toxic on animals. On
the other hand, the possible biological effects of ETF
on insects that are important components of the
ecosystem are unknown and also there is no study on
the G. mellonella as a model insect in the literature.
G. mellonella (L.) (Lepidoptera: Pyralidae) is
located almost everywhere on earth. It is a pest for
beekeeping and used as a host for rearing biological
control agents. This species is also evaluated in many
different physiological and toxicological studies [11,
18-20]. It is well known that G. mellonella is an
excellent model organism which can be used instead
of mammalian species for in vivo toxicity and
pathogenicity studies because working with
mammals is difficult, expensive and does not
provide rapid information about adverse effects of
environmental chemicals [20]. Hence, we aimed to
determine of the effects of ETF in artificial diet on
the life parameters, which are survivorship,
developmental time and adult longevity of the G.
mellonella.

ABSTRACT
In this study, the biological effects of the
ethephon (ETF), which is an organic phosphorus and
ethylene generating commercial compound, were
determined on the model organism, the greater wax
moth Galleria mellonella L. (Lepidoptera:
Pyralidae). The median lethal dose (LD50) of
ethephon were determined in the larval stage,
incorporating into artificial diets at concentrations of
48, 96, 144, 192, 240, 384, 408, and 432 mg/ml using
probit analysis. The larval-pupal weights, larval and
pupal developmental time and adult longevity were
examined over the treatments. The LD50 doses of
ethephon was determined as 353.53 mg/ml. All
doses of ETF treatments caused significant decreases
in the developmental time of larval and pupal stages
and adult longevity of model organism G.
mellonella. The larval-pupal weights also decreased
in all treatments when compared with untreated
control. Our work showed that ETF has detrimental
effects on biological fitness of insects and future
studies should aim to determine the ecophysiological
mechanisms of toxicity.
KEYWORDS:
Ethephon, Galleria mellonella,
Survival, Model Organism

Biological

Effects,

INTRODUCTION
Ethephon (ETF) is the most important synthetic
plant growth regulator. It is converted into ethylene
and absorbed by the plant tissues to regulate plant
growth and development [1]. It is widely used on
rice, pineapple, white, coffee, tobacco, cotton, etc.
for promoting flower induct-ion, fruit coloration and
fruit abscission [2]. In our country, various trade
products including ETF such as efhun, ergamon,
ephtal, derim extra flordimex, exit, etc., are also used
to promote the opening of cotton balls and early
ripening of green tomatoes [3]. Hitherto, several
studies have been performed about the effects of
various plant growth regulators on the insect
metabolism. These previous studies reported that

MATERIALS AND METHODS
Insect rearing. Galleria mellonella colony was
maintained by feeding the insects with a modified
Bronskill (1961) artificial diet including 340 g of
bran, 20 g of pollen, 75 ml of filtered honey, 150 ml
of glycerol, 100 g of ground old dark honeycomb and
75 ml of distilled water [21]. All stock and
experimental laboratory cultures were maintained in
$QDGROX8QLYHUVLW\(VNLúHKLU7XUNH\DW °C,
60 ± 5% RH, and a photoperiod of 12:12 (L: D) h.
Biological assays. First, the technical ETF
(Sigma, St. Louis, MO) was incorporated into the
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larval diet at doses of 24, 48, 96, 192, 384, 408, 432,
456, 480 mg/ml to determine of median lethal doses
for larval stage and % survival to pupal and adult
stage of G. mellonella. An individual mating pair of
1-2-d-old G. mellonella adults was placed in each of
1-L jars containing 1 g honeycomb to provide a
mating and oviposition substrate. After oviposition,
eggs were observed until emergence of first instars.
Each first instars were transferred to sterile plastic
box (50 ml) and exposed to 10 g of diet treated with
different doses of ETF (24-480 mg/ml), and larval
mortality was checked daily until pupation.
According to larval mortality results, medial lethal
dose of ETF (LD50) was determined with Probit
analysis. At same time, surviving last instar larvae
were transferred into another plastic box including
filter paper for pupation. Thus, the percentages of
survival to pupal and adult stages were recorded to
survivorship assay.
The second series of biological assays were
performed with eight different doses of ETF (48, 96,
144, 192, 240, 384, 408, and 432 mg/ml) solution.
Similarly, first instars were transferred to sterile
plastic cups (20 ml), and exposed to 2 g of artificial
diet treated with different doses of ETF. ETF-free
diet was used for control group. Both experimental
and control group diets were replenished five times
(totally 10 g) until 7th instars reached approximately
0.17 ± 0.01 g in weight to maintain a selection
standardization. Cups were covered with a mesh
cloth (100 mesies/cm2) and held under the same
environmental conditions mentioned above. The day
the eggs hatched was considered as the first day of
the larval developmental time. The time required for
completion of larval and pupal stages were recorded
as were the adult longevity.
Assays for each experimental and control group
were replicated three times with fifteen larvae
completely randomized from different populations at
different times.

samples test) was performed and subsequently
significant differences were deter-mined using
Mann-Whitney U tests in SPSS program.

RESULTS
To investigate the effects of dietary ETF on the
survivorship, developmental times, and adult
longevity of G. mellonella, different doses of ETF
solution were directly incorporated into larval diet.
ETF at the 24, 48, 96, 192, 384, 408, 432, 456, 480
mg/ml doses significantly decreased the survivorship of model insect G. mellonella. Probit analysis,
showed that the LD50 dose of ETF exposed to diet of
G. mellonella larvae was 358.92 (95% confidence
limits; 328.41 ± 392.85) mg/ml (X2= 11.951, df= 8,
P= 0.153), as well as the survival percentages from
first instar larva to pupation were significantly
decreased at doses >24 mg/ml when compared with
untreated group (Table 1). These results were also
shown in a dose-depended manner (F= 225.159; df=
9, 20; P= 0.000) and % survival to pupal stage was
only 20% in the highest dose (480 mg/ml) of ETF.
Similar results also occurred in the survival to adult
stage. However, a 100% mortality in survivorship to
adult stage was recorded at the highest doses tested
as of 456 and 480 mg/ml when compared with the
survivorship to pupal stage (Table 1). In addition, the
survival from pupal stage to adult stage was
decreased drastically in all experimental groups
when compared with control (F= 250.556; df= 9, 20;
P= 0.000) and this decrease was also in a dose
dependent manner (Table 1).
TABLE 1
The percentages of survival to pupal and adult
stages of G. mellonella fed on different doses of
ETF in larval diets.
% survival to
% survival to
ETF
adult stage
pupal stage
doses*
Mean ± SE
(mg/ml)
Mean ± SE
100 ± 0.00a
100 ± 0.00a
Control
95.6 ± 0.33a
91.1 ± 0.66b
24
88.9 ± 0.33b
77.8 ± 0.33c
48
80.0 ± 0.00c
64.4 ± 0.33d
96
71.1 ± 0.33d
51.1 ± 0.33e
192
55.6 ± 0.33e
33.3 ± 0.00f
384
48.9 ± 0.33f
24.4 ± 0.33g
408
40.0 ± 0.33g
13.3 ± 0.57h
432
31.1 ± 0.33h
0.00 ± 0.00i
456
20.0 ± 0.00i
0.0 ± 0.00i
480
*Average for three assays, each with 15 larvae per
treatment. Means within a column followed by the
VDPH OHWWHU DUH QRW VLJQLILFDQWO\ GLIIHUHQW 3
LSD)

Statistical Analysis. According to the larval
mortality data, median lethal dose (LD50) of
commercial ETF with associated 95% confidence
levels (P < 0.05) was determined using Probit
Analysis in Statistical Package for the Social
Sciences (SPSS) software (version 18.0 for
Windows, SPSS Science, Chicago, IL). Survivorship data were analyzed with a chi-square test (X2) in
SPSS. The differences were statistically significant
when the F and X2 > 0.05. Also, one-way analysis of
variance (ANOVA) tests were performed to compare
the survival to pupal and adult stage. To define
significant differences among means, the least
significant difference (LSD) test was used. Doserelated changes in the means of larval, pupal
developmental time and adult longevity were also
checked to normality of data distribution. All data
were not normally distributed, so nonparametric
statistical test: Kruskall Wallis (K-independent

Exposure to a diet containing different ETF
doses resulted in a remarkable shortage in larval (X2=
103.679; df= 8,196; P < 0.001), pupal (X2=101.975;
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df= 8,196; P < 0.001) developmental time, and adult
longevity (X2= 96.194; df= 8,196; P < 0.001) for G.
mellonella. Larval development from first instars to
early pupa (1-d-old) at 27 °C normally required
30.76 ± 0.47 d. However, developmental time of
larvae reared on ETF-treated diet was shorter than
that of controls at all doses. ETF treatment did the
most significant effect on the larval developmental
time with more than 37% decrease at doses >384
mg/ml when compared to untreated larvae (Table 1).
Pupal developmental time decreased in all doses of
ETF exposure with respect to control, but this
decrease was not as much as seen in the larval
developmental time and dose dependent manner.
The shortest period of pupal developmental time was
recorded as 8 d at the dose of 384 mg/ml. On the
other hand, adult longevity was considerably
affected from ETF treatment and decreased at doses
>192 mg/ml. Collectively, adults completed larval
and pupal development at an average of 14 d earlier
than controls at doses >384 mg/ml (Table 2).

due to the decrease in egg-larval developmental time
at the highest dose tested [8]. A similar effect was
also observed here with ETF treatment that larval
developmental time shortened with more than 37%
at doses >384 mg/ml. However, data of another
previous report on IAA (an auxin type PGR)-treated
pests in diet did not address considerable effects on
egg hatching, larval, pupal developmental, adult
emergence times, and adult life span of G. mellonella
upon treatments. There appeared only slight
increases in egg hatching and larval developmental
times, decreases in pupal developmental time, and
both in adult emergence time were recorded at most
of the doses. The most striking effect observed was
a decline in pupal developmental time of G.
mellonella by >47% at the highest dose tested [10].
Collectively, these results are expected, because
authors reported growth and development-inhibitory
effects on pest species with a considerable decline in
larval survival of oriental leafworm moth,
Spodoptera litura F. (Lepidoptera: Noctuidae)
beyond 200 ppm of GA3 and 100% mortality in
melon fruit fly, Bactrocera cucurbitae (Coquillett)
(Diptera: Tephritidae) first instars at high
concentrations, respectively [4, 24-26]. On the other
hand, Gupta et al. (2009) also reported that GA3 and
siapton (an amino acid-based plant growth stimulant)
caused an increase in the larval period of the hairy
caterpillar, Spilarctia oblique Walker (Lepidoptera:
Arctiidae) at high doses but no difference was
observed in the pupal period [5]. However, they also
observed that triacontanol (a saturated long chain
alcohol that is known to have a growth promoting
activity) did not cause any significant difference in
larval or pupal period at any dose tested. Thus, the
effects of plant growth regulators are variable on
insects. Besides data reporting slight toxic effects of
ETF on honeybees and no honeybee chronic toxicity
data are available for this chemical. On the other
hand, Altuntas determined that total protein, lipid,
and glucose content in hemolymph of G. mellonella
last instars decreased following ETF treatment [27].
Combined with these results and other studies
emphasizing the use of lipids and glucose in cell
repair and lipoprotein formation [28] and the
increased protein catabolism, this issue may be
related with a physiological adaptability to
compensate for ETF induced stress. Because animals
require high energy under stress conditions, the
energy demand may have led to the stimulation of
protein catabolism [29]. Therefore, the present study
LQGLFDWHG WKDW WUHDWPHQW RI ODUYDH ZLWK /'50 ETF
doses might induce physiological responses in
defense metabolism of insects, because dietary ETF
treatments with LD50 doses showed negative
influence on biological fitness of G. mellonella. In
particular, survivorship of pupal stage was lower
than larval stage at the high doses of ETF. These
findings also supported the reasons why adult
longevity shortened at the LD50 (7) GRVHV In

TABLE 2
Changes in the larval, pupal developmental and
adult longevity time of G. mellonella fed on
different effective doses of ETF solution
incorporated into diet.
ETF
Doses
(mg/ml)
Control
48
96
144
192
240
384
408
432

Mean ± SE*
Larval
Pupal
Development
Development
al Time (day)
al Time (day)
30.76±0.47a
13.51±0.16a
27.40±0.45b
9.37±0.34b
25.86±0.65bc
9.52±0.38b
25.57±0.55c
9.43±0.41bc
25.92±0.68c
10.16±0.45bd
23.50±0.47d
9.94±0.51bd
22.50±0.42d
8.00±0.44c
19.33±0.73e
11.22±0.22d
19.17±0.48e
10.50±0.22bd

Adult
Longevity
(day)
13.98±0.35a
10.29±0.76a
14.38±0.58a
13.04±0.46a
11.36±0.41b
10.06±0.36b
7.17±0.63c
8.22±0.22c
7.67±0.33c

*Average for three assays, each with 15 larvae per
treatment. Means within a column followed by the
VDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQW 3independent samples test: Mann-Whitney U).

DISCUSSION AND CONCLUSIONS
Several studies have revealed that the
application of ETF as a plant growth regulator to
plants indirectly induces plant defense responses
against and increases resistance or tolerance of plants
to insect pests [22, 23]. However, this study is the
first report about the biological effects of ETF in diet
on the survivorship and life parameters of insects. In
terms of biological effects of plant growth regulators
on the same species, our previous work
demonstrated that GA3 (a gibberellin type PGR) had
consistent negative effects on the pre-adult
developmental time of G. mellonella with >35%
shortage in overall time to adult exclusion largely
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conclusion, data obtained here indicates that ETF is
a hazardous material and adversely affects insects
via physiological alterations like other insecticides in
a dose dependent manner when received dietarily.
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INTEGRATION OF STRATEGIC ENVIRONMENTAL
ASSESSMENT INTO URBAN DEVELOPMENT PLANS IN
TURKEY: CASE STUDY OF ADANA CITY
Nuriye Say*, Sinem Ozyurt Okten
Department of Landscape Architecture, Faculty of Agriculture, University of Çukurova, 01330 Adana, Turkey

However, despite the recognizable contribution to
preventing environmental problems that this has had,
there is considerable debate on the limitations of its
applicability to current projects, especially regarding
the effects of new environmental challen- ges. The
dynamic landscape of development poli- tics and the
changing economic and political relationships
between countries has led to new developments in
EIA approaches, which in turn have brought about a
need to strengthen and refine the instruments used
for EIA. At the same time, widening the scope of
EIA is also an important concern [1]. Owing to
limitations in how compre-hensively certain fields
and activities are considered in project planning, EIA
does not provide sufficient information for all
strategic decisions. Strategic environmental
assessment (SEA) is therefore commonly used as a
more comprehensive environ-mental assessment
system at project level assess-ment and planning.
SEA, which was developed as a consequence of
the insufficiency of EIA, has an important role in
planning and decision making procedures. Its role is
to legally ratify land use plans. SEA in particular is
used for this legal purpose in the developed
countries. The Turkish draft SEA regulation was
prepared in 2005, as a result of the European Union
(EU) directive on SEA (2001/42/EC). Figure 1
provides a flowchart of integrated environmental
management (IEM) stages. Both EIA and SEA are
implemented in different stages of development
processes, and complement each other. It can be seen
that IEM consisted of several stages, of which EIA
and SEA are the main parts. Both EIA and SEA are
implemented in different stages of the development
process, and are integrated with each other as a
comprehensive environmental assessment system.
6D\>@VWDWHVWKDW6($SUDFWLFHV¶OHJDOSRZHU
is mostly restricted to developed countries.
However, the implementation of SEA also has a key
role in developing countries that have set sustainable
development as a goal. So far, short-term economic
income has been the primary approach that the
development processes in these countries have
followed. It is therefore unsurprising that
environmental factors are often disregarded in

ABSTRACT
Strategic environmental assessment (SEA) has
been an area of development and discussion for the
last decade in Turkey. It is stated in the tenth article
of the environment law (26th April 2006) that related
subjects and details for integrating SEA will be
reviewed in upcoming SEA regulation. A draft SEA
regulation has been prepared by the Turkish Ministry
of Environment and Urbanization. However, legal
issues relating to the application process and
methods used for SEA continue to be discussed. The
fourth article of the draft regulation lists spatial plans
covered by SEA. This article presents some of the
results of a research project on the integration of
SEA into urban development plans in Turkey. This
project aims at analyzing the possible opportunities
for SEA in Turkey, and the practicability of
integrating SEA into urban development plans. The
research is conducted in two parts. In the first part,
procedural approaches to SEA in environmental
plans are investigated, and a framework for these
approaches is adapted at the institutional level. In the
second part, various forms of SEA in practice are
investigated for use in urban development plans in
Adana city. This paper focuses on this part of the
research and presents a spatial decision support
approach using GIS-based multicriteria decision
analysis integrated with ordered weighted averaging
(OWA) and analytical hierarchy process (AHP). The
results of the research indicate that local
governments need a legal SEA framework for
optimal spatial decision-making in Turkey.
KEYWORDS:
Strategic environmental assessment (SEA), Adana, Urban
development plans, Land use planning.

INTRODUCTION
Environmental impact assessment (EIA) has
been routinely applied to projects to address
HQYLURQPHQWDO LVVXHV YLD ³SUHYHQWDWLYH HQYLURQPHQWDOSROLWLFV´IRU PDQ\ \HDUVLQ PDQ\FRXQWULHV
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FIGURE 1
Relationship of the development tools within integrated environment management in Turkey [2, 3, 4]
3) In light of the aforementioned reasons, it is
necessary to develop new application methods
and models
4) Differences in administrative structures for
planning and decision making in different
countries
5) Differences in legal processing of SEA
For the abovementioned reasons, countries that
have adopted SEA into their legislations and are in
the initial phase of the implementation process (such
as Turkey) should investigate app-ropriate
application methods of SEA across differ-rent
sectors. Having analyzed the theoretical con-text of
SEA, as derived from literature [2, 5, 6, 12, 13, 14,
15, 16], the EU SEA Directive (2001/42/-EC) and
United Nations (UN) SEA Protocol (21 May 2003),
it can be concluded that urban development plans in
Turkey are one of the most important planning areas
that can be evaluated within the scope of SEA.
Preparing urban develop-ment plans, which in turn
influence both natural and socio-economic factors in
connection with urban population increases, is a
routine and compulsory task within the scope of
developing urbanization for local administrations.
7KLV UHVHDUFK SURMHFW IXQGHG E\ 78%ø7$.
(The Scientific and Technological Research Council
of Turkey) aims at analyzing the possible practice
opportunities of SEA in Turkey and the opportunities
for applying SEA into urban development plans
which determine decisions on land use. This research
is conducted in two sections. In the first section,
procedural approaches to SEA on development plans
are investigated and a framework for these
approaches is adapted at the

this approach. Thus, policies must be introduced to
address rising environmental problems and to reduce
SROOXWLRQ ³3UHYHQWLYH HQYLURQPHQWDO SROLF\ WRROV´
such as EIA and SEA arise as a result of the influence
of international relationships, organi-zations,
external financial sources for investments,
nongovernmental organizations and public pressure,
and have been demonstrated as effective.
There are interdependent relationships between SEA practices, the administrative system, and
decision making procedures in many countries. This
has resulted in changes of practices within the scope
of SEA and other procedures in some countries. Say
and Yücel [3] grouped the topics that required
strategic decision-making processes for Turkey into
five groups, according to the national and international SEA systems described by Sadler and
Verheem [5] and the SEA practice fields deter-mined
by Partidario [6], Buckley [7], Goodland [8], Abaza
[9], Say [10], Abaza et al.[11] and the SEA Directive
of the EU (from 27 June 2001). One of the groups
WKH\ LGHQWLILHG LV µ3K\VLFDO 3ODQV¶ ZKLFK FRYHUV
urban master plans prepared by the municipalities.
Since SEA first appeared at the end of the 1980s
and in particular after the publication of the SEA
Directive in 2003, scientific literature on SEA
principles and application methods has been rapidly
accumulating.
When the SEA experiences of some countries
are evaluated, it can be seen that some methods and
applications in use are questionable. The reasons
behind this situation are summarized as follows:
1) SEA is theoretically a new and still-developing
tool, and its scope is too large
2) There are limited practical studies in some fields
2841
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TABLE 1
Planning hierarchy in Turkey [4].

NATIO
NAL
LEVEL
REGIONA
L LEVEL

SOCIAL-(&2120ø&
PLANS

PLANNING TYPE

Frame-Scale/ Responsible Authority

National Development Plan

Regional Plan

Written statements - country plan / Prime
Ministry State Planning Organization

-Macro-economic targets,
-Sector aims, objectives and policies,
-Social development aims

Written statements - regional plan / Prime
Ministry State Planning Organization

-Resources management,
-Preparation of sector plans and programs so as to
attain determined economic, social and physical
aims

Sub region, province ± 1/100000, 1/25000
Local Governments

Urban Master Plan

Urban-1/2000, 1/5000
Local Governments

Implementation Plan

Urban -1/1000
Local Governments

Tourism development plan

Special aimed plans

LOCAL LEVEL

PHYSICAL PLAN

Environmental Plan

Scope

-Land uses decisions for sectors
-Managing or orientating urban and rural
developments
-Ensuring the consideration of ecological,
economical, cultural, social and physical
values integrally
-Determining the utilization decisions for
protection of natural sources
-Local land uses decision
-Local land use density
-Dense built-up areas
-Road and technical infrastructure

Subregion-1/1000, 1/5000 Culture and Tourism
Ministry

Reclamation development
plan

Urban-1/5000
Local Governments

Rural development plan

Rural-1/1000 ± Special Provincial
Administration

Special protected area plan

Protected area ± Environment and Forestry
Ministry

to incorporate the guidance of socioeconomic and
regional plans, applying them to specific spaces.

institutional level. In the second section, an application model for urban development plans, which
takes both the administrative structure and the
decision-making mechanisms of central and local
governments in Adana city into consideration, is
developed.

Urban master planning preparation process.
Authorities and their duties, as determined by
various legal regulations involved in the preparation
process of the development plan, are given in Table
2. As seen in the table, munici- palities and
governorates are mainly responsible for the
preparation and ratification of development plans.
The relevant municipality is responsible for both
preparation and ratification of plans within the
boundaries of the municipality and adjacent areas.
According to Building Law, No. 3194, the
process of preparation and approval for urban
development plans includes seven phases (Table 3).
These are:
1. Planning decision making by the municipal
council
2. Preliminary work
3. Determining the methods to use to prepare the
development plan, and starting these studies
4. Author studies on the plan
4.1. Analytical surveys
4.2. Plan preparation
5. Determination of conformity of the plan with
the technical supervision of the municipality/
provincial bank
6. Appeal evaluation plan with the technical
supervision of the municipality/provincial bank
7. Approval by municipal council

SPATIAL PLANNING SYSTEM IN TURKEY
Planning hierarchy. Simply planning with a
holistic approach can be an effective instrument,
performed in a conventional hierarchical system.
The stages of planning in administrative system of
Turkey have been determined by a number of
different laws. Planning and the related laws have
been described in a hierarchical range, as outlined in
Table 1. For example, all plans for public and private
structures to be constructed both inside and outside
municipal boundaries and adjacent areas are
governed by building law no. 3194. According to
this law, plans can be listed as either socio-economic or physical plans. Socioeconomic plans relate
to issues at a national or regional level. The aim of
socioeconomic plans is to set general prin-ciples
with concrete development at this level. Physical
plans are also divided into two sub-groups: regional
and local physical plans. Local physical plans in
particular are important tools for providing better use
of space. Local physical plans should be developed
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TABLE 2
Institutions and their duties in the preparation and confirmation process of the development plans
1.Municipalities

1.1.Municipal council

2.Governorate

2.1.City council

3.The Ministry of Public Works and Settlements*-General
Directorate of Provincial Bank-Department of Development
Planning
4.Ministry of Environment and Urban Planning- General
Directorate of Nature Conservation and National Parks
5.Environmental Protection Agency for Special Areas
6.Ministry of National Defense (Military zone)
7.Ministry of Transport (Harbor, airport)
8.Ministry of Food, Agriculture and Livestock
9.The Prime ministry World Bank Project Implementation
Unit
10.The Prime ministry World Bank Project Implementation
Unit

Within the boundaries of the Municipality and Contiguous areas:
-Prepare development plans
-Confirm the base maps
-Prepare the 5-year development plans for the implementation of the development plan
approved by the municipal council
-Evaluate and confirm the development plans
-Evaluate objections
-Confirm development programs
Outside the boundaries of the Municipality and Contiguous areas:
-Prepare development plans
-Confirm the base maps
-Prepare the 5-year development plans for the implementation of the development plan
approved by the city council
-Evaluate and confirm development plans
-Evaluate the objections and make amendments
-Confirm development programs
-Prepare development plans and review them for authorization by the municipal council
-Provide advice and support to municipalities for the implementation of plans
-Conduct and confirm geological and geotechnical studies (Disaster and Emergency
Management Presidency is able to do the same job)
With regard to the areas in their respective fields:
-Decision
-Preparation plans
-Confirmation

* Ministry of Public Works and Settlements carries out its activities as Ministry of Environment and Urban Planning by Statutory Decree No. 644
published on 4th of July,2011 in the Official Gazette.
TABLE 3
Preparation and approval process of development plans at the municipal scale
1.

Plan Decision Making (Municipial Councils)

2.

Preliminary work
x Obtaining up-to-date (Current Status) Maps
x Determining the Cadastral Status (Ownership structure)
x Conducting the Geological Survey
x Survey of Values to be Protected in Terms of Natural and Historical Perspective
x Investigation of Economic Development Decision and Infrastructure at the National Scale Given to the Settlement and The Region (State
+\GUDXOLF:RUNV '6ø 7XUNLVK&ULPLQDO,QVWLWXWLRQ 7&. 7XUNLVK6WDWH5DLOZD\V 7&'' 7XUNLVK(OHFWULFLW\7UDQVPLVVLRQ
&RPSDQ\ 7(ø$ù HWF

3. Determination of the Methods to use for the Development Plan and Starting the Studies

4.
4.1.

4.2.

Author Studies on the Plan
Analytic Surveys
A ± Analysis
x Description of the area and Location of the Settlement
x Historical Development
x Physical Data
x Population Growth
x Economic Structure
x Social Structure
x Planning Tools and Financial Conditions
x Determination of Land Use Forms
B ± Synthesis
x Evaluation of the Physical Structure and the determination of the thresholds cannot be exceeded
C ± Evaluation and Overall Results
x Population Growth Predictions
x Evaluation of Social and Economic Information
x New Spatial Regulation Predictions
D- Planning Decisions
Plan Preparation

5.

Determination of Conformity of the Plan (Municipality/Provincial Bank Technical Supervision)

6.

Appeal Evaluation (Municipal Councils/ Provincial Bank Technical Supervision)

7.

Approval (Municipal Councils)
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In Turkey, very complicated procedures for
urban planning preparation and approval processes
make SEA integration difficult to integrate into
XUEDQ SODQQLQJ $FFRUGLQJ WR 6($¶V JHQHUDO
principles, urban planning processes, and the SEA
regulation draft in Turkey (Figure 2) the SEA
process is based on six phases: screening,
determination of the scope, the preparation of the
SEA report, quality control, decision making and
monitoring.

In the first phase of the process, the areas
limitations on which planning are to be made by
municipal councils are determined. The second
SKDVH LV FDOOHG WKH ³3UHSDUDWRU\ 6WXG\´ ,Q WKLV
phase, the existing land and structures are surveyed,
then mapped. In the third phase, after defining the
approximate size and planning budget, the type of
the development plan is determined (in compliance
with the characteristics of the settlement and the
H[LVWLQJ GHYHORSPHQW SODQ  ³'DWD $FTXLVLWLRQAnalysis-6\QWKHVLVDQG3ODQQLQJ´ VWXGLHVDUHPDGH
according to two parts of the fourth phase. In the first
part of this phase, all information and documents
relating to the area are collected. In the second part,
this information is reviewed. In the last phase,
³$SSURYDODQG$QQRXQFHPHQW´SODQVWKDWKDYHEHHQ
developed by the experts in the municipality,
governorate and relevant institutions are sent to the
municipality council. This is processed with an
official letter. The plan is assessed in accordance
with the regional plan and environmental plan (if one
exists) at the municipality council.

INTEGRATION OF URBAN DEVELOPMENT
PLANS AND SEA
Many publications have pointed out the
difficulties of integrating SEA into legal systems [6,
5, 17, 12, 2, 13, 14, 15, 18]. The experiences of EU
FRXQWULHVIROORZLQJWKH-XQH(8³6SHFLILF
Plans and Programs of the Environmental Impact
$VVHVVPHQW'LUHFWLYH´LVSURRIRIKRZGLIILFXOWWKH
process of integration is. SEA application processes
and methods in countries vary according to the
FRXQWULHV¶ SODQQLQJ V\VWHPV 7KHUHIRUH FRXQWULHV
have transferred or are transferring SEA to their legal
systems, and are required to create their own
application methods and processes to comply with
the legal and administrative issues in their countries.
In this study, basic stages of SEA in land use
planning are established. Therefore processes of
physical planning, land use planning, and urban
planning were examined in countries that have a
legally binding application of SEA [12, 14, 17, 19,
20, 21, 22, 23, 24].
As a result of the findings of the first part of the
study, a legal framework for SEA in urban
development plans for the administrative system in
Turkey has been developed. The first finding relates
to the effect of SEA on urban development plans and
the issues identified for improving SEA processes
and SEA in practice, including the tools used.
The legal framework involves the speculative
structure of SEA, the Turkish planning system, the
planning hierarchy, the perspectives of institutions
responsible for the planning (as questionnaires and
interviews), the content of the development plans
and the SEA Directive of the EU.

FIGURE 2
Phases of the Turkish Draft SEA Regulation
[25].
In this project the content of these six phases
was investigated according to the responsibility of
municipalities, the urban plan preparation process
and the Turkish draft regulation on SEA. SEA is the
result of a systematic process, and its implementation starts with a decision on whether the process will be carried out or not. Implementation of the
plan will affect monitoring, which is the final step of
SEA. The person or institute responsible
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FIGURE 3
Location of study area
An example SEA application for urban development plans

Data Layers

1. The analysis of the present situation

Soil groups

1DWXUal factors
/DQGXVHV/ Land cover

Land Capability

Slope
Elavation
Aspect
Land use
Hidrology

2. Assessment
Suitability analysis

Multi-criteria analysis

3. The evaluation of applicability
Analytical Hierarchy
Process (AHP)

3ROLWLF
6HFWRUDO
/RFDO

Ordered Weighted
Averaging (OWA)

FIGURE 4
Flowchart of the methodology in the second section
for a plan or program (a ministry or other public
institutions) is directly responsible for implementing most of the steps and making most of the
decisions.
One of the most important issues shown in the
operation of the process in Figure 2 is the lack of case
studies of the applications of SEA in the 3rd stage.
SEA implementation work was also carried out in
this project as an example of city plans.

PRACTICE
OF
SEA
IN
URBAN
DEVELOPMENT PLANS: CASE STUDY
Study area. Adana Province was chosen as an
example for this study on an SEA model that can be
applied to development plans. Adana is one of the
largest provinces in Turkey, with 1,910,249
inhabitants (increasing yearly) [26]. It is situated on
the coastline of the Mediterranean Sea. Adana
Province covers about 1,403,000 ha, and is bordered
to the south by the Mediterranean Sea, with
2845
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Hierarchy Process (AHP), introduced by Saaty [32],
is one of the most widely used multi-criteria
decision-making approach to calculate criterion
weights in equality (1). In this approach, a
hierarchical structure is developed consisting of
goals, criteria, sub-criteria and alternatives. Priorities of the criteria are determined by the normalized
pairwise comparison matrix. Pairwise comparison
matrix, used to determine the relative importance of
each criterion, is formed base on scale of absolute
judgment adopted from Saaty [32] (Table 4).

approximately 160 km of coastline. Within the
boundaries of the urban development area (as
defined by the latest development plan prepared by
the Metropolitan Municipality of Adana) the urban
area is about 32,500 ha (Figure 3). The study area is
mainly composed of fertile land.
Method. In this study, the proposed method of
applying a SEA process to a development plan was
developed. As seen in Figure 4, there are three stages
to this.
1.
Analysis of the present situation
2.
Assessment
(Expectations/predictions)
3.
Evaluation of applicability

TABLE 4
The Fundamental scale of absolute judgment
[32].
a and b are any two of the criteria.

Data resources and processing. In order to
describe the physiographic features and land use of
study area, spatial data are used from various
sources; aerial photos dated 1970, Landsat images
for former periods from the website of US
Geological Survey (USGS) (1985, 2000, 2015),
1/25000 scale topographic maps dated 2010 from
General Command of Mapping, 1/5000 scale city
master plan obtained from archives of Adana
Metropolitan Municipality. Primarily, printed maps
and plans were scanned and digitized. Then, all
spatial data were geometrically rectified onto the
base map produced from 1/25000 scaled topographic
maps. The digital image processing was performed
on ERDAS 8.7 and ArcView 10.
Ordered Weighted Averaging (OWA). The
GIS-based multicriteria analysis involve a
geographic data set and the evaluation criteria
represented as map layers [27, 28]. OWA was
introduced from Yager [29] as a class of multicriteria combination operators. The GIS-based OWA
method have been used in a large number of studies
aiming at analysing land-use suitability [30, 31].
An OWA operator of dimension n is a mapping
)5Qĺ5WKDWKDVDQDVVRFLDWHGQYHFWRU

Intensity of
Importance
1

Definition

Explanation

Equal importance

3

Moderate importance

5

Strong importance

7

Very
importance

Two elements contribute
equally to the objective
Experience and judgment
slightly favor one element
(a) over another (b)
Experience and judgment
strongly favor one element
(a) over another (b)
One element (a) is favored
very strongly over another
(b); its dominance is
demonstrated in practice

9

Extreme importance

2,4,6,8

Intermediate values
between
the
two
categories

strong

The evidence favoring one
element (a) over another
(b) is of the highest
possible
order
of
affirmation
When compromise is
needed.

Pairewise judgement matrix (A) is formed;
A = (aij) (i=1,2,..,..n (the number of layers)) aij=
DMLIRULMDQGDLL 
The consistency ratio (CR) is used to indicate the
PDWUL[MXGJHPHQWV¶VFRQVLVWHQF\
&5  &, 5, &5  IRU WKH PDWUL[ WR EH
consistent) (3)
&,  ȜPD[± n) / (n-1)
(4)
ȜLVeigenvalueȜPD[LVPD[HLJHQYDOXHQLV
order (number of colums) of matrix A; RI is the
random index and the values of RI for matrices of
different scales are shown in Table 5.

Criteria weights:
    אσୀଵ  ݆ݓൌ ͳ
Order weights:
ʄсʄ͕ʄ͕͙͕ʄŶʄũ  אσୀଵ ߣ݆ ൌ ͳ
the standardized criterion value:
  ͕͙͕͘͘Ă   א

TABLE 5
Random inconsistency indices (RI)
Number
of
criteria
RI

The OWA operator is defined as follows:

σୀଵ  ݆݅ݖ݆ݒ
 ݆ݒʄũ   σୀଵ  ߣ݆ 

1

2

3

4

5

6

7

8

9

0

0

0,58

0,9

1,12

1,24

1,32

1,41

1,4
5

RESULTS

where zi1zi2«zin is the sequence obtained
by reordering the criterion values ai1,ai2, . ., ain; and
wj is the reordered jth criterion weight, Vj [27, 28].
Analytic Hierarchy Process. The
Analytic

Rapid urbanization and change of the urban
macroform of Adana. Adana is the fifth largest city
in Turkey, and is located in the
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Basic Planning
Criteria
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-Planning area
-Determination of plan
border

ORIENTATION
(URBAN GROWTH)

A S S E S S M E N T
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LAND USE TYPES

DENSITY

TRANSPORTATION

1. Protection of natural
resources
2. The development of
urban life and comfort
3. The
elimination/prevention of
existing and future
problems that may occur

-Land use decisions

Housing
Transportation
Industry
Open and green spaces
-Housing density
-Car, bicycle and
pedestrian transportation

FIGURE 5
Assessment of plan requirements

Major Soil Group

Land Capability Classes

Soil Risk Classification
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Topography Risk Classification

Risk
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Low suitability
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Current
Land Use Risk
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High suitability

Result Map

Highway + Agriculture + Degraded Forest Areas

FIGURE 6
Suitability assessment for build-up area.
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carefully when determining new residential areas.
x Urbanization of a wide area in the
immediate vicinity of the existing urban fabric has
caused disorganization of residential parcels.
Infrastructure services (such as roads, sewers, and
solid waste disposal) cannot reach these areas
because they are far from the urban fabric. This
situation contributes to the pollution of natural
resources and the degradation of urban quality of
life, especially in new development areas.
x +RXVLQJDUHDV¶H[SDQVLRQWRWKHODNH-shore
(an important natural recreational area) prevents
both fair and equitable access to recreational
resources for residents.

Çukurova Plain of the Mediterranean Region.
Çukurova has rich agricultural potential with fertile
soils (formed by alluvial deposits) and a pleasant
climate. Adana, which is the largest city in the
region, has undergone rapid urbanization and
industrialization, with growth in both agriculture and
industry since 1970. This has resulted in the rapid
spatial growth in the city. In this study, spatial
changes to the city were analyzed by examining
urban plans from previous years. These plans were
sourced from municipal archives and satellite
images. The most recent development plan covers
about 32500 ha, while the first urban development
plan prepared in 1950 covered 560 ha.
Findings of assessment. Basic urban planning
decisions have played a role in the deterioration of
the ecological environment. These decisions fall
under four categories (Figure 5):
1. Site selection and land use decisions
2. Density
3. Orientation of urban growth
4. Transportation
SEA can be considered an important tool for
making good planning decisions regarding the above
listed issues.

Green Areas:
x The sum of open and green spaces predicted
by the plan constitutes 15,7% of the area. However,
parks, recreation and sport areas that can be defined
as active green spaces open to city residents occupy
only 10,2 % of the area. This is insufficient for a city
with a population of 1,910,249.
x When the plan predictions were examined, no
change in the quality of green areas except
dimensional growth was observed.
x A green infrastructure system with the
creation of green corridors still has not been
established in the urban area. Lake-shore and
highway surroundings are under consideration for
this purpose (active green space), and are planned as
residential parcels mainly in new development plans.

Orientation of urban growth. The SEA
process relies heavily on a range of data and analysis
techniques. As many previous studies have
indicated, the most important and common method
XVHG LQ WKH FRQVWUXFWLRQ RI µVKDSH¶ ILOHV LV
overlapping shapes for each data set within a
geographic information system. This method allows
the evaluation of different combinations of
environmental data, and up-to-date land use decisions using all data available, as has been used in this
study. This is one tool used by experts to produce
urban plans according to selected criteria (Table 6).
$QDQDO\VLVRIWKHVHPDSVFUHDWHGXVLQJWKH³Ordered
Weighted Averaging Overlay´WHFKQLTXHLVJLYHQLQ
Figure 6.

Density. Development plan predictions and
residential density within existing urban areas is
given in Table 7.
Residential density also causes environmental
problems. In this study, pollution measurements in
the city and surrounds were mapped with high
concentration of air, water, soil and noise pollution
found. Regions with high concentrations of air and
noise pollution in particular are concentrated in the
areas with high housing density.

Land use types. Development plans that focus
RQµODQGXVHW\SHV¶LQFOXGHDQXPEHURIGHFLVLRQVIRU
usage types. In this part of the study, land uses were
classified as: housing, open and green spaces, and
transportation. The headings are presented below.

Transportation. $GDQD¶V WUDQVSRUWDWLRQ V\Vtem has a range of transport of varying qualities. The
east±west highway crossing the city, the D-400, the
railway, and the Seyhan River (which is crosses in
north-south direction) are the most important factors
affecting and limiting urban transportation. Overall,
Adana falls far short of modern practices in terms of
urban transport. A detailed study of transportation
has not been performed in the city since
transportation surveys conducted in 1991 [33]. An
examination of the urban transportation network
indicates that residential parcels have shaped the
existing transportation system (Figure 7). ThE newly
deve-loped parts of the city are far from reaching

Housing Areas:
x While existing housing areas occupies
approximately 5611 ha, a total of 4904 ha of
residential land at a variety of densities is proposed
according to the predictions of the development plan.
x When the population of the study area was
examined, attention was drawn to a decreased rate of
migration to the city in recent years. Therefore, the
population and migration flows must be analyzed
solutions to the transportation problems pervading
Adana as a whole. There is almost no provision for

environmentally friendly transportation options
(walking, cycling) in the plan.
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TABLE 6
Criteria used for preparing the risk classification map
Main criteria
Soil

Weight

Major Soil Groups

0,282

Capability Classes

0,284

Sub -criteria

OWA score

Alluvial soils
Red-Brown Mediterranean Soils
Brown Forest Soils
Red Mediterranean Soils
Colluvial Soils
I., II. and III. Classes
IV. and V. Classes
VI., VII. and VIII. Classes

1,002
2,001
3,002
3,002
3,002
1,002
2,001
3,002

750m-1000m
500m-750m
0-500m
Steep>%30
Steep and Very Steep %13-30
Light and Medium Slope %3-12
Flat and Close to the Level %0-2

1,002
2,001
3,002
1,002
2,001
3,002
3,002

Seyhan River Shore
Lake Shore

1,002
1,002

Topography
Elevation

0,234

Slope

0,167

Aspect
Hydrology
Rivers
Dam Lake
Current Land Use
Agriculture
Highway
Degraded Forest

0,221
0,233
0,234
0,321
0,238
0,221

-

1,002
2,001
1,002

TABLE 7
Residential density according to the Adana development plan
Existing Residential Areas
Low Density
Medium Density
High Density
Developing Residential Areas
Low Density
Medium Density
High Density

2 939 ha
1 695 ha
977 ha
4 165 ha
643 ha
96 ha

9,6
5,5
3,2
13,6
2,1
0,3

FIGURE 7
Adana urban transportation network (together with the new development plan decisions)
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CONCLUSION

ACKNOWLEDGEMENTS

Many Turkish administrative bodies and
environmental experts are currently showing great
interest in using strategic decision-making for spatial
planning processes in Turkey.
In the context of this case study of Adana,
application possibilities of SEA in Turkey have been
investigated and their applications to urban plans
prepared by municipalities have been examined.
Differences in planning concepts, planning
processes, administrative constructions and
institutional structures in countries give rise to
different processes and methods in the application of
SEA systems. This study has tried to identify and
find adaptations to the main barriers to integrating
SEA into urban plans for Turkey.
Although planning systems can change from
country to country, generally, physical plans are also
divided into two groups: regional and local physical
plans. Local physical plans in particular are
important tools for providing a means of shaping the
space directly. Local physical plans are not only used
to fulfill basic needs in settlements, but also to
achieve good urban design, efficient use of public
resources, good use of land, and the creation of highquality urban environments [34]. Eggenberger and
Partidario [35] note that spatial planning systems are
more or less centralized. In Turkey in particular,
urban planning process have a complex traditional
structure.
Eggenberger and Partidario [35] and Elling [36]
also note that the integration of SEA can result in the
participation of more actors and institutions in the
planning process, each with their own
responsibilities. They argue that integration is
needed across many dimensions, and identify
different forms of integration, such as substantive,
methodological, procedural, institutional and
political.
According to Say [4], when the fundamental
principles of SEA and the preparation processes of
urban plans in Turkey are assessed jointly, the legal
process of SEA management can be investigated in
six steps (Figure 2). In this study, the main stages of
both the regulative and practical application of SEA
have been determined. Henceforth, practical phases
of SEA can be grouped into three main headings;
Analysis of the present, Expectations/predictions,
Evaluation of applicability
As stated by Say and Yücel [3], there are two
main difficulties relating to the practice of SEA in
Turkey. The first is the lack of a legal requirement
for a broad and complementary assessment system,
and its integration into decision-making processes.
The second is the lack of effective methods of
implementing SEA into practice.
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JHUPLQDWLRQ DQG VHHGOLQJ HPHUJHQFH KDYH EHHQ DQ
LPSRUWDQWUHVHDUFKIRFXVRQZKLFKDODUJHQXPEHURI
SDSHUV KDYH EHHQ SXEOLVKHG > @. Several authors
concluded that IRU VHHGV EXULHG DW WKH VDPH GHSWK
ODUJHU VHHGV HDVLO\ JHUPLQDWH DQG HPHUJH EHFDXVH
WKH\KDYHJUHDWHUHQHUJ\UHVHUYHVWKDQVPDOOHUVHHGV
>@Research on the survival, growth, or reproduction response of plants to sand burial has also been
conducted, and plant responses were found to be
positive with shallow burial. For instance, PRGHUDWH
EXULDOLQFUHDVHGOHDIDUHDWRFRPSHQVDWHIRUWKHUHGXFHG SKRWRV\QWKHWLF UDWH HORQJDWHG WKH VWHP DQG
OHDI SHWLROHV WR SURPRWH YHUWLFDO JURZWK >@ LQFUHDVHGSURGXFWLRQRIIORZHUVDQGVHHGVSHUSODQWWR
EHQHILWUHSURGXFWLRQ>@DQGSURGXFHGDGYHQWLWLRXV
URRWVIRUQXWULHQWXSWDNH>@However, plant burial
beyond the tolerance limit is fatal EHFDXVH YHUWLFDO
JURZWKLVLQKLELWHGE\WKHSK\VLFDOEDUULHUSUHVHQWHG
E\ GHHS EXULDO DV ZHOO DV E\ WKH UHGXFWLRQ LQ
SKRWRV\QWKHWLFDUHDDQGOLPLWHGR[\JHQDYDLODELOLW\
WRWKHURRWV>@. And the tolerance limit of plants under sand burial depth varies depending on species [2],
some researchers IRXQG that VSHFLHV IURP KDELWDWV
ZLWKLQWHQVHEXULDOFDQVXUYLYHPRUHWKDQWKRVHIURP
KDELWDWV ZLWK OHVV EXULDO XQGHU VDPH EXULDO VWUHVV
>@
+RZHYHUWKHSK\VLRORJLFDOUHVSRQVHVRISODQWV
WRVDQGEXULDOKDYHEHHQUDUHO\GLVFXVVHGLQSUHYLRXV
ZRUNV)HZVWXGLHVVXJJHVWHGWKDWSDUWLDOEXULDOHQKDQFHV FKORURSK\OO FRQWHQW DQG LQFUHDVHV FDUERQ
GLR[LGHH[FKDQJHUDWHDQGQHWSKRWRV\QWKHWLFUDWH>@
3UHYLRXV VWXGLHV VXJJHVWHG WKDW ZKHQ SODQWV VXEMHFWHGWRHQYLURQPHQWDOVWUHVVHVOLNHGURXJKWIUHH]LQJRUKLJKVDOWFRQFHQWUDWLRQVWKHEDODQFHEHWZHHQ
JHQHUDWLQJ DQG FOHDULQJ UHDFWLYH R[\JHQ VSHFLHV
526  LQ SODQW FHOOV FRXOG EH GHVWUR\HG FDXVLQJ
RYHUSURGXFWLRQ RI UHDFWLYH R[\JHQ DQG OLSLG
SHUR[LGDWLRQDQGUHVXOWLQJLQWKHGHDWKRISODQWVE\
LQGXFLQJOLSLGSHUR[LGDWLRQPHPEUDQHLQMXULHVSURWHLQGHJUDGDWLRQDQGHQ]\PHLQDFWLYDWLRQ>@$QG
WKH\ VXJJHVWHG WKDW SODQWV KDYH HYROYHG VSHFLDO
SK\VLRORJLFDO PHFKDQLVPV XQGHU HQYLURQPHQWDO
VWUHVVLQFOXGLQJLQFUHDVHDQWLR[LGDQWHQ]\PHDFWLYLWLHVDQGRVPRO\WHFRQWHQWVWRUHSDLURUUHVLVWGDPDJH
FDXVHGE\526>@6RPHUHVHDUFKHUVKDYHUHFHQWO\ H[SORUHG the involvement of osmolyte contents and antioxidant protective enzymes of plants in
the mechanisms of their resistance to sand burial [10].

ABSTRACT
Sand activity is a common phenomenon that
occurs in inland dune ecosystems. Plants that grow
under these conditions inevitably suffer from sand
burial. Shrubs are important for the healthy functioning of sand dune ecosystems because they control
blowing sand. However, the survival mechanisms
and physiological responses of shrubs relative to
sand burial, particularly under different levels of
sand dune stability, remain poorly understood. The
seedlings of Artemisia halodendron and Lespedeza
davurica, two shrubs that dominate different habitats
of Horqin Sandy Land at different burial intensities,
were selected for this study. The survival rate and
physiological indices of these shrubs were studied.
Results showed that A. halodendron seedlings survived burial depth beyond 6 cm, whereas L. davurica
seedlings survived burial depth beyond 3/4 of their
height. After sand burial, most of the antioxidant enzyme activity and osmotic substance content of A.
halodendron increased, whereas no physiological index of L. davurica was observed to increase significantly after burial. Thus, compared with L. davurica,
A. halodendron can more significantly reduce the
damage caused by sand burial through increased
antioxidant enzyme activity and osmotic substance
content, such that it can tolerate deeper sand burial.

KEYWORDS :
Sand burial, Horqin sandy land, Survival rate, Antioxidant
enzyme, Osmotic substance

INTRODUCTION
Sand burial, as a commonly recurring
phenomenon in dune ecosystems, influences the
GLIIHUHQWJURZWKVWDJHVRISODQWV HJDGXOWSODQWV
VHHGOLQJVDQGVHHGV LQERWKFRDVWDODQGLQODQGGXQHV
>@. 6DQG EXULDO LV QRW FRQVLGHUHG DV D SULPDU\
VWUHVVEXWLVUDWKHUD complex process that causes soil
conditions to change (e.g., temperature, moisture,
pH value, oxygen levels, bulk density and nutrient
status), which in turn affects the survival and growth
of dune plants [4]. The effects of VDQGEXULDORQVHHG
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LQ &KLQD EHFDXVH RI WKH VWUHVV FDXVHG E\ JUD]LQJ
FXOWLYDWLRQDQGFROOHFWLRQRIIXHOZRRG7KHGLVWULEXWLRQSDWWHUQRIWKHQDWXUDOYHJHWDWLRQLQWKLVUHJLRQLV
FKDUDFWHUL]HG E\ D PRVDLF RI ORZODQG JUDVVODQGV
IL[HG GXQHV VHPLIL[HG GXQHV DQG PRELOH GXQHV
7KHGXQHVDUHFRYHUHGZLWKQDWLYHSODQWVDWYDU\LQJ
OHYHOVDQGDUHJHQHUDOO\GRPLQDWHGE\VRPHJUDVVHV
HJ 6HWDULDYLULGLV/ &OHLVWRJHQHVVTXDUURVD/
&RULVSHUPXPPDFURFDUSXP/ IRUEV HJ6DOVROD
FROOLQD/$JULRSK\OOXPVTXDUURVXP/ DQGVKUXEV
HJ&DUDJDQDPLFURSK\OOD//HVSHGH]DGDYXULFD
/ $UWHPLVLD KDORGHQGURQ /  7KH FOLPDWH LV
WHPSHUDWH VHPLDULG FRQWLQHQWDO DQG PRQVRRQDO
7KHPHDQDQQXDOWHPSHUDWXUHLV &DQGWKHUHJLRQUHFHLYHVPPRIDQQXDOSUHFLSLWDWLRQZLWK
PPDQQXDOSDQHYDSRUDWLRQ7KHPHDQDQQXDO
ZLQG YHORFLW\ LV  P V DQG WKH DYHUDJH ZLQG
VSHHG LQ VSULQJ DQG WKH WKUHVKROG ZLQG YHORFLW\ RI
VDQGLQPRELOHGXQHVDUHERWKPV)O\LQJVDQG
RFFXUVEHWZHHQ G\HDUWRG\HDU7KHDYHUDJH
PLJUDWLRQ VSHHG RI PRELOH GXQHV LV  P\HDU
DQGWKHWRWDOWUDQVSRUWUDWHIURP FPWRFPKHLJKW
RIPRELOHGXQHVLV132.04 g/(cmāK). Taken together,
these results are true for nearly ten thousand hectares
of grassland engulfed by mobile sand dunes annually
[13].

The capability of plants to tolerate sand burial was
also found to be associated with their capability to
adjust their antioxidant enzyme systems and osmotic
substances. After sand burial, antioxidant enzyme
activity and osmotic substances increase to improve
the antioxidant capacity of plant cells and inhibit
UHDFWLYHR[\JHQVSHFLHV 526 formation However,
the previous studies were only focused on crops and
annual plants [10]. Thus, whether shrubs living in
different habitats of dune ecosystems respond
differently to sand burial remains unclear. %RWKWKH
VXUYLYDOPHFKDQLVPVDQGSK\VLRORJLFDOUHVSRQVHVRI
VKUXEVWRVDQGEXULDOSDUWLFXODUO\LQGLIIHUHQWOHYHOV
RI VDQG GXQH VWDELOLW\ UHPDLQ SRRUO\ XQGHUVWRRG
6KUXEVDUHLQWHJUDOWRWKHKHDOWK\IXQFWLRQLQJRIVDQG
GXQH HFRV\VWHPV DQG DUH WKH EDVLV IRU FRQWUROOLQJ
EORZLQJ VDQG DQ LVVXH WKDW FRQWULEXWHV WR
GHVHUWLILFDWLRQ JOREDOO\ DQG DIIHFWV nearly ten
thousandKHFWDUHVRIODQGLQ&KLQDDORQH>@7KLV
FRQGLWLRQ LV RI SULPDU\ FRQFHUQ WR UHVWRUDWLRQ
HFRORJLVWV ZRUNLQJ LQ GU\ODQGV ZKR DUH WU\LQJ WR
VWDELOL]HDQGUHYLWDOL]HGHJUDGHGDUHDV
In summary, to learn more about the response
of shrubs to sand burial, seedlings of two common
species ($UWHPLVLD KDORGHQGURQ DQG /HVSHGH]D
GDYXULFD) were selected for study in Horqin Sandy
Land, one of the most severely desertified regions in
northern China [14]. The burial of plants in sand is a
common phenomenon in this area, making it an ideal
location to study the effects of sand burial on survival and growth, as well as to assess the physiological responses of seedlings. $KDORGHQGURQLVDGRPLQDQW VSHFLHV LQ PRELOH GXQHV ZKHUHDV / GDYXULFD
PDLQO\JURZVLQIL[HGRUVHPLIL[HGGXQHVLQHorqin
Sandy Land [13,15]. Our research objectives are as
follows: (1) to compare the tolerance limit of $
KDORGHQGURQ and / GDYXULFD to sand burial on the
basis of their survival rate; (2)WRUHYHDOWKHLUVXUYLYDO
PHFKDQLVPV XQGHU VDQG EXULDO E\ GHWHUPLQLQJ WKH
SK\VLRORJLFDOLQGLFHV  WRSURYLGHVXJJHVWLRQVRQ
KRZto protect SODQWVDJDLQVWVDQGEXULDODQGIXUWKHU
SURPRWHWKHUHKDELOLWDWLRQRIGXQHYHJHWDWLRQ Two
hypotheses were drawn on the basis of previous studies: (1) $KDORGHQGURQZKLFKLVGRPLQDQWLQPRELOH
GXQHV has a higher survival rate than L. davurica,
which is dominant in fixed dunes, and the seedling
growth height of the former can be promoted by
moderate burial; and (2) WKH VSHFLHV WKDW LV PRUH
WROHUDQWWRVDQGEXULDOKDVEHWWHUFDSDELOLW\WRadjust
its antioxidant enzyme system and osmotic substances for scavenging harmful oxygen species.

Experimental design. 7KH H[SHULPHQW ZDV
conducted from $SULOWR6HSWHPEHU7KH
EXULDOH[SHULPHQWZDVSHUIRUPHGWKURXJKRXWWKHHQWLUHJURZLQJSHULRGRI /GDYXULFDDQG$KDORGHQGURQ LQ  $SULO WR 6HSWHPEHU  ,Q HDUO\$SULO
seeds of /GDYXULFDDQG$KDORGHQGURQ were
separately sown in 2 m × 2 m × 2 m cement plots that
were filled with sand from their native habitats. 7KH
ILUVW WKLQQLQJ ZDV SHUIRUPHG DIWHU WKH VHHGOLQJV
HPHUJHGto avoid death caused by competition. A total of VHHGOLQJVwith similar growth ZHUHNHSWLQ
HDFKSORW. No additional water or fertilizer was added,
during the experiment to keep the soil condition as
close as possible to natural conditions. The second
thinning was conducted in $SULORIDIWHUZKLFK
DWRWDORIVHHGOLQJV with similar growth were left
DQGPDUNHGLQHDFKSORW
7KH VDQG EXULDO WUHDWPHQWV ZHUH FRQGXFWHG
DSSUR[LPDWHO\  G DIWHU WKH VHFRQG WKLQQLQJ The
seedlings were kept in a vertical position when buried and marked for easier identification. The average
heights of the /GDYXULFD DQG$KDORGHQGURQ seedlings were 7.6±0.2 cm and 7.8±0.6 cm, respectively.
The unmarked seedlings that emerged after the sand
burial treatment were removed. 7KH VDQG EXULDO
WUHDWPHQWV ZHUH GLYLGHG LQWR  WUHDWPHQW JURXSV
RQH FRQWURO QR EXULDO  DQG nine buried treatment
groups. The seedlings in the nine buried treatments
were buried at one-fourth (A), one-half (B), threefourths (C), and 100% (D) of their height and at 2 cm
(E), 4 cm (F), 6 cm (G), 8 cm (H), and 10 cm (I)
above their height. :H XVHG D FRPSOHWHO\ UDQGRP-

MATERIALS AND METHODS
Experimental site. The experiment site LVORFDWHGDW1DLPDQ&RXQW\ ƍ1ƍ(DOWLWXGH DSSUR[  P  LQ WKH VRXWKZHVWHUQ SDUW RI
+RUTLQ 6DQG\ /DQG ,QQHU 0RQJROLD &KLQD 7KLV
DUHDLVRQHRIWKHPRVWVHYHUHO\GHVHUWLILHGUHJLRQV
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L]HGGHVLJQIRUWKLVH[SHULPHQW(DFKWUHDWPHQWFRPSULVHG four UHSOLFDWHV IRXU SORWV  IRU D WRWDO RI 
SORWV7KHWKLFNQHVVRIWKHVDQGZDVUHJXODUO\YHULILHGWRHQVXUHFRQVLVWHQF\WKURXJKRXWWKHGXUDWLRQRI
WKHH[SHULPHQW
After 12 d of sand burial, leaves from five living seedlings of each treatment were randomly sampled to measure SK\VLRORJLFDOLQGLFHV7KHVHLQGLFHV
LQFOXGH DQWLR[LGDQW enzyme >VXSHUR[LGH GLVPXWDVH
62' SHUR[LGDVH 32' FDWDODVH &$7 @activities,
leaf relative water content (RWC), lipid peroxidation
extent [measured in terms of malon-dialdehyde
(MDA) content], membrane permeability extent
[measured in terms of their relative electrolyte
leakage (REL)], and osmotic substance (soluble
sugar and proline) contents.7KHVXUYLYDOUDWH WKHUDWLR RI WKH QXPEHU RI OLYLQJ VHHGOLQJV DW WKH HQG RI
H[SHULPHQWUHODWLYHWRWKHQXPEHUEHIRUHVDQGEXULDO 
ZDVPHDVXUHGLQPLG6HSWHPEHU

Fresenius Environmental Bulletin

determined by measuring the oxidation of methyl
catechol at 470 nm [17]. CAT activity was
spectrophotometrically measured by using the
method of Zhao et al. [18]. MDA content was measured by using the method described by Hernandez et
al. [19]. Soluble sugar content was extracted and
analyzed according to the method of Moing et al.
[20]. Proline content was determined as described by
Bates et al. [21]. All SK\VLRORJLFDO measurements
were performed at 0 °& to 4 °&. Membrane permeability was estimated by measuring the leakage of
electrolytes (conductivity) according to Shanahan et
al. [22] (Shanahan et al. 1990). Leaf relative water
content (RWC) was calculated according to the
method and equation detailed below [23].
Fresh leaves (0.3 g to 0.5 g) were rapidly
weighed to determine their fresh weight (FW). The
leaves were then rehydrated by immersing their petioles in distilled water in a petri dish covered by nylon
mesh. Full rehydration was achieved after 3 h, after
which the leaves were blotted and weighed to determine their turgid weight (TW). Dry weight (DW)
was subsequently determined after oven-drying at
70 °Cfor 24 h.
5:&    ):': î 7:':

Measurements and analytical methods.
Physiological indices were measured only for the
seedlings that survived the burial treatment. After
sampling, no seedlings of / GDYXULFD and $
KDORGHQGURQ survived burial depths beyond treatments C and H, respectively. Thus, no physiological
data on these treatments were recorded. Enzymes
were extracted from 1 g of leaf material by using a
mortar and pestle with 5 mL of ice-cold medium
containing 50 mM potassium phosphate buffer (pH
7.8), 0.1 mM ethylene diaminetetraacetic acid
(EDTA), and 2% (w/v) polyvinyl-pyrrolidone (PVP).
The homogenate was centrifuged at 15,000 g for 20
min, and the supernatants were stored at 4 °& for
further analyses. SOD activity was determined
through the method of Beauchamp and Fridovich
[16], POD activity was spectrophotometrically

Statistical analysis. 6366YHUVLRQ 6366
,QF &KLFDJR ,OOLQRLV 86$  ZDV XVHG WR SHUIRUP
DQDO\VLV RI YDULDQFH $129$ $OO VWDWLVWLFDO WHVWV
ZHUH FRQGXFWHG DW D  VLJQLILFDQFH OHYHO 7KH
%RQIHUURQL FRUUHFWLRQ IRU PXOWLSOH WHVWLQJ ZDV DSSOLHG 3 Q  :H WHVWHG IRU WKH HIIHFWV RI
SK\VLRORJLFDO LQGLFHV DIWHU VDQG EXULDO RQ VXUYLYDO
UDWHRIVKUXEVXVLQJJHQHUDOL]HGOLQHDUPL[HGPRGHOV
>*/00OPHOLEUDU\@ obtained from the R package
[24], ZKHUHSORWVDUHUDQGRPHIIHFWV

7$%/(
6XUYLYDOUDWHRIWZRVKUXEVHHGOLQJVXQGHUGLIIHUHQWVDQGEXULDOGHSWK
%XULDOWUHDWPHQW
&.
$
%
&
'
(
)
*
+
,

6XUYLYDOUDWH 
$KDORGHQGURQ
D$
DE%
DE%
DE$
E$
F$
F$
F$
F$
G$

/GDYXULFD
D$
D$
D$
E%
F%
F%
F%
F%
F%
F$

CK: (control treatment, no burial). A: buried to 1/4 of seedling height. B: buried to 1/2 of seedling height. C: buried
to 3/4 of seedling height. D: buried to 100% of seedling height. E: buried to 2 cm above seedling height. F: buried
to 4 cm above seedling height. G: buried to 6 cm above seedling height. H: buried to 8 cm above seedling height.
I: buried to 10 cm above seedling height. Values were assigned as mean ± SE. Mean values with different lower
case letters in the same column are significantly different among the different burial depths of same species. Mean
values with different capital letters in the same row are significantly different among the different species under
same depths (P < 0.0125, after Bonferroni correction for multiple testing, n=4).
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RESULTS

PRUWDOLW\RI/GDYXULFDVHHGOLQJV 7DEOH 

6XUYLYDOUDWH6XUYLYDOUDWHRI$KDORGHQGURQ
VHHGOLQJV GHFUHDVHG ZLWK LQFUHDVLQJ EXULDO GHSWK
+RZHYHUWKHGLIIHUHQFHZLWK&.ZDVQRWVLJQLILFDQW
XQWLOWKHEXULDOGHSWKUHDFKHGWKHOHYHORI7UHDWPHQW
' 3 DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  7KHVXUYLYDOUDWHVKDUSO\GHFUHDVHG
ZLWKLQFUHDVLQJEXULDOGHSWKRQO\RIWKHRULJLQDO$KDORGHQGURQVHHGOLQJVVXUYLYHGXQGHU7UHDWPHQW(DQGQRVHHGOLQJVVXUYLYHGXQGHU7UHDWPHQW
,)RU/GDYXULFDDVOLJKWLQFUHDVHLQVXUYLYDOUDWH
ZDVREVHUYHGXQGHU7UHDWPHQW$FRPSDUHGZLWKWKDW
REVHUYHG XQGHU &. EXW WKLV GLIIHUHQFH ZDV QRW
VLJQLILFDQW 3 !  DIWHU%RQIHUURQLFRUUHFWLRQ
IRU PXOWLSOH WHVWLQJ Q   :KHQ EXULDO GHSWK LQFUHDVHGWRWKHOHYHORI7UHDWPHQW&RQO\RI/
GDYXULFDVHHGOLQJVUHPDLQHGDOLYHDQGQRVHHGOLQJ
VXUYLYHGDEXULDOGHSWKHTXDOWRRUEH\RQGVHHGOLQJ
KHLJKW:HIRXQGWKDWWKHGLIIHUHQFHLQVXUYLYDOUDWH
EHWZHHQWZRVSHFLHV ZDVQRWVLJQLILFDQW XQGHU &.
3!DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOH
WHVWLQJQ  :KHQEXULDOGHSWKZDVVKDOORZ 7UHDWPHQWV$DQG% /GDYXULFDVHHGOLQJVKDGDKLJKHU
VXUYLYDOUDWHWKDQ$KDORGHQGURQVHHGOLQJVEXWWKH
VLWXDWLRQZDVUHYHUVHGZKHQEXULDOGHSWKLQFUHDVHG
WR WKH OHYHO RI 7UHDWPHQW & EHFDXVH RI WKH KLJK

3K\VLRORJLFDOUHVSRQVHVRIVKUXEVHHGOLQJVWR
VDQGEXULDO:LWKEXULDOGHSWKLQFUHDVHGWKH62'
DFWLYLW\ RI $ KDORGHQGURQ GHFUHDVHG ILUVWO\ ZKHQ
EXULDOGHSWKOHVVWKDQ7UHDWPHQW&$QGZLWKWKHEXULDO GHSWK FRQWLQXH WR LQFUHDVH LWV 62' DFWLYLW\ LQFUHDVHG7KHKLJKHVWYDOXH J): DSSHDUHG
LQ7UHDWPHQW+7KHGLIIHUHQFHVDPRQJ&.7UHDWPHQW ' DQG 7UHDWPHQW ) 7UHDWPHQW * DQG 7UHDWPHQW + ZHUH QRW VLJQLILFDQW 3 !  DIWHU
%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  EXW
WKH 62' DFWLYLWLHV XQGHU RWKHU WUHDWPHQWV ZHUH
VLJQLILFDQWO\ORZHUWKDQWKRVHXQGHU&. 3 
DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  
&KDQJHV LQ WKH 32' DFWLYLW\ RI $ KDORGHQGURQ
VKRZHG DQ LQFUHDVH±GHFUHDVH±LQFUHDVH±GHFUHDVH
WUHQG ZLWK LQFUHDVLQJ EXULDO GHSWK 9DOXHV XQGHU
7UHDWPHQWV% J): ( J): DQG
) J): ZHUHVLJQLILFDQWKLJKHUWKDQWKRVH
XQGHU &. 3   DIWHU %RQIHUURQL FRUUHFWLRQ
IRUPXOWLSOHWHVWLQJQ  &KDQJHVLQ&$7DFWLYLW\
RI$KDORGHQGURQLQFUHDVHGVLJQLILFDQWO\ZKHQEXULDO GHSWK UHDFKHG WKH OHYHO RI7UHDWPHQWV & DQG '
DQGWKHQGHFUHDVHGVKDUSO\ZLWKLQFUHDVLQJEXULDO 3
  DIWHU %RQIHUURQL FRUUHFWLRQ IRU PXOWLSOH
WHVWLQJQ   )LJ 

),*85(
&KDQJHVRIDQWLR[LGDQWHQ]\PHDFWLYLWLHVRIWZRVKUXEVXQGHUGLIIHUHQWEXULDOGHSWKV
62'6XSHUR[LGHGLVPXWDVH32'3HUR[LGDVH&$7&DWDODVH D 62'DFWLYLW\RI$KDORGHQGURQ E 
62'DFWLYLW\RI/GDYXULFD F 32'DFWLYLW\RI$KDORGHQGURQ G 32'DFWLYLW\RI/GDYXULFD H 
&$7DFWLYLW\RI$KDORGHQGURQ I &$7DFWLYLW\RI/GDYXULFD&.QREXULDO$EXULHGWRRI
VHHGOLQJKHLJKW%EXULHGWRRIVHHGOLQJKHLJKW&EXULHGWRRIVHHGOLQJKHLJKW'EXULHGWR
RIVHHGOLQJKHLJKW(EXULHGWRFPDERYHVHHGOLQJKHLJKW)EXULHGWRFPDERYHVHHGOLQJ
KHLJKW*EXULHGWRFPDERYHVHHGOLQJKHLJKW+EXULHGWRFPDERYHVHHGOLQJKHLJKW9DOXHVZHUH
DVVLJQHGDVPHDQ6(0HDQYDOXHVZLWKGLIIHUHQWORZHUFDVHOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWDPRQJ
WKHGLIIHUHQWEXULDOGHSWKV 3DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  No
seedlings of /GDYXULFD survived after the burial depth beyond the level of Treatment C. No seedlings
of L. davurica survived after the burial depth beyond the level of Treatment C.
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),*85(
&KDQJHVRIRVPRWLFVXEVWDQFHVFRQWHQWVRIWZRVKUXEVXQGHUGLIIHUHQWEXULDOGHSWKV
D 3UROLQHFRQWHQWRI$KDORGHQGURQ E 3UROLQHFRQWHQWRI/GDYXULFD F 6ROXEOHVXJDUFRQWHQWRI$
KDORGHQGURQ G 6ROXEOHVXJDUFRQWHQWRI/GDYXULFD&.QREXULDO$EXULHGWRRIVHHGOLQJ
KHLJKW%EXULHGWRRIVHHGOLQJKHLJKW&EXULHGWRRIVHHGOLQJKHLJKW'EXULHGWRRI
VHHGOLQJKHLJKW(EXULHGWRFPDERYHVHHGOLQJKHLJKW)EXULHGWRFPDERYHVHHGOLQJKHLJKW*
EXULHGWRFPDERYHVHHGOLQJKHLJKW+EXULHGWRFPDERYHVHHGOLQJKHLJKW9DOXHVZHUHDVVLJQHGDV
PHDQ6(0HDQYDOXHVZLWKGLIIHUHQWORZHUFDVHOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWDPRQJWKHGLIIHUHQW
EXULDOGHSWKV 3DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  1RVHHGOLQJVRI/
GDYXULFDVXUYLYHGDIWHUWKHEXULDOGHSWKEH\RQGWKHOHYHORI7UHDWPHQW&
7KHGLIIHUHQFHLQ62'DFWLYLW\RI/GDYXULFD
XQGHUGLIIHUHQWEXULDOGHSWKVDQG&.ZDVQRWVLJQLILFDQW 32' DFWLYLW\ RI / GDYXULFD GLG QRW FKDQJH
REYLRXVO\ ZLWK LQFUHDVLQJ EXULDO GHSWK7KH YDOXHV
RI&.DQG7UHDWPHQWV$%DQG&ZHUHLQWKHUDQJH
RIJ):WRJ):DQGWKHGLIIHUHQFHV
ZHUH QRW VLJQLILFDQW 3 !  DIWHU %RQIHUURQL
FRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  &$7DFWLYLW\RI
/GDYXULFDZDVDOVRQRWFKDQJHGVLJQLILFDQWO\WKH
YDOXHVRI&.DQG7UHDWPHQWV$%DQG&ZHUHLQWKH
UDQJH RI  J ): WR  J ): DQG WKHLU
GLIIHUHQFHV ZHUH QRW VLJQLILFDQW 3 !  DIWHU
%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ   )LJ

7KH SUROLQH FRQWHQW RI $ KDORGHQGURQ ZDV
PDLQWDLQHGDWDORZOHYHOXQGHU&.DQG7UHDWPHQWV
$%DQG&ZLWKYDOXHVEHWZHHQDQGJ
):+RZHYHUWKHSUROLQHFRQWHQWRI$KDORGHQGURQ
UHDFKHG LWV SHDN  J ):  ZKHQ WKH EXULDO
GHSWK LQFUHDVHG WR WKDW RI 7UHDWPHQW ' 7KH YDOXH
ZDVVLJQLILFDQWO\KLJKHUWKDQWKDWRI&. 3 
DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ  
:KHQWKHEXULDOGHSWKLQFUHDVHGWR7UHDWPHQW(WKH
SUROLQHFRQWHQWRI$KDORGHQGURQVKDUSO\GHFUHDVHG
WR  J ): D  GHFOLQH 7KHUHDIWHU WKH
SUROLQH FRQWHQW LQFUHDVHG JUDGXDOO\ XQWLO WKH EXULDO
GHSWKUHDFKHGWKDWRI7UHDWPHQW+7KHsoluble sugar
content of $ KDORGHQGURQ GLG QRW VKRZ REYLRXV
FKDQJHVXQGHUVDQGEXULDO7KHGLIIHUHQFHVZLWK&.
ZHUH RQO\ VLJQLILFDQW LQ7UHDWPHQWV & DQG ) 3 
 DIWHU %RQIHUURQL FRUUHFWLRQ IRU PXOWLSOH
WHVWLQJQ  8QOLNH$KDORGHQGURQVDQGEXULDOGLG
QRWLQIOXHQFHWKHSUROLQHDQG soluble sugar content
of /GDYXULFD7KHGLIIHUHQFHVEHWZHHQ&.DQGDOO
WUHDWPHQWV ZHUH QRW VLJQLILFDQW 3 !  DIWHU

%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ   )LJ

The MDA content of $ KDORGHQGURQ ZDV
PDLQWDLQHG DW D ORZ OHYHO IURP7UHDWPHQWV$ WR (
ZLWKYDOXHVFRQILQHGEHWZHHQDQGPPROJ

):WKHLUGLIIHUHQFHVZLWK&.ZHUHQRWVLJQLILFDQW
3!DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOH
WHVWLQJQ  :KHQEXULDOGHSWKLQFUHDVHGWRWKDWRI
7UHDWPHQW)DPDUNHG111% LQFUHDVHLQMDA content was observed over that of 7UHDWPHQW(+RZHYHU
ZKHQEXULDOGHSWKFRQWLQXHGWRLQFUHDVHWKH MDA
content of $KDORGHQGURQGHFUHDVHGLQ7UHDWPHQWV
*DQG+The REL of $KDORGHQGURQUHPDLQHGDWD
ORZ OHYHO  WR   ZLWK EXULDO GHSWK XS
WKURXJKWKDWRI7UHDWPHQW&+RZHYHUWKHREL of $
KDORGHQGURQJUDGXDOO\LQFUHDVHGIURP7UHDWPHQW'
WR+UHDFKLQJDSHDNYDOXHRILQ7UHDWPHQW+
The leaf RWC of $KDORGHQGURQVHHPVWRKDYHEHHQ
XQDIIHFWHG E\ VDQG EXULDO 7KH GLIIHUHQFHV DPRQJ
EXULDOWUHDWPHQWVDQG&.ZHUHQRWVLJQLILFDQW 3 !
 DIWHU %RQIHUURQL FRUUHFWLRQ IRU PXOWLSOH
WHVWLQJQ   )LJ 
The MDA content of /GDYXULFDZDVWKHKLJKHVWXQGHU7UHDWPHQW&UHDFKLQJPPROJ):
ZKLFKLVVLJQLILFDQWO\KLJKHUWKDQ&.DQGWKHRWKHU
WUHDWPHQWV7KHGLIIHUHQFHVDPRQJ&.7UHDWPHQW$
DQG 7UHDWPHQW % ZHUH QRW VLJQLILFDQW 7KH GLIIHUHQFHVLQWKH5(/RI/GDYXULFDDPRQJ&.  
7UHDWPHQW$  DQG7UHDWPHQW&  ZHUH
QRWVLJQLILFDQW 3!DIWHU%RQIHUURQLFRUUHFWLRQ IRU PXOWLSOH WHVWLQJ Q   DOWKRXJK DOO YDOXHV
ZHUH VLJQLILFDQWO\ ORZHU WKDQ WKDW LQ 7UHDWPHQW %
  3   DIWHU%RQIHUURQLFRUUHFWLRQIRU
PXOWLSOHWHVWLQJQ  The leaf RWC of $KDORGHQGURQVHHPVWRKDYHEHHQXQDIIHFWHGE\VDQGEXULDO
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),*85(
&KDQJHVRI0'$FRQWHQW5(/DQG5:&RIWZRVKUXEVXQGHUGLIIHUHQWEXULDOGHSWKV
0'$0DORQGLDOGHK\GH D 0'$FRQWHQWRI$KDORGHQGURQ E 0'$FRQWHQWRI/GDYXULFD F 
5HODWLYHHOHFWURO\WHOHDNDJHRI$KDORGHQGURQ G 5HODWLYHHOHFWURO\WHOHDNDJHRI/GDYXULFD H /HDI
UHODWLYHZDWHUFRQWHQWRI$KDORGHQGURQ I /HDIUHODWLYHZDWHUFRQWHQWRI/GDYXULFD&.QREXULDO
$EXULHGWRRIVHHGOLQJKHLJKW%EXULHGWRRIVHHGOLQJKHLJKW&EXULHGWRRIVHHGOLQJ
KHLJKW'EXULHGWRRIVHHGOLQJKHLJKW(EXULHGWRFPDERYHVHHGOLQJKHLJKW)EXULHGWRFP
DERYHVHHGOLQJKHLJKW*EXULHGWRFPDERYHVHHGOLQJKHLJKW+EXULHGWRFPDERYHVHHGOLQJKHLJKW
9DOXHVZHUHDVVLJQHGDVPHDQ6(0HDQYDOXHVZLWKGLIIHUHQWORZHUFDVHOHWWHUVDUHVLJQLILFDQWO\
GLIIHUHQWDPRQJWKHGLIIHUHQWEXULDOGHSWKV 3DIWHU%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJ
Q  1RVHHGOLQJVRI/GDYXULFDVXUYLYHGDIWHUWKHEXULDOGHSWKEH\RQGWKHOHYHORI7UHDWPHQW&
7$%/(
5HODWLRQVKLSVEHWZHHQVXUYLYDOUDWHDQGSK\VLRORJLFDOLQGLFHVLQDJHQHUDOL]HGOLQHDUPL[HGPRGHO
*/00
0RGHO
)L[HGHIIHFWV
,QWHUFHSW
62'DFWLYLW\
32'DFWLYLW\
&$7DFWLYLW\
3UROLQHFRQWHQW
6ROXEOHVXJDUFRQWHQW
0'$FRQWHQW
5(/
5:&
6SHFLHV $+
6SHFLHV /'
5DQGRPHIIHFWV
5HVLGXDOV
2EVHUYDWLRQ 3ORWV
5BPDUJLQDO $+
5BFRQGLWLRQDO $+
5BPDUJLQDO /'
5BFRQGLWLRQDO /'
$,&
%,&

1XOOPRGHO


)XOOPRGHO



























$,&$NDLNH,QIRUPDWLRQ&ULWHULRQ%,&%D\HVLDQLQIRUPDWLRQFULWHULRQ
$+ $ KDORGHQGURQ /' / GDYXULFD 62' 6XSHUR[LGH GLVPXWDVH 32' 3HUR[LGDVH &$7 &DWDODVH 0'$
0DORQGLDOGHK\GH5(/5HODWLYHHOHFWURO\WHOHDNDJH5:&/HDIUHODWLYHZDWHUFRQWHQW 3 3
6LPLODUWR$KDORGHQGURQthe leaf RWC of /
GDYXULFD VHHPV WR KDYH EHHQ XQDIIHFWHG E\ VDQG
EXULDO7KHGLIIHUHQFHVDPRQJEXULDOWUHDWPHQWVDQG
&. ZHUH QRW VLJQLILFDQW 3 !  DIWHU

%RQIHUURQLFRUUHFWLRQIRUPXOWLSOHWHVWLQJQ   )LJ

5HODWLRQVKLSV EHWZHHQ VXUYLYDO UDWH DQG
SK\VLRORJLFDO LQGLFHV :H WHVWHG IRU WKH HIIHFWV RI
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VKRXOGQRWEH UHJDUGHGDVVWUHVVJLYHQWKDWWKH increase in soil moisture and the decrease in soil
temperature in the root zone corresponding to increased soil depth may be beneficial to its growth
[29]. This condition may be attributed to the fact that
dry soil conditions and high temperatures are major
factors limiting plant growth in arid regions [30].
:KHQSODQWVDUHVXEMHFWHGWRKDUPIXOVWUHVVHV
526DFFXPXODWHVDQGUHVXOWVLQFHOOGHDWKE\LQGXFLQJ OLSLG SHUR[LGDWLRQ PHPEUDQH LQMXULHV SURWHLQ
GHJUDGDWLRQDQGHQ]\PHLQDFWLYDWLRQ>@7KHGHJUHHRILQMXU\RISODQWFHOOVFDQEHGHWHUPLQHGRQWKH
EDVLV RI 0'$ FRQWHQW 5(/ OHYHO DQG OHDI 5:&
0'$FRQWHQWLQGLFDWHVWKHextent of lipid peroxidation [31], REL indicates the extent of membrane
permeability [11], and leaf RWC indicates the extent
of cell dehydration [32]. Higher plants have a wide
range of defensive mechanism, such as the involvement of osmolytes and antioxidant protective enzyme systems in adaptation to various environmental stresses [3]. Among all antioxidant enzymes,
62'LVWKHILUVWGHIHQVHPDWHULDOFRQWULEXWLQJWRWKH
UHVLVWDQFH DJDLQVW PHPEUDQH OLSLG SHUR[LGDWLRQ
FDXVHGE\526E\catalyzing the dismutation of O2to H2O2 and O2. Therefore, high SOD activity indicates low membrane lipid peroxidation [31]. POD
can then catalyze H2O2 and ROOH· into H2O and ROH to avoid cell damage [33]. &$7FDQUHSDLUSODQW
LQMXULHVE\LQKLELWLQJ+27KLVPHFKDQLVPFDQEH
DWWULEXWHGWRWKHIDFWWKDWZKHQSODQWVDUHexposed to
a stressful environment, H2O2 can be converted into
HO, which results in lipid peroxidation [31] and protein denaturation [34]. As one of the most important
osmotic substances, proline can stimulate CAT and
SOD activity to scavenge ROS, and facilitate
acclimation of the photosynthetic apparatus, and
store energy to regulate redox potentials when plants
are subjected to stress [35]. The function of soluble
sugar was also widely reported. Soluble sugar content increased under drought, freezing, heat, and
saline stress to reduce the extent of membrane
damage [36].
In this study, WKH62'32'&$7DFWLYLW\DQG
OHDI5:&RI$KDORGHQGURQZHUHKLJKHUWKDQWKRVH
RI/GDYXULFDUHJDUGOHVVRIVDQGEXULDO)XUWKHUPRUH
except for the soluble sugar content, all indices of
antioxidant protective enzyme systems and osmolytes of $KDORGHQGURQZHUHLQFUHDVHGWRVRPHH[WHQWVDQGVLJQLILFDQWO\KLJKHUWKDQWKRVHRIQREXULDO
XQGHUFHUWDLQEXULDOWUHDWPHQWV/HDI5:&UHPDLQHG
DW D UHODWLYHO\ KLJKHU OHYHO DQG 0'$ FRQWHQW ZDV
PDLQWDLQHGDWDORZHUOHYHOXQWLOEXULDOGHSWKUHDFKHG
FPKLJKHUWKDQVHHGOLQJKHLJKW6WDWLVWLFDODQDO\VHV
VKRZHGWKDWsurvival rate ZDVDIIHFWHGE\62'32'
&$7 activity, and proline content. This finding
suggests that increased antioxidant enzyme activities
and osmotic substance contents were beneficial to
the survival of $KDORGHQGURQ. However, the change
of SOD activity of $ KDORGHQGURQ was not as expected. As WKH ILUVW GHIHQVH PDWHULDO, SOD activity

SK\VLRORJLFDO LQGLFHV DIWHU VDQG EXULDO RQ VXUYLYDO
UDWH RI VKUXEV LQ D JHQHUDOL]HG OLQHDU PL[HG PRGHO
*/00 , where plots are random effects. The
conditional R2 calculated on both fixed and random
effects and the marginal R2 only calculated on the
IL[HG HIIHFWV >@ 7KH $NDLNH¶V LQIRUPDWLRQ FULWHrion (AIC) and Bayesian information criterion (BIC)
was used to assess model performance, models with
the lower AIC and BIC are considered performance
better [26]. Results showed that the full model was
the best model. Fixed effects alone explained the
majority of the total variability in the survival rate of
shrubs due to the higher marginal R2, while the random effects accounted for only minor variance. 7KH
IXOO PRGHO DOVR GHPRQVWUDWHG WKDW survival ZDV
VLJQLILFDQWO\ DIIHFWHG E\ 62' 32' &$7 DFWLYLW\
DQGSUROLQHFRQWHQW 7DEOH 

DISCUSSION AND CONCLUSIONS
,QDFFRUGDQFHZLWKSUHYLRXVUHVHDUFK>@ZH
DOVRIRXQGWKDWWROHUDQFHWRVDQGEXULDOYDULHGZLWK
VSHFLHV,QRXUVWXG\no /GDYXULFDseedlings VXUYLYHG XQGHU D EXULDO GHSWK HTXDO WR RU DERYH WKHLU
KHLJKW, whereas $KDORGHQGURQ seedlings withstood
the stress much further along the sand burial gradient,
not reaching their upper threshold limit until burial
depth reached 8 cm higher than seedling height. This
phenomenon may be explained by a previous finding
that VSHFLHVJURZQLQKDELWDWVZLWKLQWHQVLYHEXULDO
KDGVWURQJHUUHVLVWDQFHWRVDQGEXULDO)RUH[DPSOH
LQ D VWXG\ RI IRXU GRPLQDQW $UWHPLVLD VSHFLHV LQ
GLIIHUHQW KDELWDWV /LX FRQFOXGHG WKDW VSHFLHV IURP
KDELWDWVZLWKLQWHQVLYHVDQGEXULDOH[KLELWHGKLJKHU
VXUYLYDOUDWHDQGVWHPHORQJDWLRQVSHHGWKDQVSHFLHV
IRXQGLQKDELWDWVZLWKOHVVLQWHQVLYHVDQGEXULDO>@
=DUGL REWDLQHG VLPLODU UHVXOWV LQ WKHLU VWXG\ RQ WKH
HIIHFWV RI VDQG EXULDO RQ LQYDVLYH VSHFLHV DQG
LQGLJHQRXVVSHFLHV>@7KH\IRXQGWKDWLQGLJHQRXV
VSHFLHVFRXOGZLWKVWDQGVDQGEXULDOVWUHVVEHWWHUWKDQ
LQYDVLYHVSHFLHV
2XUUHVXOWVDOVRVXJJHVWWKDWtolerance to burial
seems to be a requisite for survival.$VDpioneer species of mobile dunes in Horqin Sandy Land, $
KDORGHQGURQ suffers sand burial stress more intensively than /GDYXULFD and has thus developed some
effective mechanisms to adapt to or withstand sand
burial [27]. However, contrary to our initial expectations, the survival rate of $KDORGHQGURQGHFUHDVHG
FRQWLQXRXVO\ZLWKLQFUHDVLQJEXULDOGHSWKThis finding suggests that unlike other VDQGGXQHVSHFLHVWKDW
UHTXLUH PRGHUDWH EXULDO LQ VDQG WR PDLQWDLQ KLJK
YLJRUDQGSURPRWHJURZWK>@VKDOORZEXULDODOVR
KDVQHJDWLYHHIIHFWVRQWKHVXUYLYDODQGJURZWKRI$
KDORGHQGURQ GHVSLWH LWV FDSDELOLW\ WR ZLWKVWDQG
LQWHQVLYHEXULDO7KHsurvival rate of /GDYXULFDGLG
QRWVKRZDVLJQLILFDQWGHFUHDVHXQWLOWKHEXULDOGHSWK
UHDFKHG WKUHHIRXUWKV RI LWV VHHGOLQJ KHLJKW 7KLV
ILQGLQJLQGLFDWHVWKDWIRU/GDYXULFDVKDOORZEXULDO
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OHDI UHODWLYH ZDWHU FRQWHQW 62'VXSHUR[LGH
GLVPXWDVH7:WXUJLGZHLJKW

should increase immediately after stress appeared,
but in our study, the increase was not observed One
explanation is that the stress is not serious enough to
stimulate the SOD activity. However, this explanation seemed unreasonable when compared to the decreased survival rate. Due to the limited literature,
this phenomenon need further study. Survival rate
was QHJDWLYHO\FRUUHODWHGZLWKREL, which suggests
that membrane permeability caused by sand burial
inhibits the survival of $KDORGHQGURQ.%\FRQWUDVW
QRSK\VLRORJLFDOindex of L. davurica wasREVHUYHG
WRLQFUHDVHVLJQLILFDQWO\after burial. Its MDA content and REL were observed to increase to some extent afterEXULDOGHSWKLQFUHDVHG7KHVHUHVXOWVVXJJHVW WKDW $ KDORGHQGURQ LQFUHDVHG antioxidant enzyme activity and osmotic substance content to prevent membrane permeability, lipid peroxidation, and
cell dehydration DV DQ HIIHFWLYH PHFKDQLVP WR
ZLWKVWDQGLQJ VDQG EXULDO VWUHVV +RZHYHU /
GDYXULFDGRHVQRWSRVVHVVWKLVPHFKDQLVPDQGWKXV
H[KLELWVSRRUWROHUDQFHWRVDQGEXULDO
The first hypothesis was partially supported by
our results7KHsurvival rate of$KDORGHQGURQwas
higher than that of /GDYXULFD RQO\DIWHUWKHEXULDO
GHSWKUHDFKHGWKUHHIRXUWKVRIVHHGOLQJKHLJKW. Notably, the survival rate of $KDORGHQGURQ was not promoted by moderate burial. We note that even shallow burial can negatively affect the survival of $
KDORGHQGURQDOWKRXJKWKLVVSHFLHVFDQpersist when
burial depth reached 6 cm higher than seedling
height. Moderate burial seems to have no negative
effect on /GDYXULFDEXWGHHSEXULDOZDVIDWDO
Our second hypothesis was also supported by
our results. Compared with /GDYXULFD$KDORGHQGURQ LVPRUHWROHUDQWWRVDQGEXULDODQGSRVVHVVHVD
EHWWHU FDSDELOLW\ WR increase antioxidant enzyme
activity and osmotic substance content to reduce the
damage (OLSLGSHUR[LGDWLRQmembrane permeability
and cell dehydration) caused by sand burial 7KLV
FDSDELOLW\ RI $ KDORGHQGURQ FDQ EH UHJDUGHG DV D
PHFKDQLVP IRU WROHUDQW VSHFLHV WR ZLWKVWDQG VDQG
EXULDO VWUHVV DQG H[SODLQ LWV VXUYLYDO XQGHU GHHS
EXULDO +RZHYHU LWV 62' DFWLYLW\ FKDQJH LV QRW DV
H[SHFWHGDQGQHHGIXUWKHUVWXG\2QWKHEDVLVRIour
findings, we suggested that $ KDORGHQGURQ FDQ EH
KHOSIXO as a sand dune stabilization species for areas
with frequent and intensive sand burial (e.g., mobile
dune) because of its high tolerance. In addition,
ZKHQPRELOHGXQHVKDYHEHHQUHVWRUHGWRDVHPLPRELOH GXQH VWDWH / GDYXULFD VKRXOG EH LQWURGXFHG
EHFDXVHRILWVKLJKVXUYLYDOXQGHUVKDOORZEXULDO
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lower headway at the upstream as compared with linear weirs. This is of particular importance when the
weir acts as a flood discharge structure because the
flow over due to flooding is thus facilitated [2].
The research on labyrinth weirs includes efforts
for describing the hydraulic behavior of these structures as well as proposing methods for their design.
Collision of different stream layers at the downstream of labyrinth weirs leads to greater aeration as
compared with straight weirs. This would not only
improve water quality, but also reduce the probability of negative pressure and cavitation, thus leading
to a substantial decrease in dam and weir maintenance costs [3].
Early studies byHay and Tylor showed that the
efficiency of labyrinth weirs was independent of the
w/p ratio. These researchers also examined the
respective efficiencies of labyrinth weirs with
triangular and trapezoidal planforms and compared
them with those obtained for linear weirs with sharp
edges, concluding that the triangular planforms produced a higher efficiency than trapezoidal planforms
[4]. However, the complementary studies conducted
by Falvey showed that reducing the w/p ratio below
a certain value would lead to a sharp decrease in weir
efficiency [1].
Darvas used the experimental results obtained
from the physical models of Veranova and Owen
weirs in Australia to present a set of curves for
designing labyrinth weirs. Studying the effect of the
discharge coefficient on labyrinth weirs, Cassidy et
al concluded that the value of this coefficient at
higher flow heads decreased as compared with
straight weirs [5, 6].
Conducting experiments on the physical model
of a labyrinth weir, Lux obtained the discharge
coefficient of these weirs as a function of their total
upstream head [7].
Kumar et. al. conducted tests on a linear arch
plan weir inside a channel and concluded that the increased crest length resulting from arching the weir
can increase water discharge capacity [8].
Crookston B.M., and Tullis experimentally
studied the interference characteristics of the freefalling nappes and local submersion in castellated

ABSTRACT
Labyrinth weirs are effective and economic
solutions where there are width and water level
limitations at the upstream of the weir construction
site. Due to its increased crest length within a given
width, a labyrinth weir can pass a higher flowrate
through its zigzag section (at the same hydraulic
load) compared to straight weirs. The main hypothesis in the development of weirs is that the discharge
capacity over the weir can be increased by increasing
the length of the crest within a given transverse distance. This study examines the discharge coefficient
of single-cycle and double-cycle arch plan weirs under different hydraulic heads. The obtained results
showed that increasing the weir hydraulic head
(Hd/P) from 0.03 to 0.65 would decrease Cd by about
52%. In addition, the discharge coefficient in the
double-cycle weir was considerably greater than that
in the single-cycle weir, with the Cd in the former
being 57% greater than that in the latter under the
most favorable conditions.

KEYWORDS:
Labyrinth weir, discharge coefficient/flowrate coefficient,
cycle, discharge-scale curve

INTRODUCTION
During flooding peaks, a great volume of water
passes over dam weirs in a very short time. For this
reason, weirs with high water discharge coefficients
are desirable structures. Labyrinth weirs are constructed to produce discharge coefficients greater
than those in straight weirs. Labyrinth weirs also
produce greater reserve volumes in the dam reservoir
[1].
One of the effective ways of increasing the
overflow length within a given width is using weirs
with nonlinear plans (e.g. triangular, trapezoidal,
circular, parabolic, etc.) called polyhedral, castellated, or labyrinth weirs. These can be constructed as
single- or double-cycle structures. Building such
weirs would increase the flow over and require a
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triangular weirs with two and four cycles at different
apex angles [9, 10].
They showed that, due to less interference between free-falling nappes at lower flowrates, the discharge coefficient from the linear weir was greater,
and that such interference increased at higher
flowrates. This caused the discharge coefficient to
decrease towards the values obtained for broadcrested weirs. They also examined the results obtained by Housto on extending labyrinth weirs into
the dam reservoir and the different weir positions inside the reservoir [11]. Through examining the superior performance of arch labyrinth weirs, they concluded that the increased discharge coefficient in this
type of weir is due to the more favorable orientation
of the inlet flows in different cycles. Conducting
experiments on single-cycle labyrinth weirs with
rectangular and U-shaped plans, Haydaypour et al
concluded that increasing weir head would lead to a
corresponding increase in the discharge coefficient
at a given HT/P (i.e., ratio of total upstream energy
to weir head) [12]. By comparing the corresponding
values, they showed that increasing the length parallel to the direction of flow in labyrinth weirs would
reduce the discharge coefficient (Cd), and increasing
the length in a direction perpendicular to flow would
increase the discharge coefficient.
Yassi and Mohammadi studied the effect of
changing the flood-level rim radius of curvature in
two-cycle labyrinth weirs with triangular, trapezoidal, and rectangular planforms [13]. Their results
showed that arch weir rims would increase weir
hydraulic efficiency.

Fresenius Environmental Bulletin

Geometric and Hydraulic Parameters of
Labyrinth weirs. With due consideration of the
results obtained from previous research, we can conclude that the following factors are effective on the
performance of labyrinth weirs (Figure 1): geometric
parameters including weir width, weir crest length,
weir upstream crest elevation (measured from upstream floor), length of the inner rim, angle between
weir wall and mainstream directions, structural features including crest shape, weir apron, and wall
thickness, operating conditions including the total
hydraulic load, weir aeration and submersion stages,
downstream conditions including crest elevation,
water depth, downstream gradient, etc., upstream
conditions including weir inlet conditions, and shape
of training walls, presence of upstream gradient, etc.
[14].
Exact description of the 3D flow over labyrinth
weirs is not an easy task. The mathematical expression derived for this purpose must include the energy
equations, momentum equations, and continuity
equation as well as such parameters as weir geometry, crest shape, local submersion, interference of
stream layers passing over the weir, nonparallel
streamlines, the pressure under the stream nappes,
existence/nonexistence of air cavities behind stream
nappes, surface tension effects, viscosity effects, etc.
The general equation derived by Tullis et. al. for
labyrinth weirs is [15]:

FIGURE 1
Parameters affecting labyrinth weirs performance
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FIGURE 2
The rectangular flume and the arch plan (one and two cycle) weirs installed inside it

FIGURE 3
Digital flowmeter with an accuracy of 0.2 L/s

FIGURE 4
Schematic of the laboratory channel
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The arch labyrinth weirs (single and doublecycle) were then tested at different flowrates (Figure
2). The labyrinth weirs were made of Plexiglas. In
all the tests, the upstream and downstream bed
elevations were equal. The width of the discharge
was 30 cm and the ratio of cycle width to weir height
was adjusted at 3, 22.5, and 2. Thickness t was 5 mm
and the weir rim diameters A in both single and
double cycle cases were 7 and 3.5 respectively. A
thickness of 5 mm was selected for the flat crest.
Each weir geometry was subjected to 12 flows with
different hydraulic loads so that the effect of the
H0/P parameter on the studied weirs performance
could be determined with greater precision. Tables 1
and 2 present the geometric and hydraulic specifications of the tested weirs.

In this equation, Q is the flowrate passing over
the weir, L is the characteristic length (e.g. weir crest
length), g is acceleration of gravity, H0 is the total
hydraulic load, and Cd is the nondimensional discharge coefficient (determined from experiment).
Upon conducting dimensional analysis and eliminating the constant parameters, we studied the effects of
the following two constants on Cd in labyrinth weirs:
Cd = F (Q, n)

MATERIALS AND METHODS
The experiments were conducted on test
models in a test flume (10m x 0.3m x 0.6m) at
Hydraulic
Laboratory,
Training
Complex,
Khouzestan Water and Power Organization, Iran.
The transparent flume walls were made of glass,
making observation of water profile and flow conditions during the tests possible. The flume was of the
free-flow type. To obtain more exact results, we ensured that all the sections of the flume had been
properly sealed before commencing the experiments. The specifications of different flume sections
and the laboratory apparatus used in this study are as
follows (Figures 2 and 3):
Flume supply water reservoir
Digital flowmeter (measuring accuracy: 0.2
L/sec)
Laminar flow stabilizer at flume inlet
Water submersible pump (pipe diameter: 3
inches; max. flowrate: 120 m³/h)
The constant bed of the flume was horizontal
without any slope (within the practical range of accuracy). Water was first drawn from the ground reservoir via the pump and guided to the settling (head)
tank at the upstream inlet to the flume. The inlet flow
to the channel and passing over the weir was laminar.
Upon changing the flowrate, the hydraulic conditions of the flow passing over the weir were studied
and recorded. Ultimately, the flow would enter
(upon passing over the weir through the downstream
channel) the pumping reservoir so that the cycle
could be repeated (Figure 4).

DISCUSSION
Effect of Weir Water Head (Hydraulic
Load) on Discharge Coefficient. Labyrinth weirs
with geometric (rectangular, triangular, trapezoidal,
arched, width. In this study, we experimentally
examined the hydraulic performance of arch plan
weirs with different number of cycles. Comparison
showed that upon increasing the hydraulic load in all
the studied cases, the discharge coefficient underwent an initial increase followed by a decrease.
Local submersion occurred within the HT/P>0.48
region.
According to Diagram 1, maximum Cd occurred at a flowrate of 10 m3/s for the 2-cycle weir
with a width to head ratio of w/p=3. In both the single- and double-cycle weirs, Cd increased with
increasing weir height ratio (P).
Effect of Number of Cycles on Cd in Arch
plan Weirs. As observed in Diagram 2, the singlecycle weir heights for w/p=3, w/p=2.5, and w/p=2
were obtained as 10, 12, and 15 cm respectively (the
channel width was 30 cm for all the tests). Moreover,
as w for the double-cycle weir was 15 cm, the
corresponding weir heights in this case were obtained as 5, 6, and 7.5 respectively.

TABLE 1
Geometric and hydraulic specifications of zigzag arch plan weirs with one cycle
Model
Cycle-Single

W (cm)
30

P/w
2,2.5,3

L (mm)
286

T (mm)
5

N
1

Weirs formplan
Arched

Tests of No
36

TABLE 2
Geometric and hydraulic specifications of zigzag arch weirs with two cycle
Model
Cycle-Double

W (cm)
30

P/w
2,2.5,3

L (mm)
143

T (mm)
5
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2

Weirs formplan
Arched

Tests of No
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DIAGRAM 1
Effect of flowrate on Cd in one- and two-cycle arch plan weirs
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DIAGRAM 2
Variation of flowrate against Cd for weirs with different number of cycles

low hydraulic loads, this difference was large at first,
but subsequently decreased as we approached the
submergence flowrate. Increasing w/p led to increased discharge coefficients, and at w/p=3, the discharge coefficient in the 2-cycle weir at small

The submergence flowrate, though different in
different cases, occurred in the range HT/P > 0.48
for all the studied cases.
In general, the values of Cd in the 2-cycle weir
were greater than those in the single-cycle weir. At
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flowrates was 84% greater than that in the singlecycle case. At flowrates close to the submergence
flowrate, the value of Cd for the 2-cycle weir was
about 44% more than of the single-cycle weir.
At w/p=2.5, the Cd for the two-cycle weir was
greater than that of the one-cycle weir. This increase
was circa 66% at low flowrates, but then increased
to 46% as we approached the submergence flowrate.
As in the two previous cases, at w/p=2, the
value of Cd for the 2-cycle weir was greater than of
the single-cycle weir. The difference was initially
43% at low flowrates, but increased to about 35% as
the submergence flowrate was approached.

CONCLUSION
Regarding the effect of hydraulic conditions on
Cd, we conclude that discharge coefficient initially
increases with hydraulic load, but then undergoes a
sharp decrease. Moreover, the discharge coefficient
in the arch plan weir with two cycles was greater
than that of the single-cycle weir (Cd in the 2-cycle
weir was circa 44% and 35% higher than that in the
single-cycle weir at low and high flowrates, respectively). These figures indicate that the efficiency of
a 2-cycle weir is greater than that of a single-cycle
weir.
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and wetlands, the degradation of permafrost would
inevitably lead to the destabilization, or even
shrinkage and drainage of wetlands [5]. Recent
warming at high-latitudes has accelerated permafrost thaw in northern wetlands [6]. Widespread degradation of permafrost and the concomitant expansion of thermokarst-related landforms have the
potential to significantly affect the composition,
distribution and extent of plant communities in the
arctic and subarctic [7,8]. Moreover, degradation of
permafrost and vegetation could accelerate the
effects of climate change on the permafrost
environment [9,10].
Soil enzymes play an important role in the
nutrients cycling. They are indicators of soil quality
and key to soil ecosystem functioning [2]. More
recently their role in the C cycle and thereby climate
change has become an increasingly popular area of
research. In peatlands, anaerobic conditions prevent
phenol oxidase, thus allowing phenolic materials to
accumulate and inhibit the pivotal hydrolase
enzymes responsible for peat decom-position. In
turn, this process contributes to organic matter
accumulation [11,12]. Soil dehydrogenase is
considered to be an endocellular enzyme, playing an
LQWHJUDO SDUW LQ PLFURELDO PHWDEROLVP >@ ȕGlucosidase catalyzes the hydrolysis of cellobiose,
and thus, plays a major role in the initial phases of
the decomposition of organic C compounds [14].
Invertase plays an important role in increasing the
soluble nutrients in the soil [15]. Research on urease
and phosphatase were also important be-cause the
enzymatic reaction products, ammonia and inorganic
phosphorus are the sources of plant nutrition [14].
Soil enzyme activities are affected by vegetation
type, SOC, and moisture content in the permafrost
regions of the Qinghai-Tibetan Plateau [2].
Measurement of enzyme activities in perma-frost
wetland can give an indication of the eco-systems
biogeochemical processes, and rates of nut-rient and
carbon cycling.
Soil microbial biomass is part of the active
SOM pool, and functions both as agent for
transformation and cycling of organic matter and
plant nutrients within the soil and as a sink source of
plant nutrients. Over short periods, changes in

ABSTRACT
Soil enzyme activities are sensitive indicators
of soil organic matter (SOM) dynamics brought
about by climate change. The distribution of soil
enzyme activities in wetlands from different types of
frozen region in Northeast China was evaluated in
this paper. The results showed that the specific
enzyme DFWLYLWLHVRIȕ-glucosidase, invertase, dehydrogenase, urease, and acid phosphatase showed the
highest values in seasonally frozen ground indicating faster turnover rate of SOM. Specific activities of invertase and acid phosphatase were higher
in discontinuous permafrost than in continuous
permafrost. The temperature, SOM and vegetation
species regulated soil enzyme activities. Soil
dehydrogenase and urease activities increased with
soil MBC (microbial biomass carbon) concentrations. ȕ-Glucosidase and acid phosphatase
activities were significantly related to DOC (dissolved organic carbon) concentrations suggesting that
these two enzymes drive the release of labile components from the SOM. This study helps better
understanding relations between soil enzyme and
soil labile carbon fractions, and further facilitates the
understanding of the stability of soil carbon pool in
permafrost wetland of Northeast China.

KEYWORDS:
Soil enzyme, Wetland, Permafrost, Dissolved organic
carbon, Microbial biomass carbon.

INTRODUCTION
Permafrost occupies 22% of the exposed land
surface of arctic and boreal regions in the northern
hemisphere [1]. As the product of a cold climate,
permafrost is extremely sensitive to climate change
[2]. The biogeochemical cycles of permafrost in
high-latitude regions have therefore received much
attention. More than 50% of wetlands are located in
the high northern latitudes, where permafrost also
prevails and exerts a strong control on wetland
hydrology [3,4]. Due to the symbiosis of permafrost
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TABLE 1
Site Descriptions and Soil Properties in Wetlands from Different Types of Permafrost Region
Sampli
ng sites

Site location
(latitude N;
longitude E)

Wetlan
d type

Soil type

TQF

52°56ƍN,
122°52ƍE

Fen

Peat soil

YHF

48°08ƍN,
128°39ƍE

Fen

Peat soil

YHM

HHM

48°10ƍN,
128°39ƍE
47°35ƍN,
133°29ƍE

Marsh

Marsh

Boggy
meadow
soil
Boggy
meadow
soil

Mean annual
precipitation
(mm)

Mean annual
temperature
(Ԩ)

Permafrost
type

Climate

Continuous
permafrost

Cold
temperate
monsoon

400

-5.5

Discontinuo
us
permafrost

Humid
temperate
continental
monsoon

630

0.4

Seasonally
frozen
ground

Humid and
sub-humid
monsoon

558

2.5

SOC
(g kg-1)

TN
(g kg-1)

C/N

pH

371.7±1.
3

19.8±0.1

18.8

4.0±
0.1

245.3±1.
8

12. 8±1.7

19.2

4.6±
0.2

Ass. Carex schmidtii

203.7±0.
9

15.2±1.5

13.4

5.1±
0.1

Ass. Calamagrostis
angustifolia

35.8±0.7

6.7±0.7

5.3

5.0±
0.1

Dominated species
Ass. Ledum palustre Vaccinium uliginosum Sphagnum
Ass. Larix gmelinii ± Betula
ovalifolia ± Vaccinium
uliginosum ± moss

TQF: fen in Tuqiang Forestry Bureau; YHM: marshland in Youhao Forestry Bureau; YHF: fen in Youhao Forestry Bureau;
HHM: marshland in Honghe Farm. TQF is in the continuous permafrost. YHM and YHF are in the discontinuous permafrost. HHM is
in the seasonally frozen ground. Data represent means±SD (n=3). The mean annual temperature and annual precipitation are based on
the long-term record from the weather stations

soil enzyme activities, and consequently, on soil C
dynamics in permafrost wetland of Northeast China.

microbial biomass carbon (MBC) are sensitive
indexes of changes in the content of SOM [16].
Biomass is also a potential source of enzymes in soil
[17]. Dissolved organic carbon (DOC) is a mixture
of organic compounds ranging from simple, shortchain to complex humic substances [18]. Soil
enzyme activities may also be related to DOC release
because hydrolyzing enzymes dis-charge organic
moieties from vegetation residues and SOM [19].
DOC cycling, particularly in areas affected by
permafrost, is of particular interest in the light of
changing climate in northern latitudes [20]. Soil
MBC and DOC have been identified as the important
fractions in the active soil organic carbon (SOC)
pool. Consequently, research on the soil DOC and
MBC specifically their relationships with soil
enzymes is vital for investigate the mechanisms that
regulate SOM stabilization.
Northeast China has the second largest expanse
of permafrost in China [5]. Permafrost in the Da and
;LDR;LQJ¶DQOLQJ0RXQWDLQVLQQRUWK-eastern China
is warm, thin and sensitive to clima-tic warming
[21]. The degeneration processes of wetland and
permafrost in the Da -;LDR;LQJ¶ anling Mountains
are coincident. The Sanjiang Plain belongs to
seasonal frozen zone and inhabits the largest
freshwater wetland area in China [22]. During the
next 100 a, permafrost degradation would occur in
northeastern China due to warming climate, the area
of stable permafrost would be substantially reduced
while areas of unstable permafrost and seasonal
frozen ground would increase the recession of
wetlands has been taking place along with the
degradation of permafrost [5]. The study area was
located in northeastern China and encompasses three
different types of frozen soil region: the continuous
SHUPDIURVW LQ 'D ;LQJ¶ anling Mountains, the
GLVFRQWLQXRXV SHUPDIURVW LQ ;LDR ;LQJ¶DQOLQJ
Mountains, and the seasonal frozen ground in
Sanjiang Plain. The objectives of this research are: i)
to monitor the spatial distri-bution of soil enzymes in
a wetland ecosystem from different types of frozen
soil region of Northeast China; and ii) to study the
relations between enzyme activities and soil MBC
and DOC; iii) to analyze the potential effects of
climatic change on

MATERIALS AND METHODS

FIGURE 1
Spatial arrangement of four study sites in the
Northeast China. (TQF: fen in Tuqiang Forestry
Bureau; YHM: marshland in Youhao Forestry
Bureau; YHF: fen in Youhao Forestry Bureau;
HHM: marshland in Honghe Farm. TQF is in
the continuous permafrost. YHM and YHF are
in the discontinuous permafrost. HHM is in the
seasonally frozen ground.)
Research sites. The research was conducted in
Northeast China along a latitudinal gradient (52° N
to 47° N) and on different types of frozen soil region,
namely, continuous, discontinuous perma-frost, and
seasonally frozen ground regions (Fig. 1). The active
layer ranges from 50 to 60 cm and from 60 to 70 cm
above the permafrost layer in the continuous
permafrost and discontinuous perma-frost. Soils
entirely melt during summer in the seasonal frozen
ground. The locations from north to south were
Tuqiang (TQ) )RUHVWU\%XUHDXWKH'D;LQJ¶DQOLQJ
Mountains, Youhao (YH) Forestry Bureau, the Xiao
;LQJ¶DQOLQJ0RXQWDLQVDQG+RQJKH ++ )DUPLQ
Sanjiang Plain. For the discontinuous permafrost
regions, two different types of wetlands (fen and
marshland) were investigated. Fen is a type of
wetland ecosystem characterized by peaty soil,
2870



Volume 26 ± No. 4/2017 pages 2869-2878

which has moderate fertility and host a diverse
community of plants, the water table is relatively
constant. Marshland is a type of wetland ecosystem
characterized by poorly drained mineral soils and by
plant life dominated by grasses, and has a fluctuating
water level. The eco-climatic characteristics and soil
properties of the research sites are summarized in
Table 1. At each site, soil samples were taken four
times in June, July, August, and September 2010, as
the active layer thickens were deep enough for soil
sampling. For each wetland, three squares of 100 m2
were selected. In each square five soil cores of 0±20
cm depth were taken and then mixed into a
composite sample. Subsequently, the sample was
divided into two subsamples. One subsample was
freeze dried to determine soil ȕ-glucosidase,
invertase, urease, and acid phosphatase activities.
The second subsample was kept at 4 °C until
dehydrogenase activities, MBC and DOC contents
were determined. Part of the soil collected in August
was air dried to determine SOC, total N, and pH.
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Chemical and Biochemical Analyses. Soil
enzyme assays measure the potential activities of
persistent and accumulative enzymes in soils by
monitoring the formation of products or disappearance of substrates under optimal conditions.
6RLO ȕ-glucosidase activity was assayed by the
method of Tabatabai (1994) [24]. Dehydrogenase
activity was determined using the reduction of 2,3,5triphenyltetrazolium chloride (TTC) method of
Tabatabai (1994) [24]. Soil dehydrogenase acti-vity
was expressed as mg TPF kg soil-1 24 h-1 6RLO ȕglucosidase activity was expressed as mg pNP kg
soil-1 h-1. Soil invertase and urease activities were
assayed following the methods of Guan (1986) [25].
Invertase activity was expressed as mg glu-cose g
soil-1 24 h-1. Urease activity was expressed as mg N
-NH4+ g soil-1 24 h-1. Acid phosphatase activity was
assayed with 5 mL p-nitrophenyl phos-phate (pNPP)
substrate [26]. Acid phosphatase activity was
expressed as mg pNP g soil-1 12 h-1.
Soil MBC was determined by fumigation±
extraction method [27]. The fumigated and non-

b

b

c
d

Aug

a

b

b
60

Sept

YHF
HHM

July

FIGURE 2
Soil enzyme activities distribution in wetlands
from different types of frozen region. TQF: fen
in Tuqiang Forestry Bureau; YHM: marshland
in Youhao Forestry Bureau; YHF: fen in
Youhao Forestry Bureau; HHM: marshland in
Honghe Farm. TQF is in the continuous
permafrost. YHM and YHF are in the
discontinuous permafrost. HHM is in the
seasonally frozen ground. Error bars represent
the standard error of the means (n=3). Small
letters indicate significant differences at P<0.05
level.
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fumigated moist soils were extracted with 0.5 mol L1
K2SO4. The extracts were analyzed for C
concentration using potassium dichromate external
heating. Microbial biomass C was calculated using
the following equation:
MBC = (IXPLJDWHG&íQRQIXPLJDWHG& /0.38.
Soil DOC was determined through the method
of Jones and Willett (2006) [28]. Moist soil samples
were extracted with 50 mL distilled water. The
supernatant was filtered through a 0.45 ȝm filter.
The extracts were analyzed for C concentration with
a Multi N/C 2100 Analyzer (Analytik Jena AG,
Germany).
Soil organic C concentration was determined
by the K2Cr2O7±H2SO4 wet oxidation method of
Nelson and Sommers [29]. Specific activities of soil
enzymes were expressed per unit soil organic
carbon. The total N amount was measured by the
Kjeldahl method using the Kjeltec Auto Analyzer
(Behr Labor Technik, Germany). Soil pH was
determined in a soil:water slurry (1:2.5, w/w; PHS3C, Rex Shanghai, China).
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To determine whether the observed modifications in the enzymatic activities are due to the
organic matter content in the soils or to real differences in enzymatic activities, we used the values of
enzyme activities per unit of organic carbon (specific activities). All the five specific enzyme activities showed the highest values in seasonally frozen ground (Fig. 3). Average specific activities of
invertase and acid phosphatase followed the same
order: continuous permafrost (TQF) 㸺 dis-continuous permafrost region (YHF and YHM) 㸺 seasonally frozen ground (HHM) (Fig.3B and Fig.3E).
However, there were no significant differ-ences for
averagH VSHFLILF DFWLYLWLHV RI ȕ-gluco-sidase, dehydrogenase, and urease between conti-nuous permafrost and seasonally frozen grounds. Moreover, in
the discontinuous permafrost region, all the five
enzyme activities showed no significant differences
between the two different types of wetland.
(A)

5000
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b
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b

b

0
TQF

YHF

YHM

HHM

Invertase
-1
-1
(mg glucose g C 24h )

2000

RESULTS
Soil enzyme activities. Soil enzyme activities
among different types of frozen soil regions varied
ZLWK WKH W\SH RI HQ]\PH WHVWHG $YHUDJH ȕglucosidase activities were lower in the seasonally
frozen ground (HHM) (143.8 mg pNP kg soil-1 h-1)
(Fig.2A), but average dehydrogenase activities
(892.2 mg TPF kg soil-1 24 h-1) were higher than
those in continuous permafrost and discontinuous
permafrost (Fig.2C). No significant difference of
dehydrogenase activities between continuous
permafrost and seasonally frozen grounds was
observed. Average soil invertase activities in
continuous permafrost were lower than those in
other sites (Fig.2B). Average urease activities in the
discontinuous permafrost region were lower than
those in continuous permafrost and seasonally frozen ground (Fig.2D). An approximately 1.2-fold
difference in average acid phosphatase activities
between the highest in continuous permafrost and
lowest in seasonally frozen ground was obtained
(Fig.2E).
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E-glucosidase

Statistical Analysis. Data were analyzed using
SPSS software (v. 13.0) with an accepted
VLJQLILFDQFHOHYHORIĮ 2QH-way analysis of
variance (ANOVA) was performed to determine the
significant differences in soil properties between the
treatments. A separation of means was con-ducted
XVLQJ )LVKHU¶V OHDVW VLJQLILFDQW GLIIHUHQFH WHVW $OO
data were normally distributed and met the
assumptions of the ANOVA (data not shown). In
DGGLWLRQ WKH 3HDUVRQ¶V FRUUHODWLRQ FRHIILFLHQWV
between soil enzyme activities and MBC, DOC
concentrations and soil pH were calculated.

(mg pNP kg C h )

a
4000

YHF

YHM

HHM
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40

correlation between dehy-drogenase activities and
DOC concentrations (P<0.001). While all the tested
soil enzyme activities were not related to soil pH.
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FIGURE3
Average soil specific enzyme activities in
wetlands from different types of frozen region.
TQF: fen in Tuqiang Forestry Bureau; YHM:
marshland in Youhao Forestry Bureau; YHF:
fen in Youhao Forestry Bureau; HHM:
marshland in Honghe Farm. TQF is in the
continuous permafrost. YHM and YHF are in
the discontinuous permafrost. HHM is in the
seasonally frozen ground. Small letters indicate
significant differences at P<0.05 level.
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FIGURE 4
Soil MBC and DOC concentrations in wetlands
from different types of frozen region. TQF: fen
in Tuqiang Forestry Bureau; YHM: marshland
in Youhao Forestry Bureau; YHF: fen in
Youhao Forestry Bureau; HHM: marshland in
Honghe Farm. TQF is in the continuous
permafrost. YHM and YHF are in the
discontinuous permafrost. HHM is in the
seasonally frozen ground. Error bars represent
the standard error of the means (n=3). Small
letters indicate significant differences at P<0.05
level.

Soil MBC and DOC concentrations. Average
MBC was higher in the continuous permafrost (3217
mg kgí1) and seasonally frozen grounds (2819 mg
kgí1) than those in the two different types of wetland
in the discontinuous permafrost region (1680 and
917 mg kgí1 for YHF and YHM) (Fig.4A). Average
DOC ranged from 66.3 mg kgí1 to 487.2 mg kgí1.
Generally, the ave-rage decreased in the continuous
permafrost and seasonally frozen grounds. No
significant differ-ence in DOC contents was
observed between the two types of wetland in the
discontinuous perma-frost region (Fig.4B).

DISCUSSION
Soil enzyme activities in natural environments
are controlled by abiotic factors (e.g., temperature
and water potential) and biotic processes (e.g.,
enzyme synthesis and secretion) [30]. In this study,
all five enzymes showed the highest specific
activities in seasonally frozen ground, which like
wise registered the highest temperature. Moreover,
specific activities of invertase and acid phosphatase
were higher in discontinuous permafrost than in
continuous permafrost. This may be due to temperature regulates soil enzyme activities as described
by related studies [31]. As a key factor, temperature
regulates biochemical processes of terrestrial

Correlations between soil enzyme activities
and MBC, DOC concentrations and soil pH.
Significant positive interactions were observed
between activities of dehydrogenase (P<0.01) and
urease (P<0.001) and MBC concentrations (Table
2). DOC concentrations also showed highly
significant positive correlation with MBC concentrations (P<0.001)$FWLYLWLHVRIȕ-gluco-sidase and
acid phosphatase showed highly significant positive
correlation with DOC concentrations (P<0.001).
However, we found a highly significant negative
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TABLE
Correlation Matrix Between Soil Enzyme Activities and Concentrations of MBC and DOC,
and soil pH
ȕ-glucosidase
invertase
dehydrogenase
urease
acid phosphatase
MBC
DOC
pH

ȕglucosidase
1
0.169
-0.437**
-0.003
0.482***
0.192
0.645***
-0.846

invertase

dehydrogenase

urease

1
-0.304*
-0.507***
0.351*
-0.518***
-0.359
0.427

1
0.646***
-0.628***
0.377**
-0.476***
0.419

1
-0.079
0.725***
0.121
-0.265

acid
phosphatase

1
-0.065
0.433***
-0.625

MBC

1
0.465***
-0.590

DOC

pH

1
0.931

1

Significance level: p< 0.001 (***), p< 0.01 (**), p < 0.05 (*), p> 0.05 (NS, non-significant).
changes of enzymes, and/or availability of substrates and enzymatic co-factors [43]. The effects of
pH on the activities of soil enzyme have been
reported by others [43-44]. But in the current study,
the activities of tested soil enzymes were not
correlated with soil pH. Because all the soil was
acidity and variations of pH value (from 4.0 to 5.1)
do not seem sufficiently great to establish
differences in enzyme activities.
Soil MBC generally has been considered as a
sensitive indicator of changes in soil processes
because of its ability to generate a faster rate of
turnover than total SOM [45]. In the present study,
monthly mean MBCs at continuous permafrost were
significantly higher than those at discontinuous
permafrost, but monthly mean MBCs at
discontinuous permafrost were significantly lower
than seasonally frozen grounds. Soil organic carbon
provides substrates for soil microorganisms; and
more substrates may be benefit from the faster
turnover of soil microbial biomass [40]. Therefore,
the larger amounts of SOC are the possible reasons
for the higher microbial biomass in continuous
permafrost. The higher MBC in seasonally frozen
ground can be explained by higher temperatures,
because that soil microbial immobilization of C was
significantly enhanced by warming [46]. Precipitation may be another reason for the changes of
MBC. Increased precipitation can stimulate soil
microbial activities and significantly increased
MBC, as soil moisture was a significant driving
factor for MBC [47,48]. In addition, increased
precipitation enhanced plant coverage [49]. The
responses of plant to precipitation could be an
indirect driver of microbial biomass. Although the
mean annual precipitation in continuous permafrost
and seasonally frozen grounds was lower than
discontinuous permafrost, but precipitation was
higher in these two sites during our sampling period,
therefore soils from the continuous perma-frost and
seasonally frozen grounds had the higher MBCs.
DOC is a relatively mobile and labile form of
SOC. The sources of DOC in wetland soil include
exudates from living vegetation and incompletely
decomposed organic soils and vegetation litter
[50,51]. In our study, DOC pool was highest in soils

ecosystems and influences enzyme activities by
indirectly increasing microbial growth and substrate
availability [31,32]. Changes in temperature can
affect enzyme production, which in turn affects
potential enzyme activities [33]. Higher air temperatures in seasonally frozen ground result in higher
soil temperatures, which in turn could considerably
increase the activities of soil enzymes. As well as
temperature, vegetation may be another reason for
differences of soil enzyme activities [2,34]. Plants
can influence the soil enzyme activities by excreting
exogenous enzymes, and affect species composition
and diversity of microbes by releasing exudates and
oxygen into the rhizosphere that indirectly affect
enzyme activities [35]. Moreover, the different
vegetation produce litter of different quality,
therefore supply different substrates to enzymes. The
continuous permafrost is generally dominated by
Sphagnum. The accumulated phe-nolic compounds
in the cell wall of Sphagnum minimize the activities
of hydrolytic enzymes, leading to retarded rates of
organic matter decay [11,36]. Since specific enzyme
activity values give an estimate of how suitable the
organic matter is to degradation by enzymatic
reactions and are thus believed to be a measure of
organic matter quality [37]. The increase in specific
enzyme activities in soil suggested an enhancement
of C mineralization [38]. Therefore, the higher
specific activities of enzymes in seasonally frozen
soil may indicate faster turnover of soil C.
The soil enzyme analyses conducted in the
SUHVHQW VWXG\ LQGLFDWH D EURDGHU FRQWH[W IRU ȕglucosidase and acid phosphatase in SOM storage.
The enzymes of ȕ-glucosidase and acid phosphatase
were more active in soil from continuous permafrost
and discontinuous permafrost regions and where
SOC content was likewise higher. The quantity of
SOM may be the reason for this phenomenon.
Several studies have revealed WKDWȕ-glucosidase and
acid phosphatase activities were positively
correlated with SOC [39-42]. The result implies that
ȕ-glucosidase and acid phosphatase can
be useful tool as indicator for reflecting soil organic
C condition. Soil pH is important to affect enzyme
activity through its controls on microbial enzymatic
production, ionization-induced conformational
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from continuous permafrost, which has the highest
SOC. Dou et al. (2008) [52] and Liang et al. (2012)
[53] also found that DOC is positively correlated
with SOC. The primary vegetation in continuous
permafrost is Sphagnum community, which rapidly
contributes recently synthesized C to the peatland
DOC pool [54]. Moreover, the cool, wet, and anoxic
conditions found in peatlands are the ideal
conditions for DOC production [18]. On the other
hand, species produce litter with different chemical
composition and degradability, and these differences
might influence the composition and reactivity of
DOC [55]. DOC extracted from Sphagmum moss
dominated wetland has higher aromaticity and lower
biodegradability than samples from sedge dominated
wetland [56]. Thus the DOC in continuous
permafrost soils is difficult to decompose by
microbes, and result in higher DOC concentrations.
The mean value of DOC/SOC for seasonally frozen
ground (18.5%) was higher than continuous
permafrost (13.1%), and dis-continuous permafrost
(8.8%). Higher temperature is known to stimulate
biological activity and decomposition rates,
affecting the release of DOC from SOM [18]. Hence,
a relatively higher tempe-rature in seasonally frozen
ground results in a greater proportion of DOC to
SOC.
Significant correlations were observed between activities of dehydrogenase and urease and
MBC (Table 2). The results are consistent with
previous reports on the close relationship between
dehydrogenase activity and microbial biomass in
tallgrass prairie soil [57,58]. Moreover, positive
correlation between urease and MBC has been noted
in earlier studies [17,56]. These results indicate that
dehydrogenase and urease are good indicators of
microbial activities. Soil ȕ-glucosidase and acid
phosphatase activities correlated strongly and
positively with DOC concentrations, which suggest
that these two enzyme activities may be driving the
release of DOC from the SOC pool. The significant
relationship between acid phosphatase and DOC has
been also observed by Nosrati et al. (2012) [19] and
King et al. (2008) [59]. The same result has been
DFKLHYHGLQWKHFDVHRIȕ-glucosidase, with activities
correlating strongly and positively with DOC
concentrations [60]. The observation highlights a
complexity that must be understood if we are to
accurately model C cycling within the wetland
system [59]. Strong correlation exists between MBC
and DOC because DOM is an important labile
fraction and valuable C source for microbes that
responds rapidly to environmental changes and
management practices [61]. DOC has also been used
as an indicator of C availability to soil
microorganisms [62]. Moreover, soil microbial
biomass is considered a potentially important source
of DOM due to its high lability [63].

CONCLUSIONS
,Q FRQFOXVLRQ VRLO HQ]\PH ȕ-glucosidase,
invertase, dehydrogenase, urease, and acid phosphatase) distribution in wetlands from different types
of frozen soil region was related to differ-ences in
temperature, SOM, and vegetation species. All of the
five enzymes showed the highest specific activities
in seasonally frozen ground. Moreover, specific
activities of invertase and acid phosphatase were
higher in discontinuous perma-frost than in
continuous permafrost. There were significant
correlations between dehydrogenase, urease and soil
0%&ȕ-Glucosidase and acid phosphatase drive the
release of labile components (DOC) from the SOC
pool. The continuing permafrost de-gradation may
degrade continuous permafrost into discontinuous
permafrost, and eventually, into sea-sonally frozen
ground. Thus, soil enzyme activities may provide a
more sensitive indication of perma-frost
degradation, our results suggest a likely in-crease in
specific activities of soil enzyme, and then change
soil labile C pool of permafrost wetland in response
to climate changes.
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detergents and disinfectants for food industry, electric batteries, chemical plant activity, or as a residue
resulting from the burning of fossil fuels [10]; from
improper urban and industrial waste dumps [11]. In
high concentrations, it acts as a neurotoxic substance
for humans regardless of route of exposure: inhalation or ingestion [12, 13].
Perhaps because of the high tolerance of
humans to Mn toxicity [14], the number of studies in
Romania regarding it as a possible pollutant is very
low [15], none being found published in the literature for the considered urban area: Bacau City [15,
16]. Thus, one of the goals of the current research
was to establish an initial database by determining
Mn concentrations from locations dispersed across
the entire area of the city and nearby surroundings
covering all types of possible pollution sources, and
analysing the results in relation with National
Thresholds [17].
The main objective was to identify active
pollution sources and assess their contribution to the
total variance in observed Mn concentration. An
assessment of the influences was conducted using
geostatistical methods applied to the spatial distribution of Mn concentrations [18]. The factors identified were used as predictors in a multiple linear
regression analysis to determine the magnitude of
their association with Mn concentration.

ABSTRACT
One of the essential elements for the growth of
living organisms, and one of the most naturally
abundant elements in the environment, Manganese
has also a large range of anthropogenic sources,
especially in industrialized urban areas. Perhaps because of the high tolerance of humans to Mn toxicity,
the number of studies in Romania regarding it as a
possible pollutant is very low, with none published
for Bacau City. The data from 89 top soil samples
dispersed across the entire area of the city and nearby
surroundings were analysed using geostatistical
Kriging interpolation in order to identify possible
pollution sources and their range of influence. Three
potential covariates, land use, road traffic and the
height of buildings, were identified and their influence on Mn concentration was modelled using multiple regression. To represent the effect of road traffic,
two potential sources of pollution were predicted
based on spatial analysis of the road network: (i) gas
dispersion based on a 1 km spatial kernel smoother
and (ii) mechanical friction based on a 10 m spatial
kernel smoother. Land use was found to explain
50%, road traffic (both components were significant)
20.9% and the height of buildings 15.8%, of the variance in Mn concentration.

KEYWORDS:
manganese, linear regression, geostatistic, Kriging, urban,
pollution.

MATERIALS AND METHODS
Study area. Bacau City is the capital of the
county with the same name, situated in the Eastern
part of Romania, at the intersection of two European
and three national roads. The street network inside
the city is dense, most roads being narrow and a
source of daily traffic congestion. Bacau is crossed
by the Bistrita River and two reservoir lakes, where
a Natural Protected Area for Birds is established.
The urban parks and residential gardens, mainly near
blocks of flats, are small with a higher concentration
in the centre of the city. The courtyards in the Eastern and Southern neighbourhoods are used as
vegetable gardens, the crops being sold on the local
fresh market. Crop fields are located outside the city

INTRODUCTION
Manganese is one of the most naturally
abundant elements in the Earth¶V crust and is essential for all living organisms [1, 2], but it has also a
large range of anthropogenic sources: from
transportation activities, through exhaust gases [3]
and metal particles released during mechanical
movement [4, 5]; from agriculture, through use of
fertilizers and phytosanitary substances [6, 7]; from
mining activities [8, 9]; from various industrial
activities, as component in steel, pigments, industrial
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analyses were performed using the SPSS 20.0 for
Windows software. To identify the pollution
sources, the soil was classified in four disjunctive
categories provided by the following criteria: type of
use and possible ways for people to come into contact with Mn from the soil. The categories are: 1.
agricultural (23 locations), 2. urban green (31 locations), 3. parks (16 locations) and 4. vacant land (19
locations). For the agricultural category, the sampling locations are in crop fields and vegetable gardens, that is, places where people can come into contact with Mn through consumed products. For the
urban green category the sampling points are located
near streets and intersections, or in courtyards, with
contact being possible through inhalation of airborne
PM10 and PM2.5 particles or of dust particles that
rise from the ground. For the third category, the sampling locations are in the parks of the city, in the
natural sites of the Natural Preserved Area and on the
Bistrita River Banks. In this case, contact with Mn
particles is possible through inhalation of dust
particles or by ingestion in play areas. The category
vacant land includes areas around industrial facilities or waste management units; land classified as
unusable for housing or agriculture.
Maps of pH and Mn concentration were
generated using ArcGIS 10 and specifically, the
Ordinary Kriging interpolation method. The accuracy of the distribution map was assessed through
analysis of spatial distribution of the residuals generated by interpolation [18]. The degree of selfcorrelation of the values observed in the spatial
distribution determined by the sampling locations
was assessed using the *OREDO0RUDQ¶VI index. The
null hypothesis of the test is that the analysed
parameter has a random spatial distribution. The
concentration of highs and lows of the observed values, to identify possible spatial clusters, was assessed using the Getis-Ord General G index. The
null hypothesis of the test is that there are no clusters
of values in the studied area. For both functions, the
calculated values of the indices were analysed in
relation to the significance level (p-value) and the
critical value (z-score) obtained.

borders, cultivated with cereals and used for intensive agriculture until 2000. Heavy industry was
highly developed in the second half of the last century, within of large variety of domains, including
metallurgy and machine building, chemical plants
for fertilizer production, food, textile, leather, wood
and paper processing industries [19]. At the time of
this study, only the units based on the food processing industry and chemical plants were still active
as possible sources of Mn pollution. Because of a
deficient policy regarding urban and industrial waste
landfills practiced until 2010, historic pollution
needs to be considered as another active source of
Mn particulates in the study area. Soil quality in
Bacau County is monitored by the Regional Agency
for Environmental Protection. However, the reports
[15] do not include measurements of Mn concentrations [16].
Soil sampling. 89 locations were established,
65 of them being the nodes of a regular grid with the
cell size of approximately 1 km which covers the entire area of the city and the near surroundings, and
another 24 locations distributed randomly inside the
city boundaries. The spatial pattern of sampling
points was assessed using the Average Nearest
Neighbour tool in ArcGIS. At each location, the
SRLQWFRUUHVSRQGLQJWRWKHFRRUGLQDWHV¶ORFDWLRQZDV
considered as the centre of a 2 m side square, from
which between 5 and 9 topsoil samples (depth of 020 cm) were taken and mixed.
Analytical methods. The preparation of the
soil samples was conducted in accordance with ISO
11464/2010 [20], that is, air dried and sifted by a
sieve with meshes of 2 mm diameter. A soil pH
measuring procedure was developed in accordance
with ISO 10390 /2005 [21] and the manual WTW
pHotoFlex/pHotoFlex Turb [22]. Measurements
were conducted using a glass electrode, in a 1:5
suspension (soil:distilled water), with the mixing
time set at 30 min. An organic component digestion
procedure was developed in accordance with ISO
11466/1995 [23] and manual Milestone START E
Labstation [24]. Aqua regia in a ratio of 3:1 (HCl:
H3NO3), enriched with hydrogen peroxide for 0.2 g
dry soil was used, the extraction of heavy metals being performed in a Milestone's START Labstation
microwave digestion oven. Total Mn was measured
by flame atomic absorption spectrometry using
Varian 240FS equipment, the procedure being developed in accordance with the Varian AA 240FS
Analysis Manual [25]. Quality assurance and quality
control of metal analyses were assessed using five
duplicates, reagent blanks and standard reference
material from Sigma-Aldrich, %RDS being less than
1%.

RESULTS AND DISCUSSION
Descriptive analysis of pH and Mn
concentration. The pH values fell into the categories of moderately acidic (2.25% of the total number
of measured values), slightly acidic (10.11%),
neutral (10.11%), slightly alkaline (74.16%) and
moderately alkaline (3.37%). Considering also the
classification by type of soil use, the moderately
acidic pH values were found only in the category of
agricultural land use, representing 8.70% from the
total number of samples in this category, another
17.39% belonging to the slightly acid range, and the
rest to neutral (26.09%), slightly alkaline (43.48%)

Statistical analysis and GIS mapping.
Descriptive statistics and multiple linear regression
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value was registered below NV and 42% were above
AT, with industry and waste deposits influencing the
nearby land.

and moderately alkaline (4.35%). For the other three
categories of soil use, the pH was found to be mainly
in the slightly alkaline range: 93.75% from total
number of samples in the parks category, 90.32% for
urban green category and 68.42% for vacant land
category. Moderately alkaline values were found in
parks and urban green locations (6.25% and 3.23%
respectively), while slightly acidic pH values were
measured only in the locations from the vacant land
category (26.32% from the total number of samples
in this category).
The measured Mn concentrations were
compared with thresholds from the National Regulations [17]: Normal Value NV ± 900 mg·kg-1 dried
soil, Alert Threshold AT ± 1500 mg·kg-1 dried soil,
Intervention Threshold IT ± 2500 mg·kg-1 dried soil.
Only 15.73% from the total number of observed values were below NV, 58.43% between NV and AT and
the rest, 25.84%, were above AT, but without
exceeding IT. Considering each type of land use, for
agricultural soil, more than 80% of the samples
registered values exceeding NV, 21% exceeding AT,
with inappropriate use of fertilizers by local farmers
being a possible cause. For parks and natural sites,
no value exceede AT, but 37% of the locations were
above NV. These locations are in urban parks, a
possible cause being the airborne transmission of
dust, and in some spots from the riverbanks of the
Bistrita River maybe due to deposit formation of
pollutants brought by the river. For the urban green
category, no value was registered below NV and 32%
were above AT, highlighting traffic as a potential
source of pollution. For the vacant land category no

Spatial distribution. The normality of the
distributions of Mn concentration and pH was assessed using the Kolmogorov-Smirnov test. Mn data
were normally distributed (Statistic = 0.088, df = 89,
Sig.= 0.089), while for pH (Statistic = 0.171, df = 89,
Sig.= 0.000), a transformation using the exponential
function was performed to obtain a sufficiently
normal distribution (Statistic = 0.077, df = 89, Sig. =
0.200).
Getis-Ord General G and Global Moran's I
Spatial Autocorrelation functions were applied to the
Mn concentration. The results obtained (observed
General G index = 0.000 with z-score = 2.66 and pvalue =  DQG 0RUDQ¶V ,QGH[ = 0.034 with zscore = 0.64 and p-value = 0.52) suggest that the
clusters of high values are independent by distance.
The results were confirmed by analysis of the
distribution map of Mn concentrations (Fig. 1a).
Two areas of maximum concentration can be highlighted: one in south of the city, located near the
phosphogypsum landfill, the leakage caused by it being the most probable source; and one in the east, located at a busy road intersection with very high traffic. Also, concentrations of high values were registered in the centre of the city, which can be explained
by the influence of traffic and by the decrease of the
speed of the air currents from the edge to the centre
due to the increasing height of buildings.

FIGURE 1
a) Spatial distribution of Mn concentrations; b) Spatial distribution of pH determined values.
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0.158 (Sig. 0.001) and Durbin-Watson coefficient of
2.073. It can be concluded that the height of the
buildings explains 15.8% of the variance.

Since bioavailability of heavy metals is
favoured by a pH in the acidic domain, the determined concentrations of Mn in the agricultural areas
were also analysed in terms of pH values. Comparing the distribution maps (Fig. 1) it can be observed
that, on agricultural lands where the pH was registered in the acidic range, the values of Mn concentrations are relatively low. Thus, with regard to the
bioavailability of Mn, it can be concluded that there
is a relatively small risk of Mn being absorbed by the
crops.

CONCLUSIONS
The factors found to be statistically significant
as predictors of Mn concentration using linear
regression analysis were: direct sources from agriculture and industrial landfills explaining 50% of the
variance in Mn concentration, road traffic (20.9%)
and height of buildings (15.8%). The existence of
multiple sources of pollution was suggested by the
geostatistical analysis. Exceedance of national
thresholds was registered in the areas influenced by
industrial waste deposits highlighting historic pollution as an active source. A concentration of high values was registered in the centre of the city, and this
can be explained by traffic pollution and, potentially,
by decreasing wind speed from the edge to the centre
because of the increasing height of buildings. The results indicate the influence of the anthropic activities, an important result in the conditions in which an
important part of the similar studies consider that Mn
quantity is controlled mainly by natural sources [2628].
On the agricultural lands where the pH was
registered in the acidic range, the values of Mn
concentrations were relatively low. Thus, it can be
concluded that there is a low risk of Mn becoming
bioavailable through absorption by crops.

Regression analysis. Because several possible
Mn pollution sources exist in the Bacau area and
links between Mn concentrations and pollution
sources were suggested by the geostatistical analysis, a multiple linear regression analysis was performed. Independent factors railway traffic and pH
were found to be not statistically significant (Sig. >
0.50) and, thus, no support was found for their
influence on Mn concentrations in the study area.
Road traffic influence was modelled using two
factors: a kernel density smoothed distribution of exhaust gases with a spatial limit (bandwidth) of 1 km
and a kernel density smoothed distribution of
particulates released during the mechanical movement of vehicles with a spatial limit (bandwidth) of
10 m. Linear regression using the backward method
was applied to model the relation between Mn as the
dependent variable and traffic as a compound predictor formed by the proxies for exhaust gases and
mechanical movement. Both predictors were retained in the final model with an R = 0.46 (p =
0.000), and a Durbin-Watson coefficient of 1.875. It
can be concluded that road traffic explains 20% of
the variance in Mn concentration.
Another important source of Mn in the
environment is land use. The homogeneity of the
variance across land cover classification was assessed using the Levene test. For a value of Sig. >
0.05, it can be concluded that the groups of data are
well defined. The associated category variable, to be
used in regression, was transformed into three binary
variables using the urban green category, influenced
mostly by road traffic, as the base category. Linear
regression was applied with all three binary variables
in the same step, with the model obtained being
statistically significant and explaining 50% of the
variance (R2 = 0.50, Sig. = 0.00, Durbin-Watson
coefficient = 2.03).
The height of buildings influences the air
transport of metal particulates, breaking air currents
and determining the deposition of particulates in the
soil. The residential type category (without buildings, small buildings ± houses and small blocks of
flats, high buildings) was transformed into a compound predictor formed by two binary variables, the
base being the representation of areas without buildings. The linear regression fit produced a single
model with both binary predictors and with R2 =
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6FKRRORI5HVRXUFHV 6DIHW\(QJLQHHULQJ&HQWUDO6RXWK8QLYHUVLW\&KDQJVKD&KLQD

%XVLQHVV6FKRRO-LVKRX8QLYHUVLW\-LVKRX&KLQD

H[SRVHGWRRQHRUPRUHVWUHVVIDFWRUV,WSURYLGHVD
FULWLFDOHOHPHQWIRUHQYLURQPHQWDOGHFLVLRQPDNLQJ
E\ JLYLQJ ULVN PDQDJHUV D SURFHVV IRU FRQVLGHULQJ
DYDLODEOHVFLHQWLILFLQIRUPDWLRQLQVHOHFWLQJDFRXUVH
RIDFWLRQ,QUHFHQW\HDUVPDQ\VFKRODUVKDYHFDUULHG
RXWDQXPEHURIHFRORJLFDOULVNFDVHVWXGLHVDQGWKH\
KDYHPDGHDVHULHVRIDFKLHYHPHQWVLQWKHDVSHFWVRI
UHVHDUFKFRQWHQWPHWKRGPRGHOFRQVWUXFWLRQDQGVR
RQ :LWK UHJDUG WR WKH UHVHDUFK FRQWHQW VRPH
VFKRODUVKDYHWDNHQLQGXVWULDOSROOXWLRQVRXUFHVDQG
DJULFXOWXUDOSROOXWLRQVRXUFHVDVWKHUHVHDUFKREMHFW
DQG VWXGLHG WKH KDUPIXO HIIHFWV RI WKH PDMRU
SROOXWDQWV RQ WKH HFRV\VWHP >@ $QG VRPH
VFKRODUVKDYHWDNHQZHWODQG>@VSHFLDOHFRORJLFDO
]RQH >@ EDVLQ >@ RDVLV >@ DV WKH UHVHDUFK
REMHFWV 7KH\ KDYH HYDOXDWHG WKH HFRORJLFDO ULVN
GHJUHHRIGLIIHUHQWUHVHDUFKREMHFWVE\FRQVWUXFWLQJ
HFRORJLFDO ULVN HYDOXDWLRQ LQGH[ V\VWHP 2Q WKH
UHVHDUFK PHWKRG DQG PRGHO FRQVWUXFWLRQ DUWLILFLDO
QHXUDO QHWZRUN DQDO\VLV >@ WKH HFRORJLFDO
IRRWSULQW PHWKRG >@ WKH JUD\ FRUUHODWLRQ
DQDO\VLVPHWKRG>@WKHIX]]\VHWWKHRU\>@
WKH(5,&$DVVHVVPHQWWRRO>@DQGWKHODQGVFDSH
HFRORJLFDOVHFXULW\PRGHO>@KDYHEHHQXVHGE\
PRVWVFKRODUV
7KURXJKWKHDQDO\VLVRIUHVHDUFKILQGLQJVDERXW
WKH HFRORJLFDO ULVN LQ GLIIHUHQW SHULRGV SHRSOH FDQ
ILQG WKDW WKH H[LVWLQJ UHVHDUFK LV ODFN RI WKH
HFRORJLFDO ULVN DVVHVVPHQW RQ PLQRULW\ QDWLRQDOLW\
DUHDV ZKLFK KDYH WKH FKDUDFWHULVWLFV RI ZHDN
HFRORJLFDO HQYLURQPHQW ORZ EHDULQJ FDSDFLW\ DQG
GHHSSRYHUW\,QDGGLWLRQPDQ\IDFWRUVUHODWHGWRWKH
HFRORJLFDOULVNDVVHVVPHQWDUHXQFHUWDLQDQGKLGGHQ
7KH H[LVWLQJ HYDOXDWLRQ PHWKRGV GR QRW IXOO\ WDNH
WKHVHIDFWRUVLQWRFRQVLGHUDWLRQ7KHUHIRUHWKHUHDUH
VRPHGHIHFWVLQWKHVHPHWKRGV7KHPHWKRGEDVHGRQ
WKHWKHRU\RIXQFHUWDLQPDWKHPDWLFVLVZLGHO\XVHG
LQWKHUHVHDUFKRIQDWXUDOVFLHQFHDQGVRFLDOVFLHQFH
>@ ZKLFK SURYLGHV D QHZ ZD\ WR VROYH WKH
DERYHSUREOHPV&RQVHTXHQWO\WKLVSDSHULQWURGXFHV
WKH XQFHUWDLQ PHDVXUHPHQW WKHRU\ DQG WKH
LQIRUPDWLRQHQWURS\WKHRU\WRWKHUHJLRQDOHFRORJLFDO
ULVN DVVHVVPHQW V\VWHP ZKLFK FKRRVHV ;LDQJ[L
7XMLD DQG 0LDR $XWRQRPRXV 3UHIHFWXUH DV FDVH
VWXGLHV DQG PDNHV WKH UHJLRQDO HFRORJLFDO ULVN
DVVHVVPHQWRQWKLVDUHD

ABSTRACT
,GHQWLILFDWLRQV DQG HYDOXDWLRQV RI HFRORJLFDO
ULVN KDYH YHU\ LPSRUWDQW VLJQLILFDQFHV IRU
VWUHQJWKHQLQJ UHJLRQDO HFRORJLFDO GLVDVWHU
SUHYHQWLRQ DQG SURWHFWLQJ WKH UHJLRQDO HFRORJLFDO
VHFXULW\ ,Q WKLV SDSHU WKH DVVHVVPHQW PRGHO RI
UHJLRQDOHFRORJLFDOULVNZDVHVWDEOLVKHGEDVHGRQWKH
XQFHUWDLQ PHDVXUHPHQW WKHRU\ 6L[WHHQ HYDOXDWLRQ
LQGH[HVZHUHVHOHFWHGDVWKHGLVFULPLQDQWRQHVRIWKH
XQFHUWDLQ PHDVXUHPHQW PRGHO ,Q DGGLWLRQ WKH
XQFHUWDLQPHDVXUHPHQWIXQFWLRQVRIHDFKLQGH[ZHUH
EXLOWXS%DVHGRQWKHVWDWLVWLFDOGDWDWKHXQFHUWDLQ
PHDVXUHPHQW PDWULFHV RI WKH VLQJOH LQGH[ ZHUH
FDOFXODWHG7KHLQIRUPDWLRQHQWURS\WKHRU\ZDVXVHG
WR FDOFXODWH WKH ZHLJKW RI HDFK GLVFULPLQDWH LQGH[
DQG WKHQ WKH XQFHUWDLQ PHDVXUHPHQW PDWUL[ RI
PXOWLSOH LQGH[HV ZDV DOVR EXLOW XS )LQDOO\ WKH
UHVXOWVRIWKHULVNDVVHVVPHQWRQUHJLRQDOHFRV\VWHP
ZHUH DFKLHYHG E\ LQWURGXFLQJ WKH UXOHV RI FUHGLEOH
UHFRJQLWLRQ FULWHULD 7KH UHVXOWV RI WKH FDVH VWXG\
VKRZ WKDW WKLV PRGHO FDQ WDNH YDULRXV NLQGV RI
XQFHUWDLQIDFWRUVLQWRFRQVLGHUDWLRQLQWKHSURFHVVRI
HYDOXDWLRQDQGWKHDVVHVVPHQWRIUHJLRQDOHFRORJLFDO
ULVNLVPRUHUHDVRQDEOH

.(<:25'6
(FRORJLFDOULVNXQFHUWDLQPHDVXUHPHQWULVNDVVHVVPHQW
FUHGLEOHGHJUHHUHFRJQLWLRQFULWHULDLQIRUPDWLRQHQWURS\

INTRODUCTION
:LWKWKHUDSLGJURZWKRIWKHZRUOGSRSXODWLRQ
DQG WKH UDSLG GHYHORSPHQW RI LQGXVWULDOL]DWLRQ
KXPDQ DFWLYLWLHV FUHDWH PRUH DQG PRUH KDUPIXO
HIIHFWVRQWKHHFRV\VWHP(FRORJLFDOGLVDVWHUFDXVHG
E\ VHYHUH HQYLURQPHQW SROOXWLRQ DQG H[FHVVLYH
FRQVXPSWLRQRIUHVRXUFHVKDVEHHQDVHULRXVWKUHDW
WRWKHGHYHORSPHQWRIKXPDQVRFLHW\,GHQWLILFDWLRQ
HYDOXDWLRQ DQG ZDUQLQJ RI HFRORJLFDO ULVN FDQ EH
FRQGXFLYH WR SURWHFWLQJ WKH UHJLRQDO HFRORJLFDO
VHFXULW\
(FRORJLFDO ULVN DVVHVVPHQW DQDO\VHV WKH
SRVVLEOHSURFHVVRIQHJDWLYHHFRORJLFDOHIIHFWVZKLFK
PD\DSSHDURUDUHHPHUJLQJZKHQWKHHFRV\VWHPDUH
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HYDOXDWLRQLQGH[HVWKHVDPSOHPDWUL[FDQEHEXLOWXS
DVIROORZV

RISK

8QFHUWDLQ PHDVXUHPHQW WKHRU\ 7KH
XQFHUWDLQ PHDVXUHPHQW WKHRU\ LV D QHZ NLQG RI
XQFHUWDLQLQIRUPDWLRQWKHRU\ZKLFKFDQEHXVHGWR
FRPELQHDOONLQGVRIXQFHUWDLQIDFWRUVHIIHFWLYHO\DQG
FDUU\ RXW WKH TXDQWLWDWLYH DQDO\VLV WR REWDLQ WKH
DFFXUDWHHYDOXDWLRQUHVXOWV
7KLVSDSHUVXSSRVHVDVHWRIHYDOXDWLRQREMHFWV
R= {R1,R2,R3«Rn} and a set of evaluation indexes
X={X1,X2,«,Xm}. If rij represents the evaluation
index of j¶VPHDVXUHPHQWEHORQJHGWRWKHHYDOXDWLRQ
object of Ri, we can get m-dimensional vector Ri=
(ri1,ri2,«,rim). If U= {C1,C2«Cp} represents the
evaluation rank space, Ck means the rank of rij. This
paper supposes that the level of k is more dangerous
than the level of (k+1). It can be marked as Ck˚
Ck+1.If C1 ˚ C2 ˚ « ˚ Cp, or C1 ˘ C2 ˘ « ˘ Cp,
{C1,C2,«,Cp} is described as an ordered
segmentation.
,I ȝijk=ȝ(rijאCk) indicates the degree of rij
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8QFHUWDLQ PHDVXUHPHQW PDWUL[ RI VLQJOH
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7KH HFRORJLFDO ULVN DVVHVVPHQW LQGH[ V\VWHPV
DUH YHU\ FRPSOH[ V\VWHP HQJLQHHULQJ ,Q RUGHU WR
UHDOL]H WKH UDWLRQDO HYDOXDWLRQ D VFLHQWLILF DQG
FRPSUHKHQVLYH HYDOXDWLRQ LQGH[ V\VWHP ZRXOG EH
EXLOWXS7KLVVWHSFDQGLUHFWO\DIIHFWWKHDFFXUDF\RI
WKH HYDOXDWLRQ UHVXOWV 7KH HFRORJLFDO ULVN
DVVHVVPHQW LQGH[ V\VWHP DGRSWV WKH FRQFHSWXDO
PRGHORI3 SUHVVXUH 6 VWDWH 5 UHVSRQVH ZKLFKLV
SURSRVHG E\ (FRQRPLF &RRSHUDWLRQ DQG
'HYHORSPHQW2UJDQL]DWLRQ 2(&' DQGWKH8QLWHG
1DWLRQV (QYLURQPHQW 3URJUDP 81(3  >@
6SHFLILFDOO\WKHSUHVVXUHLQGH[HVUHIOHFWWKHUROHRI
KXPDQ HFRQRPLF DQG VRFLDO DFWLYLWLHV RQ WKH
HFRORJLFDOV\VWHPWKHVWDWHLQGH[HVUHIOHFWWKHVWDWXV
DQGFKDQJHVRIHFRV\VWHPLQWKHVSHFLILF

1,2, p

(ȝik)n×p LVWKHXQFHUWDLQPHDVXUHPHQWPDWUL[RI
WKHPXOWLSOHLQGH[

(ȝik)n×p

ª P11
«P
« 21
«
«
¬ P n1

P12
P 22
Pn 2

P1 p º

P2 p »

»          
»
»
P np ¼

5XOHV RI FUHGLEOH UHFRJQLWLRQ FULWHULD ,Q
RUGHUWRREWDLQWKHILQDOHYDOXDWLRQUHVXOWWKLVSDSHU
LQWURGXFHV WKH UXOHV RI FUHGLEOH UHFRJQLWLRQ FULWHULD

7$%/(
&ODVVLILFDWLRQFULWHULRQRITXDQWLWDWLYHLQGH[HVLQULVNHYDOXDWLRQRQHFRORJLFDOULVN
volume
volume
the density of

of

wastewater

pesticides

solid

of
waste

produced by

fertilizers per
the classification

population

per unit area

of risk level

˄ person/km

˄kg/hm2˅

2

˅I1

discharged
unit

by

unit

I2

unit

industrial

HQHUJ\
FRQVXPSWLRQ

RI

XQLW *'3˄ton of

area

˄kg/hm2˅I3

KHDOWK

industrial
SCE/10000 yuan˅

output˄t/10000

output

yuan˅I4

˄

IDUPHU SHU
FDSLWD QHW
LQFRPH
˄yuan˅I7

I6
t/10000

WHFKQLFLDQV
RZQHG
HYHU\
WKRXVDQG
SHRSOH
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yuan˅I5
Ϩ(C1)
ϩ(C2)
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˷50,60)













(2800,350
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[2.2,3.3)

[1.3,1.6)

(20,30]
0]

Ϫ(C3)
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[130,160)
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ϫ(C4)
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Volume 26 ± No. 4/2017 pages 2885-2894

© by PSP

Fresenius Environmental Bulletin

7$%/( &217,18('
&ODVVLILFDWLRQFULWHULRQRITXDQWLWDWLYHLQGH[HVLQULVNHYDOXDWLRQRQHFRORJLFDOULVN
WKH SURSRUWLRQ RI

WKHUHSHDWLQJ

WKH VWDQGDUG
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HQYLURQPHQWDO

DUDEOH
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˄%˅I9
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UDWH (%)I14
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SURWHFWHG
UDWH
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of risk level
2

WKH SURSRUWLRQ
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SHULRGDQGWKHUHVSRQVHLQGH[HVUHIOHFWWKHPHDVXUHV
FRQGXFWHGE\WKHVRFLHW\DQGLQGLYLGXDOVZKLFKZLOO
VRIWHQUHFRYHUDQGSUHYHQWWKHQHJDWLYHLPSDFWVRI
KXPDQDFWLYLWLHVRQWKHHFRORJLFDOV\VWHPDQGIXOILOO
VXVWDLQDEOHGHYHORSPHQWV2QWKHEDVLVRIWKH365
PRGHO DQG UHIHUHQFH WR GRPHVWLF DQG LQWHUQDWLRQDO
HFRORJLFDO ULVN DVVHVVPHQW LQGH[ V\VWHP DQG
FRPELQHG ZLWK WKH VSHFLILF VLWXDWLRQ RI ;LDQJ[L
$XWRQRPRXV 3UHIHFWXUH WKH HFRORJLFDO ULVN
DVVHVVPHQWLQGH[HVV\VWHPLVVHWXS WDEOH 
(DFKLQGH[FDQEHFODVVLILHGLQWRILYHGLIIHUHQW
JUDGHV7KHVHWRIHYDOXDWLRQJUDGHVLV^&&&
&&`7KH\UHSUHVHQWWKHJUDGHRI Ϩ ϩ Ϫ ϫ
Ϭ$QGWKH\ LQGLFDWH JUHDWULVNODUJHULVNQRUPDO
ULVNVPDOOULVNDQGQRULVNUHVSHFWLYHO\(DFKJUDGH
VHWVWKHFULWHULRQDFFRUGLQJWRWKHH[SHUWH[SHULHQFH
DVVKRZQLQ7DEOH2QWKHEDVLVRIWKHFULWHULRQWKH
XQFHUWDLQ PHDVXUHPHQW IXQFWLRQV RI HDFK VLQJOH
LQGH[DUH EXLOW XSDVVKRZQ LQ)LJXUH%DVHG
RQ WKHVH IXQFWLRQV WKH XQFHUWDLQ PHDVXUHPHQW RI
HYDOXDWLRQLQGH[HVFDQEHFDOFXODWHG
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RISRSXODWLRQ



RI

Volume 26 ± No. 4/2017 pages 2885-2894

C5 C 4

1

0

4

6

C2 C1

C3

10

8

Fresenius Environmental Bulletin

Uncertain measurement function

Uncertain measurement function

© by PSP

12

Volume of wastewater discharged by unit
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(ȝ1jk)16×5
0
30

45

60

75

90

Repeating utilization rate of industrial water (%)

),*85(
8QFHUWDLQPHDVXUHPHQWIXQFWLRQRIWKH
UHSHDWLQJXWLOL]DWLRQUDWHRILQGXVWULDOZDWHU
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«
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«
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«
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«
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0

1»
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»
0
»
0»
»
0»
0»
»
0»
0»
¼
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˄13˅

&RQVWUXFWLQJ WKH XQFHUWDLQ PHDVXUHPHQW
PDWUL[ RI WKH VLQJOH LQGH[HV ;LDQJ[L 7XMLD DQG
0LDR$XWRQRPRXV3UHIHFWXUHRI+XQDQ3URYLQFHLV
DQ XQGHUGHYHORSHG UHJLRQ ZLWK  SRRU YLOODJHV
DQG  UXUDO SRRU SHRSOH 7KH SHU FDSLWD QHW
LQFRPH LQ UXUDO DUHD ZDV  50% LQ  LQ
;LDQJ[LDXWRQRPRXVSUHIHFWXUHZKLFKLVRQO\
RIWKHQDWLRQDODYHUDJHDQGRI+XQDQDYHUDJH
OHYHO 7KH SHU FDSLWD DUDEOH ODQG DUHD PDLQWDLQV DW
DERXWDFUHVIRUPDQ\\HDUVLQWKLVUHJLRQZKLFK
LV RQO\  RI WKH QDWLRQDO DYHUDJH ;LDQJ[L
DXWRQRPRXV SUHIHFWXUH ZLWK IUDJLOH HFRORJLFDO
HQYLURQPHQW DQG OLPLWHG HFRORJLFDO FDUU\LQJ
FDSDFLW\LVDVVXPHGWRIDFHKLJKHUHFRORJLFDOULVNLQ
WKH SURFHVV RI VRFLDO DQG HFRQRPLF GHYHORSPHQW
&RPELQHG ZLWK WKH DFWXDO VLWXDWLRQ LQ ;LDQJ[L
$XWRQRPRXV 3UHIHFWXUH WKH HFRORJLFDO ULVN LV
FDOFXODWHG E\ XVLQJ WKH PRGHO RI XQFHUWDLQ
PHDVXUHPHQW 7KH GDWD FRPHV IURP WKH UHOHYDQW
VWDWLVWLFDO PDWHULDOV DERXW ;LDQJ[L $XWRQRPRXV
3UHIHFWXUH 7KH PDLQ VRXUFHV RI GDWD FRPH IURP
;LDQJ[LVWDWLVWLFDO\HDUERRNWKHWZHOIWK\HDUSODQ
LQ ;LDQJ[L WKH QHWZRUN RI ;LDQJ[L VWDWLVWLFDO
LQIRUPDWLRQ HWF $FFRUGLQJ WR WKH GDWD DQG WKH
XQFHUWDLQPHDVXUHPHQWIXQFWLRQVRIHDFKLQGH[WKH
XQFHUWDLQ PHDVXUHPHQW PDWULFHV RI WKH VLQJOH
LQGH[HVDUHEXLOWXSDVVKRZQLQIRUPXOD



(ȝ2jk)16×5
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Ȝ  7KH HFRORJLFDO ULVN OHYHO LQ   
FDQEHFDOFXODWHGLQ;LDQJ[LDXWRQRPRXV
SUHIHFWXUH 7KH\ DUH WKH OHYHOV RI Ϫ Ϫ ϫ ϫ
DQG ϫUHVSHFWLYHO\

˄15˅
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$QDO\VLV RI HYDOXDWLRQ UHVXOWV )URP WKH
HYDOXDWLRQ UHVXOWV LW FDQ EH FRQFOXGHG WKDW LQ WKH
SURFHVV RI UDSLG HFRQRPLF GHYHORSPHQW WKH
HFRORJLFDOHQYLURQPHQWKDVEHHQLPSURYHGDQGWKH
HFRORJLFDO ULVN OHYHO JUDGXDOO\ GHFOLQHG VLQFH 
LQ;LDQJ[LDXWRQRPRXVSUHIHFWXUH,QUHFHQW \HDUV
;LDQJ[L DXWRQRPRXV SUHIHFWXUH LPSOHPHQWV WKH
VWUDWHJ\ RI HFRORJLFDO VWDWH FRQVWUXFWLRQ LQVLVWV RQ
WKH ORZFDUERQ GHYHORSPHQW DFWLYHO\ SURPRWHV
LQGXVWULDO VWUXFWXUH RSWLPL]DWLRQ DQG XSJUDGLQJ
SURPRWHVWKHGHYHORSPHQWRIHFRORJLFDOWRXULVPDQG
VWUHQJWKHQVHQYLURQPHQWDOSURWHFWLRQ6RPHLQGH[HV
VXFKDVWKHGLVFKDUJHUDWH RILQGXVWULDO ZDVWHZDWHU
WKHXUEDQVHZDJHWUHDWPHQWUDWHDQGWKHSURSRUWLRQ
RISURWHFWHGDUHDLQODQGDUHDDUHFORVHWRRUHYHQ
EHWWHU WKDQ WKH QDWLRQDO HFRFLW\ FRQVWUXFWLRQ
VWDQGDUGV7KHFRQVWUXFWLRQRIHFRORJLFDOFLYLOL]DWLRQ
LQ ;LDQJ[L DXWRQRPRXV SUHIHFWXUH KDV DFKLHYHG
VRPHVXFFHVVDQGWKHHFRORJLFDOVHFXULW\VLWXDWLRQLV
FRQVWDQWO\ RSWLPL]HG 2YHUDOO WKH REMHFWLYLW\ RI
LQGH[ ZHLJKW DQG WKH XQFHUWDLQW\ RI HYDOXDWLRQ
IDFWRUV KDYH EHHQ WDNHQ LQWR FRQVLGHUDWLRQ
FRPSUHKHQVLYHO\ LQ WKH LQIRUPDWLRQ HQWURS\ DQG
XQFHUWDLQPHDVXUHPHQWWKHRU\

˄16˅

(ȝ5jk)16×5
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1 »
»
0.4400 »
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CONCLUSIONS
  ,Q WKLV SDSHU WKH DVVHVVPHQW PRGHO RI
UHJLRQDOHFRORJLFDOULVNZDVHVWDEOLVKHGEDVHGRQWKH
XQFHUWDLQ PHDVXUHPHQW WKHRU\ %\ WDNLQJ IDFWRUV
DIIHFWLQJ WKH UHJLRQDO HFRORJLFDO ULVN LQWR
FRQVLGHUDWLRQ WKLV SDSHU PDNHV D TXDQWLWDWLYH
DQDO\VLVRIWKHUHJLRQDOHFRORJLFDOULVN
 ,QWKHSURFHVVRIHYDOXDWLRQVL[WHHQLQGH[HV
DUH VHOHFWHG DV WKH HYDOXDWLRQ LQGH[ RI XQFHUWDLQ
PHDVXUHPHQW PRGHO ZKLFK PDNHV WKH HYDOXDWLRQ
V\VWHPREMHFWLYHDQGFRPSUHKHQVLYH7KHHFRORJLFDO
ULVN OHYHO LQ     FDQ EH
FDOFXODWHGLQ;LDQJ[LDXWRQRPRXVSUHIHFWXUHEDVHG
RQWKHWKHRU\RIXQFHUWDLQPHDVXUHPHQW7KHOHYHOV
RI HFRORJLFDO ULVN DUH Ϫ  Ϫ  ϫ  ϫ  DQG ϫ 
UHVSHFWLYHO\7KHULVNOHYHORIWKHHFRORJLFDOV\VWHP
LQ ;LDQJ[L $XWRQRPRXV 3UHIHFWXUH LV JUDGXDOO\
GHFOLQHGDQGWKHLPSOHPHQWDWLRQRIWKHVXVWDLQDEOH
GHYHORSPHQW VWUDWHJ\ KDV DFKLHYHG UHPDUNDEOH
UHVXOWV
  7KH LQIRUPDWLRQ HQWURS\ WKHRU\ DQG WKH
XQFHUWDLQPHDVXUHPHQWWKHRU\DUHLQWURGXFHGWRWKH
UHJLRQDO HFRORJLFDO ULVN DVVHVVPHQW V\VWHP 7KLV
PHWKRGUHGXFHVWKHLQIOXHQFHRIVXEMHFWLYHIDFWRUV
0HDQZKLOHWKHUHDVRQDEOHHYDOXDWLRQUHVXOWVFDQEH
REWDLQHG E\ XVLQJ WKLV PHWKRG LQ WKH SURFHVV RI

˄17˅
(YDOXDWLRQWKHJUDGHVRIWKHHFRORJLFDOULVN
$FFRUGLQJWRWKHIRUPXODV  a  WKHRULJLQDOGDWD
LVQRUPDOL]HG%DVHGRQWKHIRUPXODV  a  WKH
ZHLJKW RI HDFK LQGH[ LQ ;LDQJ[L HFRORJLFDO ULVN
DVVHVVPHQWV\VWHPFDQEHFDOFXODWHG
: ^


`                 
$FFRUGLQJ WR WKH IRUPXOD   WKH XQFHUWDLQ
PHDVXUHPHQWPDWUL[RIPXOWLSOHLQGH[HVLVEXLOWXS
ª0.2363 0.2621 0.2703 0.1692 0.0621º

(uik)5×5 «0.1742 0.1818 0.2650 0.1700 0.2089»   
«
»
«0.0525 0.1627 0.2561 0.2645 0.2642 »
«
»
«0.1336 0.1137 0.2245 0.3026 0.2256 »
«¬0.1607 0.0783 0.1380 0.3118 0.3111»¼

7KLVSDSHUVHOHFWVDVWKHOHYHORIFUHGLELOLW\
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VXEWURSLFDOHVWXDULQHSURWHFWHGDUHD6FLHQFHRI
WKH7RWDO(QYLURQPHQW
[9] <X*XDQJPLQJ=KDQJ6KX<X4LZX)DQ<RQJ
=HQJ4XQ:X/HL=KRX5XLUXL1DQ1D=KDR
3HQJMLH  $VVHVVLQJHFRORJLFDOVHFXULW\DW
WKH ZDWHUVKHG VFDOH EDVHG RQ 56*,6$ FDVH
VWXG\IURPWKH+DQMLDQJ5LYHU%DVLQ6WRFKDVWLF
(QYLURQPHQWDO5HVHDUFKDQG5LVN$VVHVVPHQW
  
[10] :HL :HL 6KL 3HLML /HL /L =KRX -XQMX ;LH
%LQELQ  (FRULVNDQDO\VLVRIRDVLVUHJLRQ
EDVHG RQ ODQGVFDSH VWUXFWXUH DQG VSDWLDO
VWDWLVWLFV PHWKRG$ FDVH VWXG\ RI :XZHL DQG
0LQTLQ RDVHV -RXUQDO RI 1DWXUDO UHVRXUFHV
  
[11] 1L-5;XH$  $SSOLFDWLRQRIDUWLILFLDO
QHXUDOQHWZRUNWRWKHUDSLGIHHGEDFNRISRWHQWLDO
HFRORJLFDO ULVN LQ IORRG GLYHUVLRQ ]RQH
(QJLQHHULQJ $SSOLFDWLRQV RI $UWLILFLDO
,QWHOOLJHQFH  
[12] &KHQ+XL/L6KXDQJFKHQJ=KHQJ'X  
(FRORJLFDOULVNDVVHVVPHQWRIUHJLRQVDORQJVLGH
4LQJKDL;L]DQJKLJKZD\DQGUDLOZD\EDVHGRQ
DUWLILFLDO QHXUDO QHWZRUN $FWD 6FLFHQWLDUXP
1DWXUDOXP 8QLYHUVLWLV 3HNLQHVLV    

[13] 9DFNiU 'DYLG   (FRORJLFDO )RRWSULQW
HQYLURQPHQWDOSHUIRUPDQFHDQGELRGLYHUVLW\$
FURVVQDWLRQDO
FRPSDULVRQ
(FRORJLFDO
,QGLFDWRUV  
[14] (YDQV $ 6WUH]RY 9 (YDQV 7  
0HDVXULQJ WRROV IRU TXDQWLI\LQJ VXVWDLQDEOH
GHYHORSPHQW (XURSHDQ -RXUQDO RI 6XVWDLQDEOH
'HYHORSPHQW  
[15] =KDQJ -LDTL :X <LMLQ *H <RQJ :DQJ
&KHQJKDR +VLDQJWH .81*   (FR
VHFXULW\DVVHVVPHQWVRISRRUDUHDVEDVHGRQJUD\
FRUUHODWLRQ PRGHO $ FDVH VWXG\ LQ (QVKL
*HRJUDSKLFDO5HVHDUFK  
[16] :X;LDR:X<LMLQ  (YDOXDWLRQRQWKH
HFRVDIHW\ RI PRXQWDLQRXV FLW\ EDVHG RQ JUD\
FRUUHODWLRQPRGHO$FDVHVWXG\RIWKH:XVKDQ
FRXQW\LQWKHFLW\RI&KRQJTLQJ5HVRXUFHVDQG
(QYLURQPHQW LQ WKH <DQJW]H EDVLQ   

[17] +X ;LXIDQJ =KDR -XQ =KD 6KXSLQJ =KHQJ
;XHSLQJ   6WXG\ RI IX]]\ HYDOXDWLRQ RI
JUDVVODQG HFRORJLFDO VHFXULW\$ FDVH RI DOSLQH
JUDVVODQG LQ 7LDQ]KX -RXUQDO RI $ULG /DQG
5HVRXUFHVDQG(QYLURQPHQW  
[18] 0DUNRZVNL$60DQQDQ06%LJRV]HZVND
$   )X]]\ ORJLF IRU SURFHVV VDIHW\
DQDO\VLV -RXUQDO RI /RVV 3UHYHQWLRQ LQ WKH
3URFHVV,QGXVWULHV  
[19] 2XJKWRQ'+6WU¡PPDQ*6DOEX%  
(FRORJLFDO ULVN DVVHVVPHQW RI &HQWUDO $VLDQ
PLQLQJ VLWHV $SSOLFDWLRQ RI WKH (5,&$
DVVHVVPHQW WRRO -RXUQDO RI (QYLURQPHQWDO

DQDO\VLVDQGHYDOXDWLRQ7KLVPHWKRGDOVRSURYLGHVD
QHZZD\WRVWXG\UHJLRQDOHFRORJLFDOULVN

ACKNOWLEDGEMENTS
This paper gets its funding from Project
(%-<) supported by National Social Science
Foundation of China; Project (15ZDA08) supported
by Social Science Foundation of Hunan; Project
(&) supported by the Hunan Provincial
Education Department. The authors wish to
acknowledge these supports.

REFERENCES
[1] )DJJLDQR /HVOLH GH =ZDUW 'LFN  
3DWWHUQLQJ HFRORJLFDO ULVN RI SHVWLFLGH
FRQWDPLQDWLRQDWWKH ULYHUEDVLQVFDOH6FLHQFH
RIWKH7RWDO(QYLURQPHQW  
[2] :DQJ -LQJVKHQJ /L -LD &KHQ %DR[LRQJ )X
=HTLDQJ /LX -LDQLQJ =KDQJ =KHQOHL  
&RDO 0LQLQJ HFRORJLFDO ULVN DVVHVVPHQW RI WKH
HQHUJ\ FKHPLFDO SURGXFWLRQ EDVH LQ HDVWHUQ
1LQJ[LD5HVRXUFHV6FLHQFH  
[3] &KHQ+DL\DQJ&KHQ5XLKXL7HQJ<DQJXR:X
-LQ   &RQWDPLQDWLRQ FKDUDFWHULVWLFV
HFRORJLFDOULVNDQGVRXUFHLGHQWLILFDWLRQRIWUDFH
PHWDOVLQVHGLPHQWVRIWKH/H DQ5LYHU &KLQD 
(FRWR[LFRORJ\DQG(QYLURQPHQWDO6DIHW\

[4] 'HPLU 0 *RNWXJ 7+ %XOXW <  
+XPDQLQGXFHG
ZDWHU
SROOXWLRQ
DQG
PDQDJHPHQW)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ
  
[5] 0DOHNPRKDPPDGL % 5DKLPL %ORXFKL /
  (FRORJLFDO ULVN DVVHVVPHQW RI ZHWODQG
HFRV\VWHPVXVLQJPXOWLFULWHULDGHFLVLRQPDNLQJ
DQGJHRJUDSKLFLQIRUPDWLRQV\VWHP(FRORJLFDO
,QGLFDWRUV
[6] =KX:HLKRQJ0LDR&KHQJ\X=KHQJ;LDRMXQ
&DR*XDQJODQ:DQJ)DQIDQ  6WXG\RQ
HFRORJLFDO VDIHW\ HYDOXDWLRQ DQG ZDUQLQJ RI
ZHWODQGVLQ7XPHQ ˮLYHUZDWHUVKHGEDVHGRQ
6 WHFKQRORJ\ $FWD (FRORJLFDO 6LQLFD   

[7] .RRLVWUD /DPPHUW /HXYHQ 5RE 6(: HW DO
  $ SURFHGXUH IRU LQFRUSRUDWLQJ VSDWLDO
YDULDELOLW\ LQ HFRORJLFDO ULVN DVVHVVPHQW RI
'XWFK ULYHU IORRGSODLQV (QYLURQPHQWDO
0DQDJHPHQW  
[8] &DPSRV %* &UX] $&) %XUXDHP /0
5RGULJXHV $3& 0DFKDGR :79 $EHVVD
'06   8VLQJ D WLHUHG DSSURDFK EDVHG
RQ HFRWR[LFRORJLFDO WHFKQLTXHV WR DVVHVV WKH
HFRORJLFDO ULVNV RI FRQWDPLQDWLRQ LQ D



© by PSP

Volume 26 ± No. 4/2017 pages 2885-2894

Fresenius Environmental Bulletin

5DGLRDFWLYLW\  
[20] /L<RQJKRQJ;LDQJ%DR<XDQ;LQJ]KRQJ/LX
;LDRIX  (FRORJLFDOVHFXULW\SDWWHUQVIRU
UHJLRQDOODQGVFDSHV$FDVHVWXG\LQ&KHQJ\X
HFRQRPLF]RQH$FWD$JUHVWLD6LQLFD  

[21] 9DVLOHYVN\L 20   &DOLEUDWLRQ PHWKRG
WRDVVHVVWKHDFFXUDF\RI PHDVXUHPHQWGHYLFHV
XVLQJ WKH WKHRU\ RI XQFHUWDLQW\ ,QWHUQDWLRQDO
-RXUQDORI0HWURORJ\DQG4XDOLW\(QJLQHHULQJ
YQ'HFHPEHU
[22] /XDQ7LQJWLQJ;LH=KHQKXD:X=RQJ]KL +H
1D =KDQJ ;XHGRQJ   5LVN HYDOXDWLRQ
PRGHO RI ZDVWH GXPS ODQGVOLGH EDVHG RQ
XQFHUWDLQW\ PHDVXUHPHQW WKHRU\ -RXUQDO RI
&HQWUDO 6RXWK 8QLYHUVLW\ 6FLHQFH DQG
7HFKQRORJ\   
[23] *RQJ)HQJTLDQJ/L;LELQJ'RQJ/RQJMXQHW
DO   8QGHUJURXQG JRDI ULVN HYDOXDWLRQ
EDVHG RQ XQFHUWDLQW\ PHDVXUHPHQW WKHRU\
&KLQHVH -RXUQDO RI 5RFN 0HFKDQLFV DQG
(QJLQHHULQJ  í
[24] :DQJ;LQPLQ:DQJ6KL<DQ'HER.H<X[LDQ
4LQ -LDQFKXQ   5LVN DVVHVVPHQW RQ
EORFNLQJRIILOOLQJSLSHOLQHEDVHGRQXQFHUWDLQW\
PHDVXUHPHQW WKHRU\ &KLQD 6DIHW\ 6FLHQFH
-RXUQDO  
[25] 1HGHOWFKHY 6 6KDLNK $   $ QHZ
PHWKRGIRULGHQWLILFDWLRQRIWKHPDLQWUDQVLWLRQ
YHORFLWLHV LQ PXOWLSKDVH UHDFWRUV EDVHG RQ
LQIRUPDWLRQ HQWURS\ WKHRU\ &KHPLFDO
(QJLQHHULQJ6FLHQFH  
[26] =KDQJ -XQ\L 6X :HLFL KDQJ )HQJWDL  
5HJLRQDOODQGHFRORJLFDOVHFXULW\HYDOXDWLRQLQ
WKHFDVHRI&KRQJTLQJ7KUHH*RUJHV5HVHUYRLU
HFRORJLFDO HFRQRP\ DUHD EDVHG RQ WKH 365
PRGHO &KLQD (QYLURQPHQWDO 6FLHQFH   


5HFHLYHG     
$FFHSWHG


&255(6321',1*$87+25
7DR\LQJ/LX
&HQWUDO6RXWK8QLYHUVLW\
6FKRRORI5HVRXUFHV 6DIHW\(QJLQHHULQJ
&KDQJVKD±&+,1$
HPDLO˖OLXWDR\LQJBFVX#FRP



Volume 26 ± No. 4/2017 pages 2895-2903

© by PSP

Fresenius Environmental Bulletin

PHOSPHORUS FRACTIONS AND PHOSPHATE
SORPTION- RELEASE CHARACTERISTICS RELEVANT TO
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one hand, Street dust is transported into the receiving
waters during rainfall and affects the stream water
quality and aquatic biota markedly. Urban runoff has
been deemed as one of the leading sources of water
quality impairment for rivers, lakes and estuaries. On
the other hand, under the influence of wind, traffic
flow and anthropic activity, the street dust may be resuspen-ded
and
affects
the
atmospheric
environmental qua-lity and weather. Therefore, the
quality of street dust is related to urban aquatic,
atmospheric and ecological environment including
human health [2].
Phosphorus is a major nutrient for terrestrial
and aquatic plants and animals, and its excess supply
poses environmental risks because it may cause
eutrophication of surface water bodies. When
external loading of P increased, the sediments as a
pool can absorb it. However, after the external loading is reduced, the sediments as a source would release adsorbed P into water. The characteristics of
street dusts are very similar to the sediments of
lake/river. Phosphorous in the street dusts can have
physical, chemical and biological exchanges through
street dust interstitial water and raining wa-ter during
raining. Many studies on street dust have focused on
trace metal elements concentration, distribution and
source identification in the last decades [3-17].
However, there is little information on phosphorus in
the street dust [2, 18-22]. During rain/ storm/streetwashing events, the street dust particles laden with
phosphorus are washed off and finally end up in
receiving water bodies and may cause eutrophication
of the receiving water bodies. Not all of the
phosphorus fractions can be released into the water,
the phosphorus behavior in street dust for promoting
urban water bodies eutrophication can be more
efficiently evaluated based on the their frac-tions,
instead of the total phosphorus content.
Chengdu, one of the most crowded cities in the
world, has experienced a rapid urbanization and
industrialization in the last decades. The rapid
growth of industry, population and vehicle exerts a

ABSTRACT
The phosphorus fractions and phosphate
sorption and release characteristics of the street dusts
from Chengdu City were investigated. The results
indicated that the total phosphorus (TP) contents in
the street dusts varied from 0.58mg/g to 0.84mg/g;
inorganic phosphorus (IP) was the major fraction of
TP; Calcium bound phosphorus (Ca-P) was the main
fraction of IP. For all the street dusts samples, the
rank order P-fractions was Ca-P> organic
phosphorus (OP)>Phosphorus bound to Al, Fe, and
Mn oxides and oxyhydroxides (Fe/Al-P). Phosphate
sorption on the street dusts mainly occurred within
3h and then reached to equilibrium in 14h. The
phosphate sorption capacity ranged from
194.78mg/kg to 945.81mg/kg and the phos-phate
sorption efficiency ranged from 57.17 L/kg to
330.86L/kg; there was no significant correlation
between street dust compositions and the maximum
phosphate sorption capacity, phosphate sorption
efficiency. The amounts of P released from the street
dusts were strongly in positive correlations with the
contents of Fe/Al-P and OP. It indicated that Fe/AlP and OP were main released fractions, and it can
release P easily.

KEYWORDS:
Phosphorus forms; Sorption kinetic; Sorption isotherm;
Release; Street dust; Chengdu City.

INTRODUCTION
The rapid increase of impervious land in the
city changes surface accumulation and the flush law
RI SROOXWDQWV DQG OHDGV WR WKH ³VRXUFH´ ³SURFHVV´
DQG³VLQN´RIWKHQRQSRLQWVRXUFHSROOXWLRQFKDQ-ged
[1]. As an important carrier of pollutants, street dust
is one of the typical nonpoint source pollution, and it
is closely related to water and air pollution. On the
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FIGURE 1
Location sketch of sampling sites
WLRQ LQ XUEDQ DUHDV LQ &KHQJGX IRUW\WZR VDPSOHV
ZHUH FROOHFWHG DW GLIIHUHQW GLVWULFWV ZLWK GLIIHUHQW
ODQG XVH ;LKXD XQLYHUVLW\ DQG 6RXWKZHVW -LDRWRQJ
8QLYHUVLW\ HGXFDWLRQDOGLVWULFWDEEUHYLDWLRQDV('
66  &KXQ[L URDG DQG %DEDRURDG FRPPHUFLDO
FHQWHU GLVWULFW FRPPHUFLDO GLVWULFW DEEUHYLDWLRQ DV
&'66 'X)X7KDWFKHG&RWWDJHDQG7HPSOH
RI 0DUTXLV VFHQLF GLVWULFWV VFHQLF SDUNV DEEUH
YLDWLRQ DV 63 66  &KHQJGX QRUWK UDLOZD\
VWDWLRQ DQG ;LQQDQPHQ EXV VWDWLRQ WUDIILF SLYRWDO
GLVWULFWDEEUHYLDWLRQDV7'66 3L[LDQFRXQW\
PRGHUQLQGXVWULDOSRUWRIGHVWLQDWLRQDQG6KXDQJOLX
DLUSRUW LQGXVWULDO SDUN LQGXVWULDO GLVWULFW
DEEUHYLDWLRQ DV ,' 66  6KDKHSX UHVLGHQWLDO
GLVWULFWDQG$ORRSVHFWLRQRI(DVWUHVLGHQWLDOGLVWULFW
UHVLGHQWLDO GLVWULFW DEEUHYLDWLRQ DV 5' 66 
DQG 6DQGDR\DQ WRZQ DQG <RXDL WRZQ SHULXUEDQ
GLVWULFWDEEUHYLDWLRQDV3'66 LQ &KHQJGX
&KLQD )RUW\WZR VDPSOHV ZHUH FROOHFWHG RQ
SDYHPHQWVQH[WWRURDGVDWSHULRGVZKHQQRUDLQKDG
RFFXUUHGGXULQJWKHSUHYLRXV ZHHNLQ &KHQJGX$W
HYHU\VDPSOLQJVLWHPRUHWKDQJRIVWUHHWGXVW
FRPSRVLWHVDPSOHZDVFROOHFWHGE\VZHHSLQJXVLQJ
SRO\HWK\OHQHEUXVKDQGWUD\IURPILYHWRHLJKWSRLQWV
RI URDGSDYHPHQW HGJHV ZLWKLQ WKH VFRSH RI
PîP$OOWKHVDPSOHVZHUHVWRUHGLQWKHVHDOHG
SRO\HWK\OHQH EDJV ODEHOHG DQG WKHQ WUDQVSRUWHG WR
WKH ODERUDWRU\ 7KH VDPSOHV ZHUH DLUGULHG LQ WKH
ODERUDWRU\IRUZHHNV'ULHGVDPSOHVZHUHJULQGHG
E\DSRUFHODLQPLOODQGWKHQSDVVHGWKURXJKD
PHVK VLHYH EHIRUH DQDO\]LQJ 'HWDLOHG ORFDWLRQV RI
VDPSOLQJVLWHVDUHVKRZQLQ)LJ7KHS+RIDOOWKH
VDPSOHV ZDV WDNHQ LQ WKH UDWLR Z Y  VDPSOH  
GLVWLOOHGZDWHU  >@7KHRUJDQLFPDWWHUV 20 
ZHUH

heavy pressure on its urban environment. The aims
of this study were to investigate the characteristics of
the phosphorus fractions in the street dusts of
Chengdu City, to calculate the phosphate sorption
capacity, to describe isotherms of the phosphate
sorption and the characteristics of the phosphate
sorption and release on the street dusts from
Chengdu City, and also to analyze the relationship
between the phosphate sorption-release characteristics and the phosphorus fractions.

MATERIALS AND METHODS
Study area. &KHQJGX ƍ-ƍ1 
ƍ-ƍ(  WKH FDSLWDO RI 6LFKXDQ SURYLQFH LV
located in the southwest of China. Geomorphologically, it is high to the northwest and low to the
southeast, not far from the western slopes of the
Longmen Mountains. With a typical continental
monsoon climate of northern temperate zone, there
are four distinct seasons in Chengdu. The average
temperature ranges from 5 °C in winter to 26 °C in
summer. The average annual precipitation is 918
mm. Rainfall mainly concentrated from July to August. The least rainfall concentrated from December
to March. In the present study, street dust samples
were collected from various areas with different land
uses (educational district, comercial district, scenic
parks, traffic pivotal district, industrial dis-trict,
residential district, and peri-urban district).
6DPSOLQJ DQG DQDO\WLFDO SURFHGXUHV
$OWKRXJKWKHUHZDVQRVWULFWIXQFWLRQDOFODVVLILFD
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7$%/(
3K\VLFDODQGFKHPLFDOFKDUDFWHULVWLFVRIWKHVRLORIZDWHUOHYHOIOXFWXDWLQJ]RQH
,WHPV
pH
620 PJJ
71 PJJ
&1UDWLR PDVV
C/P ratio(mass)
N/P ratio(mass)
73 PJJ
,3 PJJ

&'
7.36
11.89
1.23
5.59
9.27
1.66
0.74
0.55

('
6.85
12.04
1.18
5.90
9.57
1.62
0.73
0.64

63
7.51
14.45
1.31
6.40
10.71
1.67
0.78
0.60

,'
7.32
9.48
0.98
5.63
9.45
1.68
0.58
0.42

5'
7.14
13.83
1.34
6.01
10.51
1.75
0.76
0.51

3'
6.99
15.43
1.55
5.77
10.62
1.84
0.84
0.61

VFUHZFDSFHQWULIXJHWXEHV'ULHGVWUHHWGXVWVDPSOH
RIJZDVSXWLQWRPOFHQWULIXJHWXEHVDQG
PORI0&D&OVROXWLRQZDVDGGHGLQHDFKRI
WKHPWRPDLQWDLQFHUWDLQLRQLFVWUHQJWK7ZRGURSVRI
FKORURIRUPZHUHDGGHGWRLQKLELWEDFWHULDODFWLYLW\
7KHFHQWULIXJHWXEHVZHUHFDSSHGDQGLQFXEDWHGDW
ԨLQDQRUELWDOVKDNHUDWUSPIRUK7KH
ILOWUDWH ZDV WDNHQ IRU 3 DQDO\VLV )RU DOO VDPSOHV
GXSOLFDWHV ZHUH DQDO\]HG DQG WKH GDWD ZHUH
H[SUHVVHGDVWKHDYHUDJHYDOXHV

measured by Kjeldahl and potassium dichromateexternal heating method, separately [24].
3KRVSKRUXVIUDFWLRQVThe street dust samples
were sieved with a standard 100-mesh sieve, and the
sequential phosphorus fraction was carried out by
using the SMT procedure [25]. The SMT protocol,
proposed by the Community Bureau of Reference,
was applied to extract different phos-phorus [26].
Phosphorus was separated into five fractions by this
method. Phosphorus bound to Al, Fe, and Mn oxides
and oxyhydroxides was extract-ed by NaOH (Fe/AlP). Phosphorus bound to cal-cium was extracted by
HCl (Ca-P). In a separated extraction, inorganic
phosphorus (IP) was extracted by HCl and the
residual was treated at 450 ć to analyze organic
phosphorus (OP). TP in the soils was determined by
processing the sample at 450ć, followed by HCl
extraction. Phosphate concen-trations in the
supernatant of the extraction were analyzed by using
the molybdenum blue method [27].

RESULTS AND DISCUSSION
6WUHHW GXVWV FKDUDFWHULVWLFV 7KH JHQHUDO
SK\VLFDOFKHPLFDO IHDWXUHV DQG WKH FKHPLFDO
FRPSRQHQWFRQWHQWVRIWKHVWUHHWGXVWVRI &KHQJGX
DUHSUHVHQWHGLQ7DEOH7KHS+YDULHGIURPWR
 ZKLFK ZDV PDLQO\ DONDOHVFHQF\ 620 IURP
PJJ WR PJJ 71 IURP PJJ WR
PJJ&1UDWLR PDVV IURPWR&3
UDWLR PDVV  IURP  WR  13 UDWLR PDVV 
IURPWR7KHVHLQGLFDWHGWKDWWKHSK\VLFDO
FKHPLFDO FKDUDFWHULVWLFV RI WKH  VWUHHW GXVWV RI
GLIIHUHQW GLVWULFWV IURP &KHQJGX &LW\ KDG D OLWWOH
FKDQJH

3KRVSKDWH VRUSWLRQ NLQHWLF H[SHULPHQWV
'ULHGVWUHHWGXVWVVDPSOHV J ZHUHDGGHGLQD
VHULHV RI PO DFLGZDVKHG VFUHZFDS FHQWULIXJH
WXEHV ZLWK PO SKRVSKDWH VROXWLRQ .+32
FRQWDLQLQJ PJ/ 3  7ZR GURSV RI FKORURIRUP
ZHUH DGGHGWRLQKLELWEDFWHULDODFWLYLW\7KHFHQWUL
IXJHWXEHVZHUHFDSSHGDQGLQFXEDWHGDWԨLQ
DQRUELWDOVKDNHUDWUSPIRUGLIIHUHQWWLPHLQWHU
YDOVYDU\LQJZLWKLQK 
     DQG K  7KH VDPSOH ZDV
LPPHGLDWHO\FHQWULIXJHGDWUSPIRUPLQDQG
WKHQILOWHUHGWKURXJKPP*)&ILOWHUPHPEUDQH
7KHILOWUDWHZDVWDNHQIRUSKRVSKDWHDQDO\VHV

3KRVSKRUXV IUDFWLRQV 73 FRQWHQWV LQ WKH
VWUHHWGXVWV YDULHGIURPPJJWRPJJ ,3
IURPPJJWRPJJ 7DEOH ZKHUHDV23
FRQWHQWVIURPPJJWRPJJ&D3FRQWHQWV
IURP PJJ WR PJJ DQG )H$O3 FRQWHQWV
IURP PJJ WR PJJ )LJ  )RU DOO WKH
VDPSOHV 3IUDFWLRQV ZHUH LQ WKH RUGHU RI &D
3!23!)H$O37KLVGLVWULEXWLRQSDWWHUQZDVVLPLODU
WRWKDW&XLWDQ3HQJ[L'DQLQJ;LDQJ[L+DQ5LYHU
DQGWKHZDWHUOHYHOIOXFWXDWLQJ]RQHRI7KUHH*RUJHV
5HVHUYRLU >@ 7KH UHODWLRQVKLSV EHWZHHQ
SKRVSKRUXV IUDFWLRQV DQG VRLOV FRPSRVLWLRQV DUH
VKRZQ LQ 7DEOH  ,3 )H$O3 &D3 23 FRQWHQWV
ZHUH QRWDOOVLJQLILFDQWO\FRUUHODWHGZLWKS+253
62071&1&3DQG1373ZHUHVLJQLILFDQWO\
FRUUHODWHGZLWK620DQG71 S =KDQJELQHW
DOIRXQGWKDW73,3)H$O3&D323FRQWHQWVZHUH
QRW DOO VLJQLILFDQWO\ FRUUHODWHG ZLWK S+ 620 DQG
71 FRQWHQWV LQ WKH VRLOV RI ZDWHUOHYHOIOXFWXDWLQJ
]RQHRI7KUHH*RUJHV5HVHUYRLULWLVVLPLODUWRWKLV
VWXG\>@
7KHUH ZHUH LQWHUFRUUHODWLRQV DPRQJ YDULRXV
SKRVSKRUXVIUDFWLRQVDPRQJYDULRXVSKRVSKRUXV

3KRVSKDWH VRUSWLRQ LVRWKHUP H[SHULPHQWV
6WUHHW GXVWV VDPSOHV RI J ZHUH SXW LQWR WKH
PO VFUHZ FDS FHQWULIXJH WXEHV DQG PO SKRV
SKDWH VWDQGDUG VROXWLRQV DQK\GURXV .+32  RI
YDULRXV FRQFHQWUDWLRQV IURP PJ/ WR PJ/ 

PJ / 3 7KH FRQGLWLRQV RI WKH RWKHU H[SHULPHQWV
ZHUH WKH VDPH DV WKDW RI WKH DGVRUSWLRQ NLQHWLFV
H[SHULPHQWV $IWHU K RI HTXLOLEUDWLRQ WKH VROX
WLRQV ZHUH FHQWULIXJHG DW USP IRU PLQ DQG
VXSHUQDWDQWVZHUHUHPRYHGIRU3DQDO\VLV
3KRVSKDWH UHOHDVH H[SHULPHQWV 3 UHOHDVH
NLQHWLFH[SHULPHQWVZHUHSHUIRUPHGLQPO3\UH[
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TABLE 2
Pearson correlation coefficients between the phosphorus fractions and the street
dust properties (n=7)
pH
SOM
TN
C/N
C/P
N/P

TP

IP

Fe/Al-P

Ca-P

OP

-0.184
0.962**
0.961**
0.551
0.744
0.433

-0.38
0.713
0.668
0.532
0.453
-0.014

0.306
0.447
0.38
0.383
0.565
0.386

-0.402
0.559
0.529
0.416
0.295
-0.11

0.339
0.476
0.506
0.175
0.505
0.576

*p<0.05, **p<0.01
ZLWKSUHYLRXVUHSRUWV>@
fractions (Table 3). There were significant relationships between TP and IP. IP and Ca-P contents had
the most significant relationship. The relationships
between OP content and Fe/Al-P content were also
significant. Therefore, IP was caused by Ca-P
contents, and the origin of OP is the same to Fe/AlP or Fe/Al-P originates from OP decomposed.
Similar results were also reported in the river delta,
lake sediments and the soils of water-levelfluctuating zone of Three Gorges Reservoir [28, 3034].
IP was the major phosphorus fraction in the
street dusts. This fraction was reported as an important source of bioavailable phosphorus in eutrophic
sediments [35]. Table 3 indicated that with the observed relationships among the various phosphorus
fractions, IP contributed substantially to the supply
of TP, Ca-P contributed substantially to the supply
of IP in the street dusts. This is very similar to the
previous study in the soils of water-level-fluc-tuating
zone of Three Gorges Reservoir and the sediment of
shallow lakes in the middle and lower reaches of
Yangtze River region [31, 34].

TABLE 3
The intercorrelations between various
phosphorus fractions in the street dusts (n=7)
TP
1.000

IP

0.804*

Fe/Al-P Ca-P

OP

1.000

Fe/Al-P 0.335

-0.111

Ca-P

0.666

0.967** -0.354

1.000
1.000

OP

0.414

-0.192

-0.391

0.790*

1.000

*p<0.05, **p<0.01
The sorption rate was used to describe the
phosphate sorption by the street dusts. The sorption
rates of the street dust samples with time are shown
in Table 4. The average sorption rates of 0-0.5h were
the highest within 72h, ranging from 9.09mg/kg·h to
118.42mg/kg·h. This indicated that a quick sorption
process mainly occurred within 0.5h.
7KHVRUSWLRQLVRWKHUPRISKRVSKDWHRQVWUHHW
GXVW 7KH VRUSWLRQ LVRWKHUPV RI SKRVSKDWH RQ WKH
VWUHHW GXVWV DUH VKRZQ LQ )LJ 7KH SKRVSKDWH
VRUSWLRQFDSDFLW\ZDVILWWHGE\>@
(1)
Q=QmaxhC/(Kd+C),
Where C is the phosphate sorption equilibrium
concentration (mg/L), Q is the phosphate sorption
capacity (mg/kg dry weight) and is the absorbed
phosphate when the equilibrium is reached, Qmax is
the maximum phosphate sorption capacity (mg/kg
dry weight), Kd is the half-saturation concentration
(mg/L), i.e., the phosphate concentration that must
be added to obtain an sorption equal to the half Qmax,
and the slope is a measure of the phosphate sorption
efficiency of sediments [39]. The calculated data of
Qmax, Kd, and slope are shown in Table 5. The
maximum phosphate sorption capacity varied from
194.78mg/kg to 945.81mg/kg, Kd from 0.34mg/L to
4.50mg/L, and slope from 57.17 L/kg to 330.86L/kg.
The sorption capacity and efficiency were
compared with some street dust physical and
chemical parameters. SOM, TP, IP, and TN contents
provide an estimation of the free sorption sites in
street dust particles. Ration of total C/N

FIGURE 2
Amounts of different phosphorus forms of the
street dusts from Chengdu City
7KHVRUSWLRQNLQHWLFVRISKRVSKDWHRQVWUHHW
GXVWV 7KH SKRVSKDWH VRUSWLRQ NLQHWLF UHVXOWV DUH
VKRZQ LQ )LJ 7KH SKRVSKDWH VRUSWLRQ FDSDFLW\
LQFUHDVHG UDSLGO\ ZLWK WLPH LQFUHDVLQJ ZLWKLQ K
$IWHU K WKH VRUSWLRQ SURFHVV UHDFKHG WR HTXL
OLEULXP7KHVRUSWLRQNLQHWLFVZDVVLPLODUDPRQJWKH
VWXGLHGVHGLPHQWVDPSOHV7KHUHVXOWVDUHFRQVLVWHQW
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FIGURE 3
The phosphate sorption kinetics of the street dusts from Chengdu City

FIGURE 4
Sorption isotherms of phosphate on the street dusts from Chengdu City
TABLE 4
The phosphate sorption rates on the street dusts at different sampling intervals (mg/kg·h)
Sampling intervals
Sample
CD
ED
SP
TD
ID
RD
PD

0-0.5

0.5-1

1-2

2-3

36.37
118.42
89.33
14.78
9.09
63.65
91.52

9.09
45.24
12.50
26.14
13.64
1.14
6.22

37.51
19.89
-5.45
15.21
3.41
18.75
0.87

1.14
7.96
4.55
4.68
24.44
18.75
44.19

3-5

5-7

2.84
1.14
16.37
1.64
5.11
1.42
8.44

7-8

2.84
14.21
4.83
1.27
1.14
4.19
0.65

5.68
10.23
5.68
1.57
10.80
2.27
2.27

8-9
5.68
36.37
11.93
2.84
17.05
2.84
23.30

9-12
18.79
4.17
9.13
8.52
1.89
9.90
15.08

1224
2.69
2.10
1.93
1.94
1.42
3.27
1.59

24-48

48-60

0.76
0.05
0.32
0.57
0.38
0.38
0.14

0.89
0.28
0.40
0.95
0.19
0.38
0.19

6072
-0.02
0.14
0.95
-0.47
-0.09
0.47
0.09

TABLE 5
The calculated Qmax, Kd, slopes, and coefficients
Samples
CD
ED
SP
TD
ID
RD
PD

Qmax(mg/kg)
945.81
213.57
382.35
194.78
514.85
299.11
224.01

Kd(mg/L)
3.61
0.47
1.94
0.73
4.50
0.64
0.34

K(L/mg)
0.28
2.15
0.52
1.38
0.22
1.57
2.95

R2
0.986
0.996
0.995
0.995
0.996
0.994
0.988

He found that the maximum phosphate sorption
capacity was significantly correlated with TOC, TN,
TP, and IP contents in the sediment of shallow lakes
in the middle and lower reaches of Yangtze River
region [34]. But these results were similar to the soils
of water-level-fluctuating zone of Three Gorges
Reservoir [31]. It may also be explained by the street
dusts from Chengdu City and the soils of waterlevel-fluctuating zone affected by human activities

may indicate the amount and type of organic matter
existed in the street dusts. The correlation efficient
among street dust compositions, the maximum
phosphate sorption capacity, and phosphate sorption
efficiency are shown in Table 6. There was no
significant correlation between street dust
compositions and the maximum phosphate sorption
capacity, phosphate sorption efficiency. This was
different from the results of Wang Shengrui¶s study.
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Slope(L/kg)
131.09
229.45
98.57
134.24
57.17
235.49
330.86
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TABLE 6
Correlation coefficients between the soil compositions and the maximum phosphate sorption capacity
(Qmax), and the phosphate sorption efficiency (slope)
Qmax
Slope

TP

SOM

TN

IP

C/N

C/P

N/P

-0.103
0.715

-0.219
0.665

-0.202
0.791*

-0.183
0.590

-0.150
0.082

-0.351
0.462

-0.364
0.631

*p<0.05, **p<0.01

FIGURE 5
Relationship between the amounts of P released and different P fractions
VWURQJO\ LQ SRVLWLYH FRUUHODWLRQV ZLWK )H$O3
U  S Q   DQG 23 U  S
Q  EXWZDVQRWFRUUHODWHGZLWK,3DQG&D37KLV
PHDQVWKDW)H$O3DQG23PD\HDVLO\EHUHOHDVHG
IURP WKH VWUHHW GXVWV DQG WKH\ ZHUH PDLQ
FRQWULEXWRUVRIWKHUHOHDVH3VRXUFHLQWKHVWUHHWGXVWV
DQGRIWKHVRXUFHVIRUWKHVXUIDFHUXQRIIZDWHUGXULQJ
UDLQLQJ7KDWLVLQDJUHHPHQWZLWK5XEDQ¶VDQG0D
/LPLQ¶VVWXG\7KH\DOOWKRXJKWWKDW)H$O3DQG23
ZHUHDOOHDVLO\UHOHDVHG>@

during exposing.
3KRVSKRURXVUHOHDVH7KHFRQFHQWUDWLRQRI3
LQ WKH RYHUO\LQJ ZDWHU UDQJHG IURP PJ/ WR
PJ/ DIWHU WKH K UHOHDVH H[SHULPHQW 7KH
FRUUHVSRQGLQJDPRXQWVRI3UHOHDVHGIURPWKHVWUHHW
GXVWVDUHLQWKHUDQJHIURPPJNJWRPJNJ
ZKLFKZDVIURPWRRI73FRQWHQWV7KH
DPRXQWV RI 3 UHOHDVHG IURP WKH VWUHHW GXVWV ZHUH
FRQVLVWHQWZLWKWKHDPRXQWVRI)H$O3DQG237KH
KLJKHUFRQWHQWRI)H$O3DQG23LQVWUHHWGXVWVLV
DQGWKHJUHDWHUWKHUHOHDVHZLOOEH7KLVLVGLIIHUHQW
IURPWKHSUHYLRXVVWXG\LQWKHVRLORIWKHZDWHUOHYHO
IOXFWXDWLQJ]RQHRI7KUHH*RUJHV5HVHUYRLU>@7KH
UHODWLRQVKLSV EHWZHHQ UHOHDVHG 3 DQG GLIIHUHQW 3
IUDFWLRQVLQWKHVWUHHWGXVWVDUHVKRZQLQ)LJ,WFDQ
EH FRQFOXGHG WKDW WKH FRQWHQWV RI UHOHDVHG ZDV

CONCLUSION
˄1˅ TP amounts in the in the street dusts from
Chengdu City varied from 0.58mg/g to 0.84mg/g; IP
was the major fraction of TP, and IP increases were
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KLHUDUFKLFDO ELRDYDLODELOLW\ DQG SRSXODWLRQ
GLVWULEXWLRQLQWRSRWHQWLDOHFRULVNDVVHVVPHQWRI
KHDY\ PHWDOV LQ URDG GXVW $ FDVH VWXG\ LQ
;LDQGDR 'LVWULFW &KDQJVKD FLW\ &KLQD 6FL
7RWDO(QYLURQ
[8] 16 'X]JRUHQ$\GLQ   6RXUFHV DQG
FKDUDFWHULVWLFV RI OHDG SROOXWLRQ LQ WKH XUEDQ
HQYLURQPHQWRI*XDQJ]KRX6FL7RWDO(QYLURQ

[9] +0/L;4LDQ:+X</:DQJ+/*DR
  &KHPLFDO VSHFLDWLRQ DQG KXPDQ KHDOWK
ULVNRIWUDFHPHWDOVLQXUEDQVWUHHWGXVWVIURPD
PHWURSROLWDQFLW\1DQMLQJ6(&KLQD6FL7RWDO
(QYLURQ
[10] 16H]JLQ+.2]FDQ*'HPLU61HPOLRJOX
&%D\DW  'HWHUPLQDWLRQRIKHDY\PHWDO
FRQFHQWUDWLRQV LQ VWUHHW GXVWV LQ ,VWDQEXO (
KLJKZD\(QYLURQ,QWHUQDWLRQDO
[11] ;:/X/-:DQJ./HL-+XDQJ<;=KDL
  &RQWDPLQDWLRQ DVVHVVPHQW RI FRSSHU
OHDG]LQFPDQJDQHVHDQGQLFNHOLQVWUHHWGXVW
RI %DRML 1: &KLQD - +D]DUG 0DWHU 

[12] ;:/X/-:DQJ/</L./HL/+XDQJ
'.DQJ  0XOWLYDULDWHVWDWLVWLFDODQDO\VLV
RI KHDY\ PHWDOV LQ VWUHHW GXVW RI %DRML 1:
&KLQD-+D]DUG0DWHU
[13] 5/ 7DQJ .0 0D <; =KDQJ 4= 0DR
 7KHVSDWLDOFKDUDFWHULVWLFVDQGSROOXWLRQ
OHYHOVRIPHWDOVLQXUEDQVWUHHWGXVWRI%HLMLQJ
&KLQD$SSOLHG*HRFKHPLVWU\
[14] 3$ 7DQQHU +/ 0D 3.1 <X  
)LQJHUSULQWLQJ 0HWDOV LQ 8UEDQ 6WUHHW 'XVW RI
%HLMLQJ 6KDQJKDL DQG +RQJ .RQJ (QYLURQ
6FL7HFKQRO
[15] ;+XD<=KDQJ-/XR7-:DQJ+=/LDQ
=+ 'LQJ   %LRDFFHVVLELOLW\ DQG KHDOWK
ULVN RI DUVHQLF PHUFXU\ DQG RWKHU PHWDOV LQ
XUEDQ VWUHHW GXVWV IURP D PHJDFLW\ 1DQMLQJ
&KLQD(QYLURQPHQWDO3ROOXWLRQ
[16] %*:HL)4-LDQJ;0/L6<0X  
6SDWLDO GLVWULEXWLRQ DQG FRQWDPLQDWLRQ
DVVHVVPHQWRIKHDY\PHWDOVLQXUEDQURDGGXVWV
IURP 8UXPTL 1: &KLQD 0LFURFKHPLFDO
-RXUQDO
[17] 60:DQJ4/L'=:DQJ;*DR  
&RQFHQWUDWLRQ 'LVWULEXWLRQ $QG &RPSRVLWLRQ
2I +HDY\ 0HWDOV ,Q 6WUHHW 'XVW )URP 6PDOO
7RZQV ,Q <RQJFKXDQ &KRQJTLQJ )UHVHQ
(QYLURQ%XOO
[18] 60:DQJ4+=KX%=KDQJ;*DR  
&RQFHQWUDWLRQ GLVWULEXWLRQ DQG FRPSRVLWLRQ RI
SKRVSKRUXV LQ VWUHHW GXVW IURP VPDOO WRZQV LQ
<RQJFKXDQ &KRQJTLQJ $GYDQFHG 0DWHULDOV
5HVHDUFK
[19] 60 :DQJ + <X   'LVWULEXWLRQ DQG
%LRDYDLODELOLW\ RI 1LWURJHQ 6SHFLHV LQ 6WUHHW
'XVW IURP 6PDOO 7RZQV LQ <RQJFKXDQ
&KRQJTLQJ$GYDQFHG0DWHULDOV5HVHDUFK


mainly caused together by Ca-P. )RU DOO WKH VWUHHW
GXVWVDPSOHVWKHUDQNRUGHURI3IUDFWLRQZDV&D
3!23!)H$O3
˄2˅ 3KRVSKDWH VRUSWLRQ RQ VRLOV PDLQO\
RFFXUUHG ZLWKLQ K DQG WKHQ UHDFKHG WR G\QDPLF
HTXLOLEULXP 7KH PD[LPXP SKRVSKDWH VRUSWLRQ
FDSDFLW\ RI WKH GXVWV UDQJHG IURP PJNJ WR
PJNJDQGWKHSKRVSKDWHVRUSWLRQHIILFLHQF\
RIWKHVWUHHWVUDQJHGIURP/NJWR/NJ
WKHUH ZDV QR VLJQLILFDQW FRUUHODWLRQ EHWZHHQ VWUHHW
FRPSRVLWLRQVDQGWKHPD[LPXPSKRVSKDWHVRUSWLRQ
FDSDFLW\SKRVSKDWHVRUSWLRQHIILFLHQF\
˄3˅ The contents of P released from the street
dusts have positive correlations with Fe/Al-P and OP.
This indicated that Fe/Al-P and OP may easily be
released from the street dusts, and they contributed
the most to the release P source in the street dusts
and of the sources for the surface runoff water during
raining.
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expensive and energy-efficient feed source for
livestock [1]. In addition, hosting many plant species, soil organisms, and wild animals is also among
the ecological functions of pastures. While soil
factors in these areas are formed with the coming
together of biotic and abiotic factors that affect
vegetation cover, animal, and topographic factors,
there is an also a mutual relationship take develops
in this association. Effects of environ-mental factors
on plant communities have been the subject of many
ecological studies in recent years. In this respect,
although grazing plays a key role in shaping plant
communities, there are other environmental factors,
including human activities, which are usually more
important than grazing in order to understand species
composition, productivity [2-4], specific plant
community [5,6] or soil nutrient content [7-12].
Notably, land use has strongly influenced vegetation
cover and distribution [13,14] and diversity patterns
of ecological communities in many parts of the
world. Hanke et al. [15] stated that despite these
extensive conceptual frameworks, we still lack a
general understanding of how grazing affects
biodiversity in pastures. The area of semi-natural
grasslands traditionally used for grazing or the
harvesting of hay and bedding for livestock has
significantly decreased across Europe [16]. Such
grasslands have been mainly used for grazing by
livestock (pastures) or hay-making (meadows), but
might also be a successional stage of abandoned
arable fields [17]. Skornik et al. [18] found in
Slovenian dry pastures that species richness is
highest under light grazing, but decreases
significantly both through grazing intensification
and abandonment. On the other hand, Bornkamm
[19] demonstrates species loss due to grazing, which
is explained by the selective destruction of biomass,
compression of soil and destruction of soil surface
caused by the presence of grazing animals.
Variations in grassland floristic composition are
dependent on historical management practices,
including mowing, spring raking, late grazing,
grazing every second year, and livestock moving
among the sites [20]. Accordingly, plant diversity
has been influenced by soil nutrition [21,22]. Studies
conducted in different regions showed that the
gradient closely reflects

ABSTRACT
The focus of my research is to determine the
impact of soil factors and management systems on
the vegetation composition of the Yukarisevindikli
natural pasture in Tekirdag, Turkey. Measurements
in the pasture were taken during three different
management systems (grazed, abandoned, and
mowed). Multivariate relationships between environmental variables and vegetation composition
were determined using redundancy analysis (RDA)
using the CANOCO (4.5) program. This research
found that soil parameters and management systems
had effects on dry matter yield and pasture species in
the Yukarisevindikli pasture. Using RDA, which is
among the ordination analyses, the effect of
environmental factors on species distribution and dry
matter yield was found to be very important on each
axis. It was determined that Lolium perenne is
common on certain sites that are mown and protected
while Vulpia ciliata among graminae is the plant of
grazed sites. In the study, it was determined that the
low amount of organic matter and soil nutrients in
grazed pasture sites negatively affects both the plant
species composition and dry matter yield. The
method of usage and soil structure will comprise an
important function in the success of pasture
management and overall improvement by assessing
the collected data. In this context, the protection of
the pasture and not allowing heavy grazing from time
to time will ensure that the pasture can be used more
profitably. As a result, in the future, similar studies
should be conducted to understand better the
dynamics of a pasture eco-system in natural areas.
KEYWORDS:
Management system, pasture, redundancy analysis results
(RDA), soil factors, vegetation composition

INTRODUCTION
Livestock products generate the greatest
economic return from most range and pasture lands
since compared with harvested or purchased feeds;
pastures and pasture provide a relatively in2904
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FIGURE 1
Google earth image of Yukarisevindikli pasture
Measurements in the pasture were taken at three
different sites. We identified differences in the
species composition between grazed, abandoned,
and mowed sites. Measurements were taken between
1 May and 15 July 2013. There were 22 study sites
selected for vegetation analyses. These sites were
grazed, abandoned and mowed. The mowed sites
included numbers 7, 11, 14, 15, 16, and 22; grazed
sites included numbers 5, 8, 13, 18, 19, 20, and 21;
and the abandoned sites were numbers 1, 2, 3, 4, 6,
9, 10, 12, and 17. The presence/absence data of all
vascular plant species were recorded in the sites.
Each site consisted of a 16 m2 plot. A total of three
units were sampled at each of the 22 sites to
determine dry matter yield according to weight. For
determination the dry matter yield of the samples
were harvested about 5 cm above the soil surface. All
of the plots in 0.25 m2 were clipped at each of the 22
sites. The aboveground standing crop was measured
by cutting herbaceous biomass (at ground level) and
dried at hay yield was determined by drying the
samples at 78ºC for 24 h. Based on the analysis of
soil sampled from the top 0 to 20 cm of pasture, the
percentage of organic substance, phosphorus, lime,
and total salt were determined. Soil was sampled at
each of the sites. Soil variables measured included
electrical conductivity (EC), organic matter (OM),
Ca (Calcium), pH, N (Nitrogen), P (Phosphorus),
and K (Potassium).
Soil organic matter was assessed using the
WalkleyeBlack method [37]. Soil reaction (pH) and
EC were measured using a pH meter. Potassium
levels were determined using a flame photometer.
Calcium (Ca) levels were determined by titration
with EDTA. Total nitrogen(N) was determined using
the Kjeldahl method [38]. Available phosphorus (P)
was determined by the Olsen method [39].

environmental conditions and can be characterised
by water and soil chemistry variables such as pH and
concentration of calcium and magnesium [23-26].
Changes in land use result in changes in vegetation
cover and reductions in species richness, leading to
both ecological and socio-political impacts [27].
As in Europe, pastures in Turkey are also under
the pressure of heavy grazing, and deteriorations
have occurred in vegetation cover over time. The
Tekirdag pastures that we examined show similar
properties, and traditional agricultural practices can
be applied to modify their composition. Turkey has
14.617 ha of natural pastures, and it comprises
18.71% of the soil property [28]. However, studies
about the quantitative approach to pasture vegetation
cover properties are limited [29-34]. In this context,
the general struc-ture of pasture vegetation by region
can be determined by increasing quantitative studies.
The objective of this study was to determine the
effects of I) different management systems and II)
soil factors on vegetation composition in a natural
pasture. Firincioglu et al. [35] and Ababou et al. [8]
performed a RDA to determine the topographic and
edaphic factors that influence plant species occurrence in order to understand the most important
components affecting the segregation of plant
species. For this purpose, RDA analyses were
performed using the CANOCO computer program in
this study.

MATERIALS AND METHODS
The study area was situated in Yukarisevindikli village of Tekirdag city. The latitude was
¶ 47 N and longitude was 27°34¶54 E of
Yukarisevindikli village, Tekirdag (Europe Part) in
Turkey [36].
Long-term total precipitation and annual mean
temperature were 585 mm and 14°C, respectively.

Statistical Analysis. Multivariate relationships between environmental variables and vege-
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TABLE 1
Redundancy analysis (RDA) of environmental- vegetation composition
Eigenvalues
Species-environment correlations
Cumulative percentage variance
of species data
of species-environment relation
pH
EC
OM
N
K
Ca
P
DM yield

Axis1
0.248
0.963
24.8

Axis2
0.094
0.958
34.1

Axis3
0.066
0.881
40.8

Axis4
0.045
0.844
45.3

43.6
0.3981
0.0969
-0.9288
-0.1442
-0.5814
0.2997
-0.2349
-0.8209

60.1
-0.5217
-0.4004
-0.0879
-0.0595
0.0548
-0.7183
0.1712
0.3309

71.7
0.4197
0.2648
-0.1094
-0.3414
-0.2055
0.0736
-0.4213
-0.2483

79.7
-0.0985
-0.5093
0.0862
-0.2349
0.2671
-0.1560
0.0637
0.0391

Total
1.000
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FIGURE 2
Ordination diagrams (species-enviroment biplots) of RDA
Species: Aegitriu Aegilops triuncialis, Aegigeni Aegilops geniculata, Achimill Achillea millefolium, Airacary Aira caryophyllea ,Anthtinc
Anthemis tinctoria, Anthtome Anthemis tomentosa , Atritata Atriplex tatarica, Avenfatu Avena fatua, Bromtect Bromus tectorum, Chrygryl
Chrysopogon gryllus, Careflac Carex flacca, Capsburs Capsella bursa-pastoris, Conveleg Convolvulus elegantissimus Cynodact Cynodon
dactylon, Cynoechi Cynosorus echinatus Dactglom Dactylis glomerata, , Eryncamp Eryngium campestre, Festovin Festuca ovina Gastphle
Gastridium phleoides, Hordbulb Hordeum bulbosa, Hordmuri Hordeum murinum, Hypethas Hypericum thasium, Koelloba Koeleria
lobata,,Lolipere Lolium perenne, Lotucorn Lotus corniculatus, Medimini Medicago minima, Medifalc Medicago falcata, Ononspin Ononis
spinosa, Ornimont Ornithogalum montanum, Planlance Plantago lanceolata Poa bulb Poa bulbosa, Poatriv Poa trivialis, Rumecris Rumex
crispus Rumeacet Rumex acetosella, Sangmino Sanguisorba minör, Sinaparv Sinapis arvensis, Soncaspe Sonchus asper, Thymlong Thymus
longicaulis, Trifarve Trifolium arvense, Trifcamp Trifolium campestre,Trifnigr Trifolium nigrescens, Trifrepe Trifolium repens, Trifsubt
Trifolium subterraneum, Trifvesi Trifolium vesiculosum, Vicisati Vicia sativa, Vicivill Vicia villosa, Vulpcili Vulpia ciliata, Environmental
Factor: Ca Calcium, EC Electrical conductivity, N Nitrogen K,Potassium OM Organic matter; pH, P phosphorus;DMyield Dry Matter Yield,
3DUFHOVRI6LWH«

pasture. The more common species were the grasses:
Chrysopogon gryllus, Dactylis glomerata, Festuca
ovina, Lolium perenne, Vulpia ciliata, while legumes
included: Trifolium campestre, Trifolium repens,
Medicago minima and other families :Achillea
millefolium, Eryngium campestre, to create the
vegetation structure of this pasture. RDA was
performed to determinate which of the measured
environmental variables would significantly explain
the species composition.
The RDA identified a high cumulative percentage variance of species occurrence data explained

tation composition were determined RDA using
/HSVß DQG 6 ß PLODXHU, [40] and a Monte Carlo
permutation test was used to prove if the results of
the ordination were significant All default parameters in CANOCO (Version 4.5) were used [41].

RESULTS AND DISCUSSION
This research showed that soil parameters and
management systems had effects on dry matter yield
and vegetation composition in the Yukarisevindikli
2906
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and it is negatively correlated to the mown pasture
sites (Figure 2). Among different environmental
factors, soil is of high importance in plant
occurrence, and it is a function of climate,
organisms, topography, parent material and time
[50]. Fakhimi et al. [51] reported that there is a
significant relationship between the increase in the
soil organic matter and the increase in grass
production, and the intensity of grazing does not
affect the usability of P and pH. In other research,
organic matter gradually decreases as the intensity of
grazing increases in pastures [52]. The soil factors of
the abandoned (protected) pasture sites that have the
secondary succession of the study area are similar in
terms of pH, EC and Ca. In these sites, dry matter
yield and pH, EC, and Ca are negatively correlated.
Some of the plant species that are common in these
pasture sites include Poa bulbosa, Cynodon
dactylon, Koeleria lobata, and Bromus tectorum,
Anthemis tomentosa, and Atriplex tatarica. It was
also reported by Richards [53] that the pH of the soil
is directly correlated to availability of lime. Plants
such as Atriplex tatarica and Cynodon dactylon are
prevalent in sites where EC is higher (Figure 2).
Naidu and Harwood [54] suggest the species of
Atriplex sp. under barren pasture conditions and in
salty soils. Cynodon dactylon, which is resistant to
saltiness [55] was also included in this axis. Several
studies have shown that Cynodon dactylon (L.) Pers.
(Bermuda grass, locally known as Khabal grass) is a
species distributed abundantly in tropical, warm and
Sali-nity temperate areas [56-58]. According to
Wahsha et al [59]. All biological and chemical
reactions in soils are related and affected by pH. In
other study, It was observed statistically significant
correlation coefficients between organic carbon
content and pHH2O plant available phosphorus ,
magnesium and potassium [60].
According to the results that highest dry matter
yield was obtained from mowed pasture sections,
this result is followed by abandoned preserved
sections (secondary succession) which is then
followed by grazed rangeland sections. More dry
matter yield was obtained in grazed pasture sites,
while less grass yield was obtained in mown pasture
sites since they are protected in pasture sites
(abandoned) with the protected secondary plant
succession. The greatest dry matter yield was
observed in mowed (22) parcels which is an important difference (Figure 2). According to this research, the highest dry matter yield was obtained
from mowed pasture sites, this is followed by abandoned preserved sections (secondary succession) and
this is followed by grazed sites. In this region,
previous studies found that dry matter yield of grazed
and ungrazed pastures were 357 to 1410 and 1830 to
2353 kg ha-1 in the Trakya region, respectively [30].
In temperate grasslands, including the Eurasian
steppes and secondary semi-dry grasslands, local
species richness increases with productivity up to

on the first two axes of the RDA (34.4%) (Table1).
With RDA of the vegetation data, eingen values of
0.248,0.094,0.066,0.045 were found for axes one to
four, respectively (Table 1). There was a strong
relationship between the vegetation and the
environmental factors, with species-environment
correlations of 0.963 on the first axis and 0.958 on
the second axis. The Monte Carlo permutation test
was significant for the first axis (P = 0.002) and the
second axis (P = 0.002). The first axis explained
nearly 43.6% of the variance of the species-environment relationship, this axis had also a negative
correlation to organic matter (N, K, P, dry matter
yield) while it had positive correlation with pH, EC,
and Ca. The second axis, explained nearly 16.5% of
the variance of species-environment relationship and
this axis had also negative correlation to organic
matter, N, pH, EC, and Ca while it had a positive
correlation to P, K, and the dry matter yield (Table
1). I obtained, as a result of this study, an
understanding of the way that pasture use and its soil
properties affected both the structure of the
vegetation composition and dry matter yield. In
mowed pasture sites, legumes such as Trifolium
campestre, Trifolium repens, Trifolium nigrescens,
and Medicago minima; graminae such as, Lolium
perenne, Hordeum murinum and Aira elegant-issima
and other families such as Capsella bursa-pastoris
and Sinapis arvensis are prevalent. The distribution
of soil factors and plant species with sample sites are
shown in Figure 2.
In this study, it was determined that while the
organic matter is lower in grazed pasture sites, it is
higher in dry matter yield pasture sites, and dry
matter efficiency is in direct proportion to this
(Figure 2). As it has also been expressed by
Fernández-Lugo et al. [9] soil factors have a high
importance in the distribution of plant species.
Similar results regarding soil properties and plant
relations obtained from the study were also reported
by Leonard et al. [42] Andic [43] Patridge et al. [44]
and Dahwa et al. [12] Yimer et al. [45]. Caddel et al.
[46] reported that legumes are generally more
sensitive than forage grasses to nutrient deficiencies
and low soil pH. Successful pasture legume
production depends on maintaining adequate levels
of P and K with a soil pH of at least 6.0. Indeed, it is
known that plants from the family of legumes are
effective in the richness of the soil using N by means
of Rhizobium bacteria. Nevertheless, it can be said
that the graminae that evaluate N well in these sites
rich in N, and plants such as Lolium perenne, Poa
trivialis, Chrysopogon gryllus are also prevalent.
Phospfor and N availability can change the species
composition [47] pH values to be lower than 6, but
the species richness±pH relationship in grasslands is
almost always positive [48]. Nutrient availability is
significantly moderated by the non-resource factors,
such as soil pH, temperature and salinity [49]. EC
and pH are at a lower levels in these pasture sites,
2907
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FIGURE 3
Presence of Lolium perenne in sites
Environmental Factor: Ca Calcium, EC Electrical conductivity, N Nitrogen K Potassium, OM Organic matter;
pH, P Phosphorus; DMyield Dry Matter yield.

about 200±300 g/m2 of above ground biomass
[61,62]. Indeed, it was reported that the structure of
the soil nutrients affects the species composition in
the pasture, as well as the amount of dry matter yield
removed [63]. Specially, taller plants create more
shade on the soil surface and a greater amount of
litter, both factors that reduce evaporation from the
soil and support a moister microclimate. The change
in species composition was related to the change in
structure from open to semi-open grasslands under
active grazing to closed grazing in abandoned sites
[64].
Grasses formed dense communities in large
areas of this pasture as in the local pastures, thereby
increasing the area covered by vegetation. Similar
results were obtained from the studies conducted in
these types of pastures that are mainly composed of
graminae. However, based on the results of one
recent study carried out in Turkey, plant species from
other families were dominant in areas of pasture that
were grazed excessively, although grasses were
dominant in protected areas of the pasture [65].
According to previous research, Adams et al. [66]
found that grasses are usually
dominant in pastures all over the world. Indeed, it
was determined that Chrysopogon gryllus among
these common species are found in grazed dry
pasture sites. Chrysopogon gryllus, grows on warm,
dry, illuminated, sandy grassy slopes and hills as
well as on dry pasture land [67,20]. The most widely
spread species on Buzagici (Tekirdag) pasture was
scented grass (Chrysopogon gryllus) [68-70].
Actually, a mutual relationship has been found
between plant species and environmental factors.
According to Blaj±Irimia, [71] the species in the

class Festuco-Brometea: Medicago falcata,
Plantago media, Galium verum, Achillea setacea,
Thymus pannonicus, Sedum acre, Eryngium
campestre etc., are found in sunnier and drier areas.
Most of these plants are found in Yukarisevindikli
grazed sites (Figure 2). The surfaces covered by
these phytocoenoses are used for the grazing of
animals. Particularly in relatively resource poor
environments, grazing often affects vegetation
composition so that the proportion of unpalatable
species increases [72]. Tepe [73], and Ozer et al. [74]
reported that plants that show an extensive spread
such as Achillea spp are detected in grazed pasture
sites that are not very selective in terms of soil
properties, and they can live in different regions of
the world and under different ecological conditions.
At the same time, it is known that plants such as
Achillea millefolium and Plantago lanceolata have
been in the pastures since the Neolithic age [75].
As is also indicated by Blaj - Irimia, [71] plants
of Lolio-Trifolietum repentis alliance such as Lolium
perenne, Poa pratensis, Achillea setacea, Cynodon
dactylon, Cirsium arvense, Trifolium repens, Lotus
corniculatus, Taraxacum officinale, and Plantago
lanceolata were also determined to be in the
Yukarisevindikli research area and Lolium perenne
was common in certain sites that are mown and some
abandoned regions. Lolium perenne among common
plants was selected as an example, and their presence
in sites is shown in Figure 3.
Lolium perenne, Carex flacca, and Trifolium
repens are among the plant species in these shaped
pasture sites that are more common in wet soils.
Lolium perenne is a graminae that prefers damp,
fertile and heavy soils [76]. Therewithal, dry matter
2908
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FIGURE 4
Presence of Vulpia ciliata in sites
Environmental Factor: Ca Calcium, EC Electrical conductivity, N Nitrogen K Potassium, OM Organic
matter; pH, P Phosphorus; DMyield Dry Matter yield.

Trifolium spp., etc.) that grow in abandoned fields
with plant communities that vary along
environmental gradients or between vegetation
stands. In addition to this, the rates of organic
substances and nutrients in this pasture area are
higher when compared to the other two sites (grazed
and abandoned). %DúQRXet al. [27] reported that the
floristic composition of the grassland studies can be
influenced by both environmental factors and land
use (such as grazing) and their interaction. Livestock
grazing has a considerable effect on community
structure and floristic composition [81,82,17]. It was
determined that plant species from the graminae
family such as Festuca ovina, Aegilops triuncialis,
Aegilops geniculata, Avena fatua, and Vulpia ciliata;
from the legume family, Ononis spinosa and
Medicago falcata and from other families such as
Potentilla recta, Carduus nutans, Plantago
lanceolata,
Thymus
longicaulis,
Eryngium
campestre, are common in the grazed pasture sites in
the study area.
As for the pasture area that is protected against
grazing with the secondary succession, plant species
consisted of perennial and annual plants. According
to the obtained results, protection against grazing
and dry matter yield is higher in this area than in the
grazed one. With the heavy grazing of the pasture,
annual species with a low feed value become
dominant. Therefore, the amount of dry matter yield
produced in this type of pastures is also low.
It was concluded that annual species are
resistant to grazing are more common in the sites that
are exposed to heavy grazing. Vulpia ciliata, which
is an annual plant that shows a prevalent distribution
in grazed pasture sites, is shown in Figure 4. It is also
seen in the Figure 4 that Vulpia ciliata is among the
graminae found in grazed sites. Annual or perennial
herbaceous plants that can easily spread, easily settle
and quickly develop and grow do especially well in

yield was found to be increased in the pastures where
Lolium perenne was prevalent. Thus, Dengler et al.
[17] reported that water limitation reduces
productivity as it reduces the ability of dominants to
develop sufficient growth, even under nutrient-rich
conditions. At the same time, taller plants were
probably favoured by deeper soils which were more
frequent in the abandoned grasslands [64].
Several studies supported the view that the soil
structure of the pasture is effective in the distribution
of plant species. Another factor that affects the
distribution of these plant species is the use of the
pasture. Specially, the ways of using a pasture, such
as grazing and mowing, will affect the dry matter
yield, botanical composition, and soil structure
positively and negatively. With heavy grazing of the
pasture, annual species with a low feed value become
dominant. At the same time, the amount of dry
matter yield produced in these types of pastures is
also low. This study demonstrates that enriching the
soil structure with plant nutrition elements such as
OM, N, P, and K will increase the differentiation of
the plant species in the pasture. Delicious species
among which perennial species are generally
prevalent are included in the composition. At the
same time, the dry matter yield of the sites also
increases. Gowdowski [77] stated that the prediction
of soil properties, such as soil organic carbon (SOC)
content, soil texture and other variables that
characterize soil quality is important at a regional
scale
because
of
environ-mental
issues.
Additionally, de Bello et al. [78]; Milchunas et al.
[79]; Olff and Ritchie [80] stated that grasslands are
formed by diverse communities dominated by
herbaceous annual or perennial species (Avena spp.,
Bromus spp., Medicago spp.,
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areas that are ploughed and abandoned [83]. In
addition, McIntyre and Lavorel [84] found
significant associations between individual plant
species and various environmental and grazingrelated factors in the Australian rangeland. Annual
plants are prevalent in grazed area since they are
resistant to grazing and have the ability to form many
seeds. According to; Tozer et al. [85] Vulpia (Vulpia
bromoides and V. myuros ) and barley grass,
Hordeum murinum, are common annual grass weeds
of native grasslands and grazed pastures in temperate
climates, for which more effective control strategies
are needed. Annual grass weeds can negatively
impact natural grassland ecosystem function, in
addition to causing an overall productivity loss in
agricultural systems.
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DEVELOPMENT OF A GEOGRAPHICAL DATABASE BASED
ON RIVER BASIN MANAGEMENT IN THE LAND
MANAGEMENT TERMS
Osman Demir, Onur Makul, Yakup Emre Coruhlu*, Okan Yildiz
Karadeniz Technical University, Faculty of Engineering, Department of Geomatics Engineering, 61080, Trabzon, Turkey

worldwide have been encountered critical draught in
the recent years [1]. Quantification of the water
resources for different land cover types bring about
not only a better understanding of the natural ecohydrological process, but also the rational distribution of water resources more effectively, fairly, and
sustainably [2]. Long-term changes in the atmospheric temperatures, rains, and in the other factors
bring about environmental changes in the basins in
terms of snow cover, freezing-melting correlations,
evaporation, etc. Losses in the features of the water
resources in the basins are caused by the climatic
changes and manmade activities [3]. Water supplies'
being the subject of the policies and administrative
borders in general makes water management
difficult. In order to eliminate such difficulties,
multi-dimensional bioregional approaches should be
adopted with regard to water management. Such an
approach has been institutionalized by virtue of the
EU Water Framework Directive (WFD). Water is a
public benefit. However, water is being exploited in
parallel with various types of applications, and these
applications usually fall within utilizations
threatening the public benefit itself. EU Water
Framework Directive is deemed as an institutional
approach adopted not only in view of the waterbased problems, but also towards overcoming the
same problems. Constituting an information-based
system aiming at basin planning and management
for the purpose of securing the good condition of all
European waters until 2015. This Directive
necessitates a planning system based on integrated
multilevel and ecosystem for the management of
European fresh water resources. What is intended by
this system is to coordinate and integrate the water
and land uses within the basin borders. This goal will
be achieved by the participation and coordination of
the local stakeholders within the management
network [4]. Basin management should pursue the
adaptable management approach [5]. In parallel with
the
population
increases
and
economic
developments, imbalances between the supply and
demand of the water resources have reached critical
dimensions in the recent years [2; 6]. While global
warming and ever-increasing practice of human
activities has sharply been decreasing the quantity of
the water resources, inappropriate distribution of the

ABSTRACT
The development of appropriate land-use
decisions in the sustainable management of rural and
urban areas has great importance. This is particularly
the case for central developers (Ministry,
Municipality, Special Administration and so on) in
the development of land use decisions. As a matter
of fact, one of the duties placed in front of our
country Turkey during the EU membership process
is the preparation of the main spatial data infrastructures on the basis of each basin to manage river
basins. In this process, first of all the following
procedures should be done to determine watershedbased land use within administrative borders.
Protected areas, wetlands, forests, rangeland and
plateau areas, agricultural protected areas, water
collection lines, creek deposits, geologically objectionable areas, built-up areas, landslide susceptible
areas should be digitally created in the ITRF system
together with property information and ownership
data. The use of this data will greatly facilitate the
determination of decision-makers, appropriate land
management and practices. It is known that basinbased spatial data infrastructures have not yet been
established in Turkey at this point. It has been found
that environmental planning has been established
without these data and based on these plans, so
incorrect land use decisions have been developed.
With this study, spatial data structures for river
basins, which are obliged to prepare especially in EU
membership process, have been created with the help
of GIS technologies. In this process, proposals have
been developed for resolving the problems faced by
technical, institutional and legal aspects.

KEYWORDS:
River-basin, land management, sustainability, spatial data

INTRODUCTION
People living in the abundant areas of the arid
and desert lands should pay particular attention to
water utilization and land management. Nearly all of
the abundant areas of the arid and desert lands
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respective spatial analyses. GIS is ranked as the most
effective technological tool being respectively in
use. Land models being created in the computer
environment offer the users a multi-dimensional
dynamic query environment about the basin [14].
The need for spatial data being standardized in GIS
applications comes to the fore in Turkey. Spatial
data, will constitute the most critical data infrastructures of the spatial information systems, particularly of those being cadastre-based. All sorts of
spatial planning, spatial and land ownership analyses, as well as all of the potential land managementbased queries and applications may be carried out by
means of real data on these bases. Besides, these data
will constitute the basis for the major information
systems within the scope of the e-state called eTurkey, including TAKBIS, MERNIS, MEGSIS,
MAKS, and for TUCBS to constitute the roof. ETurkey will gather the aforesaid systems thereunder.
In this respect, spatial data constitute the most
critical resource for the purpose of designing a Basin
Management-based information system. All
analyses and queries with regard to basin are carried
out by means of the spatial-based data. Spatial data
comprise the biggest portion of the cost of a GIS
design. Determination of the required spatial data is
therefore critically important. In this respect, one of
the data sources fundamental for the land
management consists of the cadastral plans, under
which the ownership rights on the land in question is
kept by a reliable institution. Within the framework
of trust, composition of the physical and legal
documentation of the land objects supports the
efforts being made for the sustainable development
[15]. Spatial data infrastructures with respect to the
rural and urban areas in Turkey are produced by
various institutions and organizations in varying
spatial accuracies and reference systems aiming at
various objectives. Nowadays, these data are utilized
in the land management and applications, and land
use decisions are developed on this basis.
Maintaining sustainability in the land use decisions
being taken on the basis of these data is to be directly
proportional with the data accuracy. Within the
framework of this study, the situation map of the
Yomra Özdil Basin has been determined with
particular respect to the land use. It has thereby
intended to put forth the determination of the
nonconformities with the 1/100000 scaled Environmental Plan, having been adopted by the Ministry
of Forestry and Environment and become effective
thereupon [16], and with the Supplementary
Revision Application on the Zoning Plan, having
been adopted by either the Municipal Councils, or by
the Governorates and become effective thereupon. It
has further been intended to compose the
fundamental spatial/non-spatial data of the River
Basin Management Plans (RBMPs) via GIS technologies in the desired standards, in accordance with
the EU Water Framework Directive (WFD).

water resources has therefore become a more critical
issue recently [6]. Attention is drawn worldwide to
the excessive increases in the precipitations due to
their large-scale effects [7]. It is a necessity to
establish the collaboration of the disciplines,
including GIS, cadastre, topography, geology, etc. as
the means of analysis for the implementation of the
actions against, and that of the solutions for the
prevention of soil erosion in the strictest sense [8].
The necessity to achieve a more sustainable water
management by way of adopting integrated and
participatory approaches has therefore been
emphasized within the WFD. As being stipulated
under WFD, the member states develop basin
management plans, which is intended for an action
plan defining the basin region, indicating the
pressures in the water environments, and addressing
to define scientific water management problems [9].
Global change, which implies the climatic changes
and human interventions on the river basins, is
influential on the control factors of the fluvial
morphology [10]. Up to now, it was explained water
and its importance, the importance of river basin and
also initiations related to all these concern. But now,
what is the relation between water and land in terms
of land management issues. It is known that good
management based on land can be accomplished
thanks to good information about land. The first step
is cadastre in the name of capturing all needed
information about land. So, from now on some
information related to land and cadastre and also the
other related concern were given.
Cadastre is fundamental for the Land Management and Sustainable Development. Land Management Systems in order to shape the decisions to be
taken with regard to economic, environmental, and
social issues. In this respect, importance of 2014
Cadastre, in particular, may by no means be disregarded within the domain of land management [11].
In the course of the respective chapters during the
EU membership process for Turkey, formation of
spatial information under certain standards has become a necessity. All spatial data, as being fundamental particularly to land management, should be
conformed to the standards stipulated under the
INSPIRE (Infrastructure for Spatial Information in
the European Community) Directive, having become effective as of May 15th, 2007, and constituted
the Spatial Data Infrastructure of the European
Union [12]. For a smooth integration with the EU
Spatial Data Infrastructure, works in relation with
the National Spatial Data Infrastructure (NSDI),
known as "Turkish National Geographical
Information System" (TNGIS, in Turkish TUCBS),
TNGIS should be developed in conformity with the
INSPIRE Directive itself, and with the Codes of
Practice of INSPIRE [13]. Nowadays, it is therefore
necessary to establish the environments necessary
for the collection of data about the basins, storage
thereof in the digital environment, and for enabling
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areas, Yomra Özdil Basin consists of 4 central
headquarters, 8 villages and of the 6 towns and so.
While the population residing in these quarters,
villages, and towns has been found as 21830 according to 2014 data of Turkey Statistical Institute
Address based Population Registration System
(TUIK ADNKS), it amounts to 67% of the total
population of Yomra district [17].
The primary ones of the facilities established
alongside Yomra brook are as follows: Stone crushing and sieving facilities, ready-mixed concrete facilities, blast-quarries, powder-plaster and plasterboard production and packing facility, Coal storage,
sieving, and packing facility, marble-cutting workshops, hazelnut processing and roasting facility,
warehousing sites, sand and gravel pits, PVC krager
plastic pipe sales depot, bottled water manufacturer,
fishery-product farms, open and enclosed sports facilities, construction sites. There are also 2nd Class
Non-Sanitary Enterprises (NSE) affiliated particularly with 2nd (Andesite, Basalt, Natural Stone
Marble, Lime Stone) and 4th Class (Copper, Zinc)
mines.

MATERIALS AND METHODS
As being the region of the study, Ozdil Basin
of Yomra District of Trabzon City is a sub-basin of
the Eastern Black Sea Basin, whole of which is located within the borders of Yomra District located
15 km east of Trabzon City. The area of the basin
consists of Yomra brook originating from Seslikaya
Hill at 2117 elevation, neighboring Macka District
of Trabzon City, and flowing into Black Sea at 0
elevation in the north, and of the river branches surrounding it. As being the main branch of the basin,
Yomra brook shows flowability in between the
origin and downstream thereof, located within the
JHRJUDSKLFDO FRRUGLQDWHV RI ¶´ QRUWKHUQ
ODWLWXGHDQG¶´HDVWHUQORQJLWXGH RULJLQ 
± ¶´ QRUWKHUQODWLWXGH DQG¶´
eastern longitude (downstream). Major branches
feeding Yomra brook include Alasli, Alon, Sofular,
Hamo, Cazilar, Kazantas, Harmancik, Demircili
brooks. The residential areas thereat are shown in
Figure 1 and 2. Examining it in terms of residential

FIGURE 1
The Study area

FIGURE 2
TIN model of study area

TABLE 1
Facilities being established alongside Yomra brook, but not conforming with the zoning plan
Facility No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Zoning Status
Playground
Residential Available + Playground
Residential Available
Residential Available
Playground
NRUWA + Playground
Sports + Playground
Sports + Playground
Playground
Playground
NRUWA + Playground
NRUWA
Residential Development
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TABLE 2
Facilities having been established after the effective date of the zoning plan, and their zoning statuses
Facility No.
5
7
8
9
10
11
14
15
16

Zoning Status
Playground
Sports + Playground
Sports + Playground
Playground
Playground
NRUWA + Playground
Industrial Warehousing
Industrial
Industrial

facilities in the region in question are numbered in
the Table 1 and 2 without given their names with
facilities seen in Figure 3.

Having the basis revealing the up-to-date land
use status constituted out of the data attained, certain
erroneous land uses have been detected out of the
comparison with the status in the current zoning
plan. It has therefore been found respectively appropriate, in particular, to examine the 2.7 km-long
part of the downstream section of Yomra Brook for
the purpose of comparing the data of the Supplementary Revision Application on the Zoning Plan
composed in 2006, and comprising a part of Yomra
central quarters, with the current utilization status of
the streambed and the coastal area. The reason to
choose the study area depends on the presence of the
Supplementary Revision Application on the Zoning
Plan appertaining to Yomra district, and that of the
major facilities having been established alongside
Yomra brook, and part of which are subject to the
audit of Trabzon Provincial Directorate of
Environment. Supplementary Revision Application
on the Zoning Plan, display of the facilities having
been established alongside and on the sides of
Yomra streambed in integration with the zoning
plan, place of the Supplementary Revision Application on the Zoning Plan within the 1/100000scaled Environmental Plan. While the study area was
seen in the plans approved by the Mapping
Department of the Bank of Provinces in 1984 as
being comprised of a park, regions of preferential
use, inhabited residential areas, commercial areas,
small-scaled industrial areas, vocational and technical education facilities, a power distribution unit,
developing residential areas, areas of agricultural
land use types under protection, medical facilities,
primary education facilities, and sports facilities. Its
appearance within the Supplementary Revision Application on the Zoning Plan have been since 2006
as being comprised of fair, park, and play grounds,
inhabited residential areas, area of excursion tourism
facilities, commercial areas, fuel-oil station, bus
terminal, technical (power distribution unit), open
bazaar area, industrial storage area, fuel-oil storage
facility area, hazelnut crushing and storage facility,
non-residential urban working area, open and
enclosed sports facilities area, primary education
facilities area, industrial facilities area, manufacturing industry, ready-mixed concrete and
crusher facility is given with currently established

FIGURE 3
Supplementary Revision Application on the
Zoning Plan and the existing facilities
Intervening in, enforcing limits to the social
and economical life, even to to the human rights and
freedoms may become a necessity in order to
preserve the nature, historical and cultural values,
and to maintain living in a healthy environment.
Enacting laws, making land plannings alone may fall
short in order to achieve this aim. Doing what is
intended with these laws and planning is possible by
way of implementing enduring and fair applications, and by virtue of the persistent and resolute
efforts of both central and local administrations with
the sense of preserving the environment as well [18].
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These all efforfs enable to be protected the riverbasin together with its drinkable water sources and
in the future thanks to these studies it could have
been blocked these water supplies [19]. A lot of
studies have been carried out in water areas its
affacted region. As stated above water is so
important for all of creatures in the universe that
humanbeings should protect and convey this wonderfull thing to the future generation [20, 21, 22]. In
the beginning, presentation of geographical data was
done through classical databases. Over time, this
system has left its place to web-based data sharing.
Today, cloud computing technologies pro-vide
faster and more secure data sharing online. Because
the internet continues to grow more rapid-ly every
day. It is expected that the geographical information
system databases to be established in our country
will also be internet based and meet international
expectations. The Land Administra-tion Domain
Model (LADM) has emerged as an international land
management standard. It was la-ter expanded and
internationalized. Today, LADM is adopted as an
ISO standard. LADM should be addressed with the
INSPIRE directives in the EU membership process,
which includes the verbal data and spatial data in egovernment applications [23, 24].
Thus, an internationally acceptable e-government system can be realized for Turkey. Today, this
system is established and operated as e-Turkiye. At
this point, there is a national geographic information system defined under e-Turkey. The name of
this system is Turkish National Geographical Information System (TNGIS, in Turkish TUCBS). A web
portal development work named ATLAS is being
carried out for TUCBS. TUCBS was first introduced
as an object-based data model. Work carried out on
TUCBS under the land registry and cadastral data is
carried out very successfully by the General
Directorate of Land Registry and Cadastre. Later,
any geographical data model that can be de-veloped
specifically for the real estates in our country can be
integrated into this system [25, 26].
In this respect, it has been intended to undergo
the current land use status of the region of study a
conformity analysis in accordance with the Supplementary Revision Application on the Zoning Plan in
effect. The part, consisting of the facilities exist-ing
as of 2015, which are located within the borders of
the Supplementary Revision Application on the
Zoning Plan, having been built alongside Yomra
Brook, as being the main branch of the basin, and
carrying on their productions, is trans-posed on the
Google-earth satellite image dating to 2008, and
given on Figure 6 herein, upon being numbered. As
being seen from the figure, some of the facilities are
found as having been established at the left and right
sides of the basin as of 2008 seen in Figure 4 with
red lines.

Fresenius Environmental Bulletin

FIGURE 4
Intensity of the facilities alongside the stream
on the satellite image

Conduct of Land Ownership Analyses on
the Region of Study. Land Ownership analysis
forms a major part of the information systems constituting the basis of the basin management. That is
why spatial land ownership analyses should be
carried out basin-wide.
Land ownership, composition by shares, plot
geometries and sizes, plot types, rights and limitations on the imposed on the agricultural land use
types thereof should be analyzed on basin basis,
these analyses should then constitute the basis of the
rural and urban adjustments suitable for the plot
management applications, and goals should be set
accordingly. Among the respectively attained data,
those being the most sensitive ones, namely the
cadastral bases and land deed details, having been
finalized as of 24.09.2009, have been utilized in
order to reveal the land ownership composition of
the region of study. Demirciler Village was preferred in this respect for being the largest (21.14
km²) residential area of Yomra Ozdil Basin in terms
of surface area, and for hosting the origin of Yomra
brook. Distribution of the land ownership qualities,
land uses, and determination of the land ownerships
appertaining to Demirciler Village, and quantification of the surface areas thereof has been prepared,
and given in the Figures 5 and 6.
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FIGURE 6
Distribution of land ownership in Demirciler
village

FIGURE 5
Qualitative distribution of land use types in
Demirciler village

FIGURE 7
Qualitatively superimposed status of EPCadastre of Demirciler village

FIGURE 8
Residential area and administrative border errors
on EP of Yomra Ozdil Basin
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the occupation of industrial facilities. The only work
having been carried out as a recreational area in the
said region was the construction of children's
playground, green field, and leisure area in the
second half of 2014, after the closing down of the
construction site appertaining to the road
construction between Yomra-Ozdil. As being given
in Figure 4, as of 2015, in view of the comparison
between the curently existing facilities alongside the
beds and sides of Yomra brook and the
Supplementary Revision Application on the Zoning
Plan, the names of the facilities having been found
as non-conforming, and the utilization sta-tuses
thereof in the Supplementary Revision Appli-cation
on the Zoning Plan are given in Table 1.
As a result of the superposition of the satellite
image dating to 2008 onto the facilities existing as of
2015 for the purpose of putting the facilities having
been established after Supplementary Revi-sion
Application. The facilities having been estab-lished
after the zoning plan currently in effect and the
zoning statuses thereof are given in Table 2.
Apart from these facilities, many of the facilities operating in the region are in conformity with
the current zoning plan despite they contradict with
the intended use of the stream beds. With regard to
the content of the areas which may be brought to use
within the scope of Non-Residential Urban Work
Area (NRUWA) in the Supplementary Revi-sion
Application on the Zoning Plan, it was noted in the
plan that, "Fuel-oil sales and maintenance stations
situated together with motels and restau-rants,
governmental and social facilities, manufac-turing
plants not emitting smoke- and scent-free wastes and
residues and not being hazardous in terms of
environmental health, and depots not ware-housing
explosive and combustible substances may be
established in this region". Thus, there are also
facilities in the chosen region not conforming with
this zoning plan note.
As being given in figures about Demirciler,
upon comparing the EP sheet showing the land use
statuses appertaining to Demirciler village with the
land use types maps, having been composed of the
cadastral bases, large-scaled qualitative and spatial
errors have been detected and these are shown as
follows on Table 3.

Qualitative, Spatial, and Point Error Analyses regarding the Environmental Plan. Having
the conformity analysis carried out upon maintaining the integration of the layers composed of the
bases of the basin planning consisted of spatial/nonspatial data with 1/100000-scaled EP, large-scaled
qualitative, spatial, and linear errors have been
found.
1/100000-scaled EP plot, having been
approved by the Ministry of Environment and Forestry on 24.06.2011, and thereby become effective
with the plan target year as being 2026, and the
cadastral basis, having been procured from the
private sector by Yomra Directorate of Cadastre
with the finalization date of 24.09.2009 have been
examined qualitatively and spatially in terms of
utilization status. Demirciler Village was chosen as
the region of examination. Having the land use
regions of different qualities located within the
borders of Demirciler village extracted on EP plot,
and having the feature data thereof integrated, land
use types map of EP plot has thereby been composed. Upon comparison of the composed and
integrated land use types maps, respective differences have been put forth together with the data
indicating the land use attributes and surface area
quantifications (Figure 6). Maintaining further
integration of the administrative border layer to EP
plot, certain errors regarding the locations of the
administrative borders and village residential centers could have been found out. All of them are found
in the Figure 7 and 8 above.

FINDINGS
In comparison with the zoning plan of 1984, it
has been detected in the Supplementary Revision
Application on the Zoning Plan of 2006 that,
alongside Yomra brook, it was preferred not to
increase the number of recreational areas, and such
other areas of facilities for public benefit, but largely
to constitute industrial areas throughout the region in
question. In addition to this, even in view of the parts
being seen as recreational areas, the current zoning
plan reveals how the said region has been exposed to

TABLE 3
Comparison between EP and qualitative cadastral map of Demirciler village
Demirciler Village
Land use types
Forest
Pasture Meadow
Hazelnut Garden
Arable Land
Plateau
Grassland
Structure

EP
Surface Area (Ha)
1307.08
235.48
196.48
375.42
²
²
²

Cadastre
Surface Area (Ha)
1017.20
433.69
199.10
42.78
382.28
0.38
1.48
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department borders, major and minor section
borders, forest-free site borders, road and river
routes, peak and triangulation points, in terms of
spatial data. In addition to the use of the 1/25000scaled draft maps drawn out of aerial photos dated
2002, upon comparing the details in the stand map,
having been drawn out of the combined assessment
of spatial studies, aerial photos, and observatory information, with the data at hand, differences extending up to 20 meters have been detected.
The basin is in a general condition of having
been abandoned to mining sites. The lands appertaining to these sites are in general of forest land use
type, and belong to the Treasury of Finance. It is a
matter of dispute to consider how convenient would
it be to waste the green fields in view of the vital
importance they possess for the human life for the
sake of obtaining filling materials for road buil-ding
or such other engineering projects, and to consider
how much of these green fields may be re-stored
thereafter. Besides, the scenery visible while passing
through or nearby these regions proves how grave
the environmental pollution (noise, dust, stream
contamination, the negative effects of the heavyduty trucks being operated thereat) having been
committed is.

The followings may be considered as the main
factors having caused the aforementioned differences appertaining the EP sheet on Table 3:
x The areas, having been measured as per
their situation on the land, and registered accordingly with the land use types of "hazelnut garden and
meadow" in the cadastre sheet and land registry,
have been shown in EP as with the land use types of
"forest";
x The areas, having been measured as per
their situation on the land, and registered accordingly with the land use types of "forest and plateau"
in the cadastre sheet and land registry, have been
shown in EP as with the land use types of "arable
lands";
x The areas, having been measured as per
their situation on the land, and registered accordingly with the land use types of "pasture and plateau" in the cadastre sheet and land registry, have
been shown in EP as with the land use types of
"arable lands";
x The areas, having been measured as per
their situation on the land, and registered accordingly with the land use types of "pasture and forest"
in the cadastre sheet and land registry, have been
shown in EP as with the land use types of "arable
lands".
Having detected the linear and point errors
appertaining EP sheet, some of these errors may be
considered as follows:
x Spatial difference of Yomra-Arsin district
border extending to a maximum of 2600 m;
x Showing the residential center of Gulyurdu
village outside the borders of the village;
x Showing the residential center of Kayabasi
village outside the borders of the village;
x showing the residential centers of Yokuslu,
Komurcu Kayabasi village outside the borders of
Yomra.
The data with the highest priority in view of
basin planning and management are no doubt the
cadastral bases. While either quarter- or village-based cadastral studies are carried out in the basin, a
part of them were carried out legally and scientifically by Trabzon and Yomra Cadastral Directorates
with finalization dates thereof dating in between
1989-2005. The remaining ones were procured from
the private sectors with cadastral finalization dates
thereof dating in between 2006-2009. Upon
maintaining the integration of cadastral bases,
having been registered in two different coordinate
systems (ED50: European Datum 1950) - ITRF96
(International Terrestial Reference Frame), in the
same coordinate system, spatial differences varying
in between 20-27 cm have been detected at their
intersection points from the downstream up to the
origin.
The data, having been obtained for the purpose
of putting forth the forest presence in the basin, were
consisted of details, including operati-onal

CONCLUSION
The basin could have been undergone numerous analyses in this study thanks to the model
having been composed upon obtaining the spatial
and verbal data being fundamental to Basin Management. The Land ownership analysis, having been
carried out regarding Demirciler village located at
the origin of the basin, has played a critical role in
the detection of the errors in EP sheets consisting of
the approach plans appertaining to the region. While
these errors were not limited to Demirciler village,
the other villages thereat were also found to be
largely erroneous respectively. EP sheet, con-sisted
of the decisions regarding the environmental plans,
has been found to be containing many quali-tative,
spatial, linear, and point errors. It has further been
found out that, the uses of the stream beds at the
downstream of Yomra brook are not confor-ming
with the 1/1000-scaled Supplementary Revi-sion
Application on Zoning Plan, having been app-roved,
and become effective thereupon. Although the
stream beds should have been put under abso-lute
preservation to a certain extent upon determi-nation
of the coastal lines thereof, on the contrary, even the
parts having been planned as recreational sites
within the zoning plan have been exposed to the
industrial sites to a large extent. Yomra Ozdil Basin,
particularly the stream sides have been generally
exposed to industrial and mining sites. General
choice of forest lands for the mining pits may very
well exemplify the land use thereat.
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ration of the basin integrity. On the other hand,
planning in terms of basin borders will then give rise
to conflict of authorities between the administ-rative
units. That is why administrative borders should be
overlapped with basin borders in order to maintain
basin integrity.
Stream beds should by no means be zoned for
construction, excluding that of touristic and recreational sites. Stream beds and sides of Yomra Ozdil
Basin have been exposed to industrial facilities.
Water resources of the basin should be classified
within the sites of absolute preservation. Habitats
both inside the streams and alongside the coasts
thereof, as well as the ecological lifecycles of the
streams deteriorate consequently. No activity both
inside, and at the sides of the streams to deteriorate
the flow regime should be allowed.
Data appertaining to basin planning and management should be taken into consideration when
deciding on which land use types such areas should
be restored. Basin borders should be inserted in the
Environmental Plans. Micro basin-based basin system maps should be drawn up as soon as possible in
the standards constituting the bases of EU Administration of River Basins.
It has consequently perceived that, the bases
essential for the River Basin Administration of Turkey have not been constituted in compliance with
Water Framework Directive (WFD) of the European Union (EU). Respective studies should be
carried out as soon as possible with factual basinbased data, and in a way allowing 3D spatial queries, and the basin administration information system. This system should also be established as soon
as possible. It is further needed that, these spatial
bases should be established in harmony with
INSPIRE. The TNGIS should be reorganized and
handled in cooperation with the demand acquired
from this study. In addition to these, ISO standards
for LADM and INSPIRE directives should be taken
into account in all land management projects such as
ATLAS and TNGIS

DISCUSSION AND SUGGESTION
At the current moment of today's technology,
classic methods in the environmental plans should be
substituted with the information systems. Within the
scope of basin planning and management, a data
infrastructure of geographical information system
has been established for Yomra Ozdil Basin. All
respective up-to-date data from both public and private sectors have been compiled, transformed into a
format suitable for GIS, and integrated therewith.
Meanwhile, this study has proved how critical is
maintain coordination between the institutions and
organizations. That is so, because a comparison has
been made between the spatial data being managed
by the public and private sectors for their own needs,
and certain critical problems have thereby been
detected as being revealed in the findings section
hereof. Having a coordination maintained among
different sectors, not only the sources of numerous
errors may be minimized, but also an accurate and
reliable design may be developed for a quite accurate
sense of planning and management. Further errors
have hereby been detected with regard to the spatial
data falling within the sole responsibilities of the
institutions. Development of an accurate planning
and management may only be possible by way of
concurrent compilation of accurate and reliable
databases.
The gravest obstacle and problem being
encountered in the course of developing the GIS
arises from the big differences being detected upon
unifying the bases developed by different institutions in different scales and accuricies intended for
their own needs on the same coordinate systems.
These differences arise not only in different scales,
but also by means of different methods (classical
measurements, GPS measurements, satellite images) on bases. Storage of all basin data within a
single system will bring great convenience in the
basin management.
Many institutions and organizations in our
country have been carrying out certain studies towards natural resources within the scope of their
responsibilities such as agricultural irrigation,
energy generation, drinking, utilization, meeting of
water needs, preservation and restoration of the
resources with bio-diversity, rural development. In
order to improve the basin management, a general
consensus should be reached on the priority of
developing coordination. Studies should be carried
out for strengthening the respective institutional and
regulation arrangements, integrated projects, and
implementations thereof for the fulfillment of this
purpose.
Basin borders generally do not overlap with the
administrative borders. One basin may reside within
the zones of responsibility of more than one
administrative unit. Developing plans in terms of
administrative borders will bring about the deterio-
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due to their low specific density, motility,
morphological characteristics and negative surface
charge [9]. In addition, using these chemicals may
have several environmental consequences:(i) an
increase in metal concentration in water which may
have human health implycations; (ii) production of
large volumes of toxic sludge [10]. For these
reasons, it is necessary to look for a new algaecide
agent which is effective and eco-safe.
Alginates are copolymers of b-D-mannuronic
acid (M) and its C-5 epimer a-L-guluronic acid (G),
both linked together by 1-4 linkages. They are
currently extracted from brown seaweeds which are
harvested throughout the year [11]. Commonly,
alginates were used as immobilized carrier.
Graphite oxide (GO) is a layered material
consisting of hydrophilic oxygenated graphene
sheets (graphene oxide sheets) bearing oxygen
functional groups on their basal planes and edges
[12]. Graphite oxide is also readily disperses in water
to form stable colloidal suspensions [13]. Therefore,
graphite oxide can serve as a suitable adsorbent or
flocculant in water treatment. For example, graphene
oxide could be employed for removal of two
commonly occurring algal toxins, microcystin-LR
(MC-LR) and microcystin-RR (MC -RR), from
water [14]. Yang et al. [15] reported that the
flocculation performances of graphene oxide as a
novel flocculant to remove humic acid (HA) and
cationic light yellow 7GL dye (7GL). However, its
potential application for removal of algal cells from
water remains was unknown.
Allelopathic compounds are considered to be
less polluting than traditional herbicides because
they are degraded rapidly [16]. For example, gallic
acid (GA), which has been shown to exist in some
plants [17-19], is one kind of strong anti-algal
allelochemicals. It could be used to inhibit the
growth of Microcystis aeruginosa.
The aim of the present study was to prepare the
sodium alginate/ graphene oxide /gallic acid
complex gel beads, and examine the algae removal
performance, against M. aeruginosa.

ABSTRACT
Sodium alginate / graphene oxide/ gallic acid
(SA/GO/GA) complex gel beads were prepared and
were characterized. Removal efficiency of algae
onto SA/GO/GA complex gel beads were
investigated with different GO and GA content. The
results showed that the removal efficiency of algae
from aqueous solutions using SA gel beads were
very low, but introduction of GO and GA of complex
gel beads could sharply increase the removal
efficiency of algae onto by 3 times. The amounts of
SA/ GO/GA complex gel beads have significant
effect on removal of algae. In addition, for the
density algae in the range of 2.17-17.36 cells/mL,
there was a linear relation between the removal
efficiency of algae and the density algae. This
stoichiometric linear relation has directed
significance to engineering application in eutrophic waters.
KEYWORDS:
sodium alginate; graphene oxide; gallic acid; gel bead;
Microcystis aeruginosa

INTRODUCTION
Algae are widespreadly occur in ocean, lakes
and reservoirs throughout the world [1-3]. The
occurrence of toxic cyanobacteria in the aquatic
environment constitutes a serious risk for the ecological balance and the functioning of ecosystems [4].
Especially during a cyanobacteria bloom, harmful
substances such as cyanotoxins are released into
aquatic systems [5]. This leads to accumulation of
cyanotoxins in aquatic animals, and eventually, pose
high risk to human health [6]. There have been many
studies to document animal deaths or animalpoisoning episodes associated with the occurrence of
toxic cyanobacterial blooms [7,8]. Therefore, the
control and removal of harmful cyanobacterial
blooms is an urgent issue worldwide.
Algal cells removal by conventional coagulation is more difficult than inorganic pollutants,
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flocculation and control were determined after
exposure for 12 h. The computational formula is as
follows.

MATERIALS AND METHODS
Algae culture. M. aeruginosa which was a
common species in eutrophic surface water was
selected for this study. It was obtained from the
Culture Collection of Algae at the Institute of
Hydrobiology, Chinese Academy of Sciences. M.
aeruginosa was cultured in sterilized BG11 medium
(pH 7.4) at 25 oC and light intensity of 2500 lux,
12:12 h light : dark cycle. The growth medium of all
cultures was BG11 [20].

r

T2  T1
u100%
T2

(1)

where, T1 and T2 were the chlorophyll-a
concentration of after flocculation and control,
respectively.

RESULTS AND DISCUSSION
Reagents and gel bead. The stock solution of
GA (2.0 mg/L) was prepared with dimethyl
sulfoxide (DMSO, AR) which in test solution was
lower than 0.2% (v/v). The test results indicated that
the concentrations of DMSO added had no effect on
the growth of the tested organisms. Sodium alginate
(SA) was dissolved in deionized water above 100 ƕC
in a water bath to produce a viscous solution with the
concentration of 2wt % SA after mechanical
agitation. The two solutions were mixed by
ultrasonicator. Then different amount of GOs were
added into SA solution (50.0 mL) under constant
stirring for 30 min at room temperature and then
ultrasonic 15 min to achieve homogeneous
dispersion.
The homogeneous solution was injected
through a dropper into a coagulation bath containing
a 10 wt % aqueous solution of CaCl2, and coagulated
1h, then the filtered gel beads were washed three
times with deionized water. In the end, let the gel
beads sit in deionized water for 2h and then dried for
4h in oven at 40 ƕC.
The coagulation experiments were performed
on algal suspensions at room temperature (about 25
°C). Gel beads were added to a 50 mL algae
suspension in a 100 mL beaker, then standing of 12
h. In control groups, the gel beads were not added.
At the end of the settling period, a sample was
collected 2 cm below the surface for analysis.

the removal efficiency of algae㸦%㸧

Effect of the addition dosage of GO. Fig. 1
presents the effect of GO on removal efficiency of
algae. The algae removal efficiency increased upto a
GO dose of 0.4 g. At this dose, the algae removal
was 89.45%. Further increase in GO dose reduced
the algae removal. The main reason for the decrease
was overdosing effect of the GO. Therefore, the
optimum dosage of GO was 0.4 g.

80
70
60
50
40
30
0.0

0.1

0.2

0.3

0.4

0.5

0.6

addition dosage㸦g㸧

FIGURE 1
Effect on algae removal by addition dosage
of GO
Effect of the addition dosage of GA. The
effect of addition dosage of GA on the removal
efficiency of algae was investigated in the range of
0.6-1.6 mL (Fig. 2). It showed that as the doses of
GA increased from 0.6 to 1.2 mL, there was an
increase in the removal efficiency of algae.
However, there was also a distinct decrease in the
removal efficiency of algae at addition dosage of GA
more than 1.2 mL. Therefore, there was an optimum
addition dosage of GA to maximize the performance
of gallic acid.

Analysis methods. M. aeruginosa cells were
harvested by centrifugation (at 12 000 rpm) and then
suspended in 0.5% NaCl solution in order to keep the
cells alive. The initial cell concentration for all
flocculation experiments here was set to optical
density of 0.100 at the wave length of 680 nm (OD680
nm) [21]. Concentration of chlorophyll-a, calibrated
against direct microscope cell counts [21], was used
to monitor the concentration change of M.
aeruginosa cells during the flocculation experiment.
Samples of M. aeruginosa cells filtrated onto 0.45
mm glass fiber filters were completely dissolved
using 5 mL 90% acetone solution and then measured
for optical density at the wave length of 665 nm (A665
nm). The chloro-phyll-a concentration was calculated
by Chl-a (mg/L)=13.4×A665 nm.
The clearance of algae (r, %) of every sample
based on the chlorophyll-a concentration of after

Effect of the addition dosage of complex gel
bead. The addition dosage of SA/ GO / GA complex
gel beads are the important parameters, which can
effect the removal efficiency of algae. Hence, the
flocculation performance of complex gel beads were
systematically studied at different addition dosages
(Fig. 3). From Fig. 3, it can be seen that the optimal
dosage of complex gel beads was found to be 5g. At
this dose, the removal rate reached 90.9%; the
supernatant was almost clear. Higher doses of
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completely in 12 hours. Compared to Fig. 6 A and B,
the flocculation performance of SA complex gel
beads was a lot worse. The removal rate was only
28.65% (Fig. 5).

100

the removal efficiency of algae (%)

the removal efficiency of algae㸦%㸧

complex gel bead were not beneficial; at a dose of 7
g the chlorophyll-a concentration of the algae
samples was increased.
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FIGURE 2
Effect on algae removal by addition dosage
of GA

FIGURE 4
Effect on different density algae removal by SA/
GO /GA complex gel bead
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FIGURE 3
Effect on algae removal by addition dosage of
SA/ GO /GA complex gel bead
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FIGURE 5
Effect on algae removal by complex gel bead was
composed of different composition

Effect of the different density algae. Fig. 4
showed the removal efficiency of algae against
different density algae. It can be concluded from Fig.
4 that the removal efficiency of algae decreased
gradually when the density algae were from 2.17 h
106 to 17.36 h106 cells/mL.
Data analysis in Fig. 4 further shows that, for
the density algae in the range of 2.17-17.36h106
cells/mL, the removal efficiency of algae decreased
linearly with the density algae (R2=0.94698). This
stoichiometric linear relation has directed
significance to engineering application in
eutrophic waters.

FIGURE 6
Flocculation of M. aeruginosa using SA(A) and
SA/GO/GA(B), in progress

Effect of the different composition. There is
obvious difference in algae removal with three
complex gel beads (SA, SA/GO and SA/GO/GA)
(Fig. 5). About 88.82% removal of algae is achieved
at this optimum condition of SA/GO/GA complex
gel beads, the supernatant was clear (Fig. 6B). The
flocs obtained were very coarse and settled almost

The complex gel beads were employed in the
current work for removal of one commonly
occurring algal, M. aeruginosa, from water. Our
results demonstrated that the removal ability can be
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greatly affected by various factors. As an example,
there has been a marked increase in the removal
efficiency of algae when the doses of GA increased
from 0.6 to 1.2 mL. Nakai et al. [19] found that the
concentrations at which GA inhibited normal growth
of M. aeruginosa by 50% were determined, i.e., the
EC50 concentration of GA was 1.0mg/L. Thus, GA
demonstrated strong growth inhibition of M.
aeruginosa. Inhibition of phytoplankton by
allelochemicals released by submerged macrophytes
is supposed to be one of the mechanisms that
contribute to the stabilisation of clear-water states in
shallow lakes [22].
GO consists of intact graphitic regions
interspersed with sp3-hybridized carbons containing
hydroxyl and epoxide functional groups on the top
and bottom surfaces of each sheet and sp2-hybridized
carbons containing carboxyl and carbonyl groups
mostly at the sheet edges [23]. The effectiveness of
GO has been demonstrated for the removal of
microcystin-LR, microcystin-RR and arsenate from
water [14, 24]. GO is an excellent adsorbent for
effective removal of these MCs and arsenate. Our
results also showed that GO is one of
the most critical influences on algae removal efficiencies.
In addition, the density algae can also affect the
effect of removing algae of SA/ GO /GA complex
gel beads. The removal efficiencies of algae is
linearly proportional to the density algae in the range
of 2.17-17.36h106 cells/mL ( correlation coefficient
0.94698).
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WHPSHUDWXUHIRUK7KHH[WUDFWVZHUHNHSWDW&
IRUGD\VDQGWKH\ZHUHILOWHUHGWKURXJKP
PHPEUDQH ILOWHU 7KH VROYHQW ZDV HYDSRUDWHG 7KH
FUXGHH[WUDFWVZHUHVWRUHGDW&XQWLOXVHG
0LFURRUJDQLVPV WHVWHG DQG FXOWXUH
PHGLD6WUDLQV RI EDFWHULD DQG IXQJL ZHUH REWDLQHG

.(<:25'6
3URSRO൴V DQW൴P൴FURE൴DO DFW൴Y൴W\ JDV FKURPDWRJUDSK\
FRXSOHGWRPDVVVSHFWURPHWU\

,1752'8&7,21
3URSRO൴VDIRONPHG൴F൴QHHPSOR\HG൴QWUHDW൴QJ
YDU൴RXV ൴QI൴UP൴W\ ൴V D FRPSOH[ UHV൴QRXV
VW൴FN\  QDWXUDO VXEVWDQFH FROOHFWHG E\ KRQH\EHHV
$SLVPHOOLIHUD/ IURPWKHEXGDQGEDUNRIFHUWD൴Q
WUHHVDQGYDU൴RXVSODQWV7KHFRPSRXQGRISURSRO൴V
YDU൴HVDFFRUG൴QJWRWKHSODQWVWKDWFDQEHIRXQG൴QD
VSHF൴I൴FDUHD>@
3URSROLV EHH JOXH  FRPSRVLWLRQ LV H[WUHPHO\
FRPSOH[,WLVPDLQO\FRPSRVHGRIUHVLQ  ZD[
  HVVHQWLDO RLOV   SROOHQ   DQG RWKHU
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GLOXWLRQPHWKRGGHVFULEHGE\>@ZDVXVHGIRUWKH
DQWLEDFWHULDO VFUHHQLQJ ZLWK VOLJKW PRGLILFDWLRQV
,QVWHDG RI  ZHOO PLFURWLWUH SODWHV  ZHOO WLVVXH
FXOWXUH &RUQLQJ  SODWHV ZHUH XVHG 7KH FUXGH
H[WUDFWV ZHUH GLVVROYHG LQ  HWKDQRO
SK\VLRORJLFDO 7ULV EXIIHU $PUHVFR * 
PL[WXUH  DQGPL[HGZLWKDQHTXDODPRXQWRI
DJDUVROXWLRQ6DERXUDXG'H[WURVH$JDU 2[RLG IRU
IXQJXV DQG 0XHOOHU +LQWRQ $JDU 0HUFN  IRU
EDFWHULDDW&(DFKRIWKHFUXGHH[WUDFWVDPSOHV
ZDVWHVWHGLQFRQFHQWUDWLRQVRIDQG
PJPO )URP WKH WHVW VROXWLRQV  O ZDV
WUDQVIHUUHGLQWRHDFKZHOORIWKHWLVVXHFXOWXUHSODWH
$IWHU VROXELOL]DWLRQ HDFK ZHOO ZDV LQRFXODWHG ZLWK
ORIIUHVKO\SUHSDUHGEDFWHULDOVXVSHQVLRQRI
EDFWHULDIXQJXVPODQGLQFXEDWHGDW&IRU
K7KHEDFWHULDODQGIXQJDOJURZWKZDVDVVHVVHGE\
DVWHUHRPLFURVFRSHDIWHUWKH൴QFXEDW൴RQSHU൴RG$OO
WHVWVZHUHPDGH൴QWU൴SO൴FDWH

IURP $7&& $PHULFDQ 7\SH &XOWXUH &ROOHFWLRQ 
$QWLPLFURELDO  DFWLYLWLHV RI WKH  FUXGH H[WUDFWV RI
SURSROLV  ZHUH  DVVD\HG DJDLQVW %DFLOOXV FHUHXV
$7&&
&ORVWULGLXP
SHUIULQJHQV
$7&&
/LVWHULD
PRQRF\WRJHQHV
$7&&
6WDSK\ORFRFFXV
DXUHXV
$7&& (VFKHULFKLD FROL $7&&
.OHEVLHOODSQHXPRQLDH $7&& 3VHXGR
PRQDV DHUXJLQRVD  $7&& 6DOPRQHOOD
W\SKLPXULXP $7&& 6KLJHOOD VRQQHL
$7&&
<HUVLQLD
HQWHURFROLWLFD
$7&& &DQGLGD DOELFDQV $7&&
6DFFKDURP\FHV FHUHYLVLDH $7&& $VSHU
JLOOXV QLJHU $7&& 7KH VSHFLHV RI EDFWHULD
ZHUH JURZQ LQ 0XHOOHU +LQWRQ $JDU 0HUFN  DQG
0XHOOHU +LQWRQ %URWK 0HUFN   & DOELFDQV 6
FHUHYLVLDH DQG $ QLJHU ZHUH JURZQ LQ 6DERXUDXG
'H[WURVH %URWK 'LIFR  DQG 6DERXUDXG 'H[WURVH
$JDU 2[RLG  7KH FRQFHQWUDWLRQ RI EDFWHULDO
VXVSHQVLRQVZDVDGMXVWHGWRFHOOVPO DQGIXQJDO
VXVSHQVLRQWRFHOOVPO

*DV &KURPDWRJUDSK\0DVV 6SHFWURPHWU\
*&06  3URSRO൴V JUDWHG DIWHU FRRO൴QJ ZDV
H[WUDFWHGIRUK Z൴WKHWKDQRO  ZY DW
URRP WHPSHUDWXUH 7KH H[WUDFW ZDV HYDSRUDWHG WR
GU\QHVV$ERXWPJRIWKHUHV൴GXHZDVP൴[HGZ൴WK
PO
RI
GU\
S\U൴G൴QH
DQG

PO
E൴V WU൴PHWK\OV൴O\O WU൴IOXRUDFHWDP൴GHKHDWHGDW&
IRU  P൴Q DQG DQDO\]HG E\ *&06 7KH *&06
DQDO\V൴V ZDV SHUIRUPHG Z൴WK D 6K൴PDG]X *DV
&KURPDWRJUDSK3OXVO൴QNHGWR6K൴PDG]X
PDVV VSHFWURPHWHU V\VWHP HTX൴SSHG Z൴WK D P
ORQJ PP ൴G  PP I൴OP WK൴FNQHVV +306
FDS൴OODU\FROXPQ7KHWHPSHUDWXUHZDVSURJUDPPHG
IURPWR&DWDUDWHRI&P൴Q+HO൴XP
ZDVXVHGDVDFDUU൴HUJDVIORZUDWHPOP൴Q6SO൴W
UDW൴R  ൴QMHFWRU WHPSHUDWXUH  & ൴RQ൴]DW൴RQ
YROWDJHH97KH൴GHQW൴I൴FDW൴RQZDVDFFRPSO൴VKHG
XV൴QJ FRPSXWHU VHDUFKHV RQ D 1,67 06 GDWD
O൴EUDU\,QVRPH FDVHV ZKHQ ൴GHQW൴FDOVSHFWUD KDYH
QRW EHHQ IRXQG RQO\ WKH VWUXFWXUDO W\SH RI WKH
FRUUHVSRQG൴QJFRPSRQHQWZDVSURSRVHGRQWKHEDV൴V
RI ൴WV PDVVVSHFWUDO IUDJPHQWDW൴RQ ,I DYD൴ODEOH
UHIHUHQFH FRPSRXQGV ZHUH FRFKURPDWRJUDSKHG WR
FRQI൴UP *& UHWHQW൴RQ W൴PHV 7KH FRPSRQHQWV RI
HWKDQRO H[WUDFWV RI SURSRO൴V ZHUH GHWHUP൴QHG E\
FRQV൴GHU൴QJWKH൴UDUHDVDVSHUFHQWDJHRIWKHWRWDO൴RQ
FXUUHQW 6RPH FRPSRQHQWV UHPD൴QHG XQ൴GHQW൴I൴HG
EHFDXVHRIWKHODFNRIDXWKHQW൴FVDPSOHVDQGO൴EUDU\
VSHFWUDRIWKHFRUUHVSRQG൴QJFRPSRXQGV>@

$QW൴EDFWHU൴DO
$VVD\$QW൴EDFWHU൴DO
DQG
DQW൴IXQJDO DFW൴Y൴W\ ZDV PHDVXUHG XV൴QJ G൴IIXV൴RQ
G൴VNSODWHVRQDJDU>@,QRUGHUWRWHVWDQW൴EDFWHU൴DO
DQGDQW൴IXQJDODFW൴Y൴W\WKHIUDFW൴RQVRIV൴[SURSRO൴V
VDPSOHVZHUHG൴VVROYHG൴QHWKDQRO)RUEDFWHU൴D
0XHOOHU+൴QWRQ$JDUPHG൴XP 0HUFN  PO DQG
IRUIXQJXV6DERXUDXG'H[WURVH$JDU 2[R൴GPO 
ZHUHSRXUHG൴QWRHDFKFPSHWU൴G൴VK$OOEDFWHU൴DO
VWUD൴QVZHUHJURZQ൴Q0XHOOHU+൴QWRQ%URWKPHG൴XP
0HUFN IRUDW&IRUK*URZWKZDVDGMXVWHG
WR 2'  QP  RI  E\ G൴OXW൴RQ Z൴WK 0XHOOHU
+൴QWRQ %URWK PHG൴XP IRU WKH EDFWHU൴D DQG
6DERXUDXG 'H[WURVH %URWK IRU WKH IXQJXV
6XVSHQV൴RQV ȝO Z൴WKDSSUR[൴PDWHO\EDFWHU൴D
DQGIXQJXVSHUP൴OO൴O൴WHUZHUHSODFHG൴QSHWU൴G൴VKHV
RYHUDJDUDQGG൴VSHUVHG7KHQVWHU൴OHSDSHUG൴VNV 
PPG൴DPHWHU ZHUHSODFHGRQWRWKHDJDUWRORDG
ȝO RI HDFK SURSRO൴V VDPSOH )RU WKH EDFWHU൴D
$PS൴F൴OO൴Q DQG &HSKD]RO൴Q REWD൴QHG IURP D ORFDO
SKDUPDF\ ZHUH XVHG DV D SRV൴W൴YH FRQWURO Z൴WK
DOFRKRODVDQHJDW൴YHFRQWURO,QK൴E൴W൴RQ]RQHVZHUH
GHWHUP൴QHG DIWHU ൴QFXEDW൴RQ DW  & IRU  K$OO
WHVWVZHUHSHUIRUPHG൴QWU൴SO൴FDWH
$QW൴IXQJDO DVVD\& DOE৻FDQV $ Q৻JHU DQG6
FHUHY৻V৻DHZHUHJURZQ൴Q6DERXUDXG'H[WURVH%URWK
'൴IFR  DW & IRU  K DQG 6DERXUDXG 'H[WURVH
$JDU 2[R൴G  ZDV HPSOR\HG ൴Q DJDU G൴IIXV൴RQ
H[SHU൴PHQWV7HVWHGIXQJDOVXVSHQV൴RQZDVDGMXVWHG
WR  FHOOVPO DV H[SOD൴QHG DERYH  2QH KXQGUHG
XQ൴WVRIQ\VWDW൴QIURPDORFDOSKDUPDF\ZDVXVHGDV
DSRV൴W൴YHFRQWURODQGDOFRKRODVDQHJDW൴YHFRQWURO
,QK൴E൴W൴RQ]RQHVZHUHGHWHUP൴QHGDIWHU൴QFXEDW൴RQDW
&IRUK$OOWHVWVZHUHPDGH൴QWU൴SO൴FDWH

6WDWLVWLFDO DQDO\VLV 7KH VWDWLVWLFDO DQDO\VHV
ZHUH GRQH ZLWK 6366 IRU :LQGRZV Y  
VRIWZDUH7KHGLIIHUHQFHVEHWZHHQWKHPHDQVRIWKH
LQKLELWLRQ]RQHVZHUHWHVWHGZLWKRQHZD\YDULDQFH
DQDO\VLVIROORZHGE\7XNH\+6'WHVW7KHUHVXOWVDUH
HYDOXDWHGLQWKHFRQILGHQFHOLPLWRI

0LQLPXPLQKLELWLRQFRQFHQWUDWLRQ7KHDJDU
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7$%/(
$QW൴P൴FURE൴DODFW൴Y൴W\RIG൴IIHUHQWHWKDQRO൴FH[WUDFWVIURP7XUN൴VKURSRO൴VVDPSOHV
PHDQYDOXHVRIWKHG൴DPHWHUVRI൴QK൴E൴W൴RQ]RQHV൴QPP
Samples

Van (propolis)
Erzurum
(propolis)
*PúKDQH
(propolis)

Microorganisms** and inhibition zone (mm)
B.c.
Cl.p.
L.m.
St.a.
E.c.
K.p.
P.a.
S.t.
Sh.s.
Y.e.
C.a.
Sc.c.
A.n.
(Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)* (Ort.±S.H.)*
13.33±0.33 9.00±0.00 18.33±0.33 15.33±0.33 15.33±0.33 9.00±0.00 15.33±0.33 6.67±0.33
c
b
d
c
c
c
d
b

0.00±0.00
a

0.00±0.00
a

0.00±0.00 10.00±0.00 11.33±0.33
a
c
c

11.33±0.33 10.00±0.00 20.33±0.33 16.67±0.33 16.67±0.33 0.00±0.00 11.33±0.33 14.67±0.33 10.00±0.00 14.67±0.33 0.00±0.00
b
c
e
d
d
a
b
d
b
d
a
11.33±0.33 16.67±0.33 19.00±0.00 18.33±0.33 18.33±0.33 8.00±0.00
b
e
d
e
e
b

9.00±0.00
b

9.00±0.00
b

0.00±0.00 14.67±0.33 13.33±0.33 18.33±0.33 0.00±0.00 15.33±0.33 18.33±0.33
a
d
c
f
a
e

Ordu (propolis)

17.33±0.33 10.00±0.00 18.33±0.33 19.00±0.00 13.33±0.33 10.00±0.00 15.33±0.33 16.67±0.33 10.00±0.00 11.33±0.33 13.33±0.33 10.00±0.00 19.00±0.00
d
c
d
e
b
d
d
e
b
c
c
c
g

Rize (propolis)

20.33±0.33 12.00±0.00 12.00±0.00 16.33±0.33 15.33±0.33 14.67±0.33 0.00±0.00 13.33±0.33 15.33±0.33 7.00±0.00 15.33±0.33 14.67±0.33 14.67±0.33
e
d
b
d
c
g
a
c
d
b
d
e
d

0X÷OD SURSROLV

11.33±0.33 9.00±0.00 16.33±0.33 16.33±0.33 19.00±0.00 9.00±0.00 14.33±0.33 13.33±0.33 10.00±0.00 0.00±0.00 10.00±0.00 13.33±0.33 15.33±0.33
b
b
c
d
e
c
c
c
b
a
b
d
e

Ampicilin

27.00±0.00
g
23.00±0.00
f

NT

32.00±0.00
g

NT

Cephazolin

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

0.00±0.00
a

NT

25.00±0.00 11.33±0.33 15.33±0.33 13.33±0.33 27.00±0.00 22.00±0.00
f
b
c
f
f
f

NT

15.33±0.33
e

NT

NT

NT

16.67±0.33 11.33±0.33 24.00±0.00 23.00±0.00 15.33±0.33 15.33±0.33
d
e
e
g
d
e

NT

NT

NT

Nystatin
70% ethanol

15.33±0.33 15.33±0.33
d
e
0.00±0.00
a

NT

0.00±0.00 0.00±0.00a
a

7KHG൴IIHUHQFHVEHWZHHQWKHPHDQV൴QWKHVDPHFROXPQIROORZHGE\WKHVDPHOHWWHUDUHQRWVWDW൴VW൴FOO\V൴JQ൴I൴FDQW
3!
 0൴FURRUJDQ൴VPV &OS &ORVWU৻G৻XP SHUIU৻QJHQV .S .OHEV৻HOOD SQHXPRQ৻DH (F (VFKHU৻FK৻D FRO৻ /P
/৻VWHU৻D PRQRF\WRJHQHV 6WD 6WDSK\ORFRFFXV DXUHXV <H <HUVHQ৻D HQWHURFRO৻W৻FD 3D 3VHXGRPRQDV
DHUXJ৻QRVD6W6DOPRQHOODW\SK৻PXU৻XP6KV6K৻JHOODVRQQH৻%F%DF৻OOXVFHUHXV&D&DQG৻GDDOE৻FDQV
6FF6DFFKDURP\FHVFHUHY৻V৻DH$Q$VSHUJ৻OOXVQ৻JHU171RWWHVWHG
QLJHUAntimicrobial activity of the ethanolic extracts
against the6 VRQQHL < HQWHURFROLWLFD DQG &
DOELFDQVwas not observed. Ethanolic extracts from
Erzurum propolis samples are also effective on /
PRQRF\WRJHQHV%FHUHXV&SHUIULQJHQV6DXUHXV
(FROL3DHUXJLQRVD6W\SKLPXULXP6FHUHYLVLDH
6 VRQQHL < HQWHURFROLWLFD DQG $ QLJHU
Antimicrobial activity of the ethanolic extracts
against the .SQHXPRQLDHDQG&DOELFDQVwas not
REVHUYHG (WKDQROLF H[WUDFWV IURP *PúKDQH
propolis samples are also effective on / PRQR
F\WRJHQHV % FHUHXV & SHUIULQJHQV 6 DXUHXV (
FROL.SQHXPRQLDH6W\SKLPXULXP6FHUHYLVLDH
6 VRQQHL < HQWHURFROLWLFD DQG $ QLJHU
Antimicrobial activity of the ethanolic extracts
against the 3 DHUXJLQRVD DQG & DOELFDQVwas not
observed. Ethanolic extracts from Ordu propolis
samples are also effective on / PRQRF\WRJHQHV %
FHUHXV & SHUIULQJHQV 6 DXUHXV ( FROL .
SQHXPRQLDH 3 DHUXJLQRVD 6 W\SKLPXULXP 6
VRQQHL < HQWHURFROLWLFD 6 FHUHYLVLDH &
DOELFDQVDQG $ QLJHU Ethanolic extracts from Rize
propolis samples are also effective on /
PRQRF\WRJHQHV%FHUHXV&SHUIULQJHQV6DXUHXV
(FROL.SQHXPRQLDH6W\SKLPXULXP6VRQQHL<
HQWHURFROLWLFD 6 FHUHYLVLDH & DOELFDQVDQG $
QLJHU Antimicrobial activity of the ethanolic extracts
against the 3 DHUXJLQRVDwas not observed.
(WKDQROLFH[WUDFWVIURP0X÷ODSURSROLVVDPSOHVDUH
also effective on /PRQRF\WRJHQHV%FHUHXV

5(68/76$1'',6&866,21
5HVXOWV RI WKH HYDOXDWLRQ RI DQWLEDFWHULDO
DFWLYLW\DQGFKHPLFDOFRPSRVLWLRQRIWKHVL[SURSROLV
VDPSOHV FROOHFWHG IURP YDULRXV ORFDWLRQV7XUNH\
9DQ0X÷OD(U]XUXP*PúKDQH5൴]HDQG2UGX 
DJDLQVW WKH IRXU *UDPSRVLWLYH %DFLOOXV FHUHXV
&ORVWULGLXP SHUIULQJHQV /LVWHULD PRQRF\WRJHQHV
6WDSK\ORFRFFXV DXUHXV  VL[ *UDPQHJDWLYH
(VFKHULFKLD FROL .OHEVLHOOD SQHXPRQLDH
3VHXGRPRQDV DHUXJLQRVD 6DOPRQHOOD W\SK
LPXULXP
6KLJHOOD
VRQQHL
<HUVLQLD
HQWHURFROLWLFD WZR \HDVWV &DQGLGD DOELFDQV
6DFFKDURP\FHV FHUHYLVLDH  DQG PROG $VSHUJLOOXV
QLJHU EDFWHULDOVWUDLQVXVHGLQWKLVVWXG\
$OO VL[7XUNLVK SURSROLV VDPSOHV HYDOXDWHG LQ
WKLV VWXG\ VKRZHG DQWLPLFURELDO DFWLYLW\ DJDLQVW WR
WKH PDQ\ WHVW PLFURRUJDQLVPV7KH GLVF diffusion
method was used to determine the inhibition ]RQHV
RI WKH HWKDQROLF H[WUDFWV RI VL[ GLIIHUHQW SURSROLV
VDPSOHV$FFRUGLQJ WR WKH UHVXOWV LQ WKH 7DEOH 
HWKDQROH[WUDFWVRISURSROLV ((3 GLVSOD\HGYDU\LQJ
GHJUHHV RI DFWLYLW\ DJDLQVW EDFWHULD VWUDLQVEEP
displayed potent antimicrobial activity against
bothGram-positive and Gram-negative bacteria as
well as the yeast.
Ethanolic extracts from Van propolis samples
are alsoeffective on /PRQRF\WRJHQHV%FHUHXV&
SHUIULQJHQV 6 DXUHXV ( FROL . SQHXPRQLDH 3
DHUXJLQRVD6W\SKLPXULXP6FHUHYLVLDHDQG$
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7$%/(
$QW൴P൴FURE൴DODFW൴Y൴W\RIG൴IIHUHQWHWKDQRO൴FH[WUDFWVIURP7XUN൴VKSURSRO൴VVDPSOHV
GHWHUP൴QHGP൴Q൴PXP൴QK൴E൴WRU\FRQFHQWUDW൴RQ 0,&PJPO
Microorganisms
Sample

B.c.

Cl.p. L.m. St.a. E.c.

K.p. P.a.

Van



    

Erzurum

     

*PúKDQH



Ordu

    

Rize

  

    


S.t.

 

Sh.s. Y.e.

C.a.

Sc.c. A.n.
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0X÷OD
            
 0൴FURRUJDQ൴VPV &OS &ORVWU৻G৻XP SHUIU৻QJHQV .S .OHEV৻HOOD SQHXPRQ৻DH (F (VFKHU৻FK৻D FRO৻ /P
/৻VWHU৻D PRQRF\WRJHQHV 6WD 6WDSK\ORFRFFXV DXUHXV <H <HUVHQ৻D HQWHURFRO৻W৻FD 3D 3VHXGRPRQDV
DHUXJ৻QRVD6W6DOPRQHOODW\SK৻PXU৻XP6KV6K৻JHOODVRQQH৻%F%DF৻OOXVFHUHXV&D&DQG৻GDDOE৻FDQV
6FF6DFFKDURP\FHVFHUHY৻V৻DH$Q$VSHUJ৻OOXVQ৻JHU171RWWHVWHG
7$%/(
&KHP൴FDOFRPSRV൴W൴RQVRIHWKDQROH[WUDFWRIV൴[G൴IIHUHQW7XUN൴VKSURSRO൴VVDPSOHV RIWRWDO൴RQFXUUHQW
&RPSRXQGV
$URPDW৻FDF৻GV
%XWDQHG൴R൴FDF൴G
&DIIH൴FDF൴G
+H[DGHFDQR൴FDF൴G
3URSHQR൴FDF൴G
0RQRSDOP൴W൴Q
'RGHFDQR൴FDF൴G
)HUXO൴FDF൴G
%HQ]R൴FDF൴G

9DQ

(U]XUXP

*PúKDQH

2UGX

5൴]H

0X÷OD
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)DUQHVRO
6൴ODQRO
$7HUS൴QHRO
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,QRV൴WRO
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&൴QQDP൴FDF൴G
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%HQ]\OF൴QQDPDWH

























)DWW\DF৻GV
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$E൴HW൴FDF൴G
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SHUIULQJHQV 6 DXUHXV ( FROL . SQHXPRQLDH 3
DHUXJLQRVD6W\SKLPXULXP6VRQQHL6FHUHYLVLDH
& DOELFDQV DQG $ QLJHU Antimicrobial activity of
the
ethanolic
extracts
against
the
<
HQWHURFROLWLFDwas not observed(Table 1)
The MIC values of propolis extracts are shown
in Table 2.7KH 0,&V RI SURSRO൴V VDPSOHV UDQJHG
IURPWRPJPO 7DEOH 7KHFRQWUROVDPSOH
DTXHRXVHWKDQROYY G൴GQRWHIIHFWWKHJURZWK
RI EDFWHU൴D7KXV ZH PD\FRQFOXGH WKDW WKH
DQW൴EDFWHU൴DODFW൴Y൴W\൴QWK൴VDVVD\൴VH[FOXV൴YHO\GXH
WRSURSRO൴VFRPSRQHQWV7KH0,&YDOXHVRIWKHPRVW
HIIHFW൴YH SURSRO൴V 2UGX  ZHUH  JPO IRU /
PRQRF\WRJHQHV DQG % FHUHXV  JPO IRU 6
DXUHXV DQG 6 W\SK৻PXU৻XP  JPO IRU &
SHUIU৻QJHQVDQG(FRO৻
0DQ\VWXGLHVKDYHVKRZQWKDWSURSROLVFDQEH
DQDQWLPLFURELDODJHQW$FFRUGLQJWR>@3URSROLV
LV PRUH DFWLYH DJDLQVW *UDP SRVLWLYH EDFWHULD WKDQ
*UDP QHJDWLYH 6LPLODUO\ LQ SUHVHQWV VWXG\ ODUJHU
LQKLELWLRQ]RQHVZHUHYHULILHGIRUWKH*UDPSRVLWLYH
EDFWHULD % FHUHXV & SHUIULQJHQV /
PRQRF\WRJHQHV6DXUHXVFRPSDUHGZLWKWKH*UDP
QHJDWLYH ( FROL . SQHXPRQLDH 3 DHUXJLQRVD 6
W\SKLPXULXP6VRQQHL<HQWHURFROLWLFD
The present study demonstrated the
composition of 70% ethanolic extracts of six
propolis samples collectedfrom different regions of
Turkey. 7KH *&±06 DQDO\V൴V UHYHDOHG WKDW WKH
VWXG൴HGSURSRO൴VVDPSOHVSRVVHVVWKHW\S൴FDO7XUN൴VK
FKHP൴FDO SURI൴OH These propolissamples, the
complex compositions and main types ofcompounds
were found to be as listed in Table 3.
7KH FRPSRXQGV WKDW EHORQJ WR G൴IIHUHQW FKHP൴FDO
JURXSV ZHUH ൴GHQW൴I൴HG IRU HDFK SURSRO൴V
VDPSOHV$FFRUG൴QJ WR *&06 DQDO\V൴V RI SURSRO൴V
VDPSOHV FROOHFWHG IURP 9DQ 0X÷OD (U]XUXP
*PúKDQH5൴]HDQG2UGXROH൴FDF൴GF൴QDP൴FDF൴G
EHQ]RDWH ROH൴N DV൴WFRPSRXQGV ZHUH IRXQG ൴Q DOO
VDPSOHV EXW WKH\ ZHUH REVHUYHG ൴Q G൴IIHUHQW UDW൴RV
7DEOH 
Much work has been conducted on the
chemical compositionand biological activities. Until
now, more than 300chemical constituents have been
identified in propolis from different regions. The
main chemical classes present inpropolis are
flavonoids,
phenolics,
and
aromatic
compounds[13].Propolis also contains some volatile
oils,terpenes, and bee wax, but these compounds are
not believedto contribute as significantly to the
chemical properties andeffects of propolis [14].
,Q RXU VWXG൴HV RQ V൴[ SURSRO൴V VDPSOHV WKH
PDMRUFRPSRQHQWVZHUHHVWHUV %XWDQHG൴R൴FDF൴GE൴V
706 HVWHU &൴QQDP൴F DF൴G +H[DGHFDQR൴F DF൴G 
2FWDGHFHQR൴FDF൴GHWK\OHVWHUEHQ]R൴FDF൴G RUJDQ൴F
DQGIDWW\DF൴GVROH൴FDF൴G$E൴HW൴FDF൴G DQGNHWRQH
K\GURFDUERQV 'IUXFWRVH *OXNR] 6XNUR]RFWD
$UDE൴QRIXUDQRVH 7DEOH  &DIIH൴F DF൴G HVWHUV KDYH
EHHQ IRXQG ൴Q 2UGX 5൴]H DQG 0XJOD SURSRO൴V
VDPSOHV DQG NQRZQ WR EH DV DQ DQW൴P൴FURE൴DO
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VXEVWDQFH6RPHUHVHDUFKHUVKDYHDOVRUHSRUWHGWKDW
SKHQRO൴F FRPSRXQGV IURP G൴IIHUHQW SODQW VRXUFHV
FRXOG൴QK൴E൴WYDU൴RXVIRRGERUQHSDWKRJHQVDQGWKH
WRWDO SKHQRO൴F FRQWHQW ZDV K൴JKO\ FRUUHODWHG Z൴WK
DQW൴EDFWHU൴DODFW൴Y൴W\>@
According
to
[18]relating
the
chemicalconstituents of propolis with biological
activity enables thestandardization of the application
of propolis [19] report that differences in the
chemical compositionof propolis from different
sources change the spectrum ofbiological activity of
propolis.0RUH WKDQ  FRPSRXQGV ൴QFOXG൴QJ
YRODW൴OH RUJDQ൴F FRPSRXQGV IODYRQR൴G DJO\FRQHV
SKHQRO൴FDF൴GVDQGWKH൴UHVWHUVSKHQRO൴FDOGHK\GHV
DOFRKROV DQG NHWRQHV VHVTX൴WHUSHQHV TX൴QRQHV
FRXPDU൴QVVWHUR൴GVDQGDP൴QRDF൴GVZHUHUHSRUWHG
DPRQJWKHFRPSRQHQWVRISURSRO൴V>@
7KH ൴QK൴E൴W൴RQ ]RQHV ZHUH YDU൴HG UHODWHG WR
G൴IIHUHQW F൴W൴HV RI SURSRO൴V H[WUDFWV 7KH ൴QK൴E൴WRU\
HIIHFWV RI WKH GRVHV RI SURSRO൴V ZHUH V൴JQ൴I൴FDQWO\
G൴IIHUHQW DW 3! *&06 DQDO\V൴V KDV EHHQ
SHUIRUPHG DV DQDO\V൴V RI FKHP൴FDO FRPSRV൴W൴RQ ൴Q
SURSRO൴V VDPSOHV 7KH FKHP൴FDO FRPSRV൴W൴RQ RI
SURSRO൴V ZHUH YHU\ FRPSOH[ DQG YDU൴DEOH ,WV
FKHP൴FDO FRPSRV൴W൴RQ DQG DQW൴P൴FURE൴DO DFW൴Y൴W൴HV
YDU൴HV DFFRUG൴QJ WR WKH JHRJUDSK൴FDO UHJ൴RQ DQG
ERWDQ൴FDORU൴J൴Q,W൴VZHOONQRZQWKDWWKHIODYRQR൴G
FRQFHQWUDW൴RQ Z൴OO DIIHFW WKH E൴RORJ൴FDO DFW൴Y൴W\ RI
SURSRO൴V>@
&RQVHTXHQWO\ DQW൴P൴FURE൴DO VFUHHQ൴QJ FOHDUO\
൴QG൴FDWHGWKDWVDPSOHVRI7XUN൴VKSURSRO൴VKDGPXFK
PRUH SRZHUIXO DQW൴P൴FURE൴DO DFW൴Y൴W\ 7DEOH  
7KHUHIRUH7XUN൴VKSURSRO൴VVDPSOHVZDVXVHGDVWKH
PDWHU൴DO IRU ൴VRODW൴RQ VWXG\ 2Q WKH RWKHU KDQG
SUHY൴RXV VWXG൴HV UHYHDOHG WKDW FRPSRXQGV
UHVSRQV൴EOH IRU DQW൴P൴FURE൴DO DFW൴Y൴W\ ZHUH PD൴QO\
IRXQGWREHFDIIH൴FDF൴GHVWHUV>@
,Q FRQFOXV൴RQ RXU UHVXOWV FRQI൴UP WKH
൴PSRUWDQFHRI SKHQRO൴F FRPSRXQGV IODYRQHV
DQGIODYDQRQHV WKH DQW൴EDFWHU൴DO DFW൴Y൴W\ RI 7XUN൴VK
SURSRO൴V7KHUHVXOWVVKRZHGWKDWWKHVXVFHSW൴E൴O൴W\RI
D UDQJH RI P൴FURRUJDQ൴VPV WR HWKDQRO H[WUDFWV RI
SURSRO൴V ((3  YDU൴HG Z൴WK WKH FROOHFW൴RQ G൴IIHUHQW
ORFDW൴RQ RI SURSRO൴VDQG WKDW WKH DQW൴EDFWHU൴DO HIIHFW
ZDVK൴JKIRUVDPSOHV)XUWKHUZRUN൴VDOVRQHHGHGWR
H[SOD൴Q WKHYDU൴DW൴RQV ൴Q VXVFHSW൴E൴O൴W\ DPRQJ WKH
G൴IIHUHQWP൴FURRUJDQ൴VPV
5()(5(1&(6
[1] *K൴VDOEHUW൴(/  3URSRO൴VDUHY൴HZ%HH
:RUOG±
[2] 0DUNKDP.50൴WFKHOO.$:൴ON൴QV$/
'DOG\ -$ DQG /X<   +3/& DQG *&
06 ൴GHQW൴I൴FDW൴RQ RI WKH PDMRU RUJDQ൴F
FRQVW൴WXHQWV ൴Q 1HZ =HDODQG SURSRO൴V
3K\WRFKHP൴VWU\±
[3] &KHQJ 3& DQG :RQJ *   +RQH\ EHH
SURSRO൴V SURVSHFWV ൴Q PHG൴F൴QH %HH :RUOG
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±
[4] $KQ05.XPD]DZD68VXL<1DNDPXUD
-
0DWVXND
0
=KX
)
DQG
1DND\DPD7   $QWLR[LGDQW DFWLYLW\
DQGFRQVWLWXHQWVRISURSROLVFROOHFWHGLQYDULRXV
DUHDV RI &KLQD )RRG &KHPLVWU\  ±

[5] .XMXPJLHY $ 7VYHWNRYD , 6HUNHGMLHYD <
%DQNRYD 9 &KULVWRY 5 3RSRY 6  
$QWLEDFWHULDO$QWLIXQJDO DQG DQWLYLUDO DFWLYLW\
RI SURSROLV RI GLIIHUHQW JHRJUDSKLF RULJLQ
-RXUQDORI(WKQRSKDUPDFRORJ\
[6] 3DUN <. $OHQFDU  60 DQG $JXLDU  &/
  %RWDQLFDO RULJLQ DQG FKHPLFDO
FRPSRVLWLRQ RI %UD]LOLDQ SURSROLV -RXUQDO RI
$JULFXOWXUDO DQG )RRG &KHPLVWU\  ±

[7] (UWUN g  $QWLEDFWHULDO DQG DQWLIXQJDO
DFWLYLW\RIHWKDQROLFH[WUDFWVIURPHOHYHQVSLFH
SODQWV%LRORJLD
[8] +RORSD൴QHQ 0 -DERUGDU / 6HSSDQHQ
/DXNVR7/DDNVR,DQG.DXSS൴QHQ9  
$QW൴P൴FURE൴DO $FW൴Y൴W\ RI 6RPH )൴QQ൴VK
(U൴FDFHRXV SODQWV$FWD 3KDUPDFHXW൴D )HQQ൴FD

[9] 5RQDOG0$  0൴FURE൴RORJ൴D&RPSDQ൴D
(G൴WRU൴DO&RQW൴QHQWDO6$GH&90H[൴FR'
)
[10] 9DQGHU %'$ DQG 9LHWLQFN  $-  
6FUHHQ൴QPHWKRGVIRUDQW൴EDFWHU൴DODQGDQW൴Y൴UDO
DJHQWV IURP K൴JJHU SODQWV ,Q '(\ 30
+DUERUQH -% (GV  0HWKRGV ൴Q 3ODQW
%൴RFKHP൴VWU\$FDGHPLF3UHV/RQGRQ
[11] 9DQGHU %'$ DQG 9LHWLQFN $-  
6FUHHQ൴QPHWKRGVIRUDQW൴EDFWHU൴DODQGDQW൴Y൴UDO
DJHQWV IURP K൴JJHU SODQWV ,Q '(\ 30
+DUERUQH -% (GV  0HWKRGV ൴Q 3ODQW
%൴RFKHP൴VWU\$FDGHPLF3UHV/RQGRQ
[12] *UDQJH -0 DQG 'DYH\ 5:  
$QW൴EDFWHU൴DOSURSHUW൴HVRISURSRO൴V EHHJOXH 
-RXUQDO RI WKH 5R\DO 6RF൴HW\ RI 0HG൴F൴QH 
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diarrhoeal drugs or antacids as well as exposure via
natural sources [2]. The average Al intake via diet,
drinking water and inhalation of ambient air was
reported as around 5 mg daily [3]. Because of Al is
accounted responsible for a variety of health
problems such as osteolomacia, neurodegenerative
diseases and pathogenic disorders, some countries
prohibited or restricted food additives legally [4-6].
Azorubine is a synthetic red azo dye, have been
widely used as colorant for food, beverages, drugs
and cosmetics [7,8]. It was reported that azorubine
cause allergy, asthma, drug sensitivity and
hyperactivity [9]. Azorubine is banned in Sweden,
Canada, Japan, Norway and USA because of their
potential carcinogenetic effects [9, 10]. In the other
countries in which it is not banned as a food
additive, azorubine use in foodstuff is restricted by
regulations. For example, the permissible limit of
azorubine is defined as 50 mg/L in non-alcoholic
flavored drinks, edible ices, desserts, fine bakery
products and confectionery in Turkey.
Although the limited knowledge of both Al
and azorubine toxicity, there were no study
regarding to combined toxic effects of both. In this
study, we aimed to analyse the effect of Al and
azorubine combination that can be found together
in a variety of food and beverages on certain
physiologic and genetic events in D. melanogaster.
Therefore, the current study investigates genotoxic
effects of both single and combined treatments of
Al and azorubine at the permissible concentrations
in drinking water and food, respectively. For this
purpose, DNA damage and gene expressions of
antioxidant enzymes [CuZn-superoxide dismutase
(SOD), Mn-SOD (SOD2), catalase (CAT) and
glutathione synthase (GS)] and Heat shock proteins
[HSPs (HSP26, HSP60, HSP70 and HSP83)] were
determined. Additionally, biochemical (Al and
azorubine accumulation) and physiological
(octopamine levels) analyses were also conducted
for evaluating physiological toxicity of Al and
azorubine.

ABSTRACT
This study aimed that investigation of the
toxic effects of Aluminum (Al) and Azorubine.
Adult D. melanogaster flies were treated with Al
(100, 200 and 400 ppb) and Azorubine (50 ppm) at
both single and combined for 1 and 5 days. The
concentrations were selected based on permitted
limits in drinking water for Al (200 ppb) and food
for Azorubine (50 ppm), respectively. The
accumulations of Al and Azorubine, mRNA levels
of antioxidant enzymes (superoxide dismutase,
catalase and glutathione synthase), heat shock
proteins (HSP26, 60, 70 and 83) as well as
octopamine levels were determined. RAPD analysis
was also performed in order to determine genomic
template stability (GTS%). Azorubine addition
caused increasing take up the Al, decreasing
expressions of antioxidant enzymes and changes in
the HSP expression patterns. GTS was decreased
with the increased treatment time. The minimum
GTS was determined at the 400 ppb Al and
Azorubine alone treatment at the both exposure
time. The higher increase of the octopamine (4.83fold) was determined at the 100 ppb Al+Azorubine
and 400 ppb Al+Azorubine (3.73-fold) at the fifth
day. We conclude that permitted limits of Al and
Azorubine (both single and combined) may cause
toxic effects on molecular and physiological level.

KEYWORDS:
Genotoxicity, azorubine, aluminium toxicity, antioxidant
enzymes, heat shock proteins, RAPD, mRNA expression

INTRODUCTION
Aluminium (Al) as a nonphysiological
element for living organisms is one of the widely
GLVWULEXWHG HOHPHQW RI HDUWK¶V FUXVW [1]. Therefore,
Al can naturally present in drinking water and food.
However, in today, progressively increasing Al
concentrations entering into our daily life with Albased food additives, aluminium containing food
contact materials, cosmetics and drugs such as anti2937
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Hilden, Germany) according to the manufacturer's
instructions. The total genomic DNA was diluted
with nuclease free water to a concentration of 25
QJȝODQGWKLVGLOXWHG'1$ZDVXVHGDVDWHPSODWH
DNA for the P&5 UHDFWLRQ 6WDQGDUG  ȝO 3&5
UHDFWLRQVZHUHSHUIRUPHGXVLQJȝO QJ RI
template DNA, AmpliTaq Gold PCR Master Mix
 $SSOLHG %LRV\VWHPV   ȝO RI HDFK
primer and nuclease-free water (10977-015,
,QYLWURJHQ  7KH SULPHU VHTXHQFHV ZHUH DV
IROORZV % ¶-CCACAGCAGT-¶  3 ¶ACGCGCCCT-¶   ¶-AAGAGCCCGT-¶ 
3
¶-AGGGTACCAG-¶ 
$3
¶TCCCGCTGCG-¶  3 ¶-TGGCCAGTGA-¶ 
23: ¶-TCGCATCCCT-¶  5$3' ¶ACGGTACCAG-¶  '1$ DPSOLILFDWLRQ ZDV
performed using the thermal cycler Applied
Biosystems® 3UR)OH[3&56\VWHP(40 cycles of
95 °C denaturation (30 s), 37 °C annealing (30 s),
and 72 °C elongation (90 s) with an initial 94 °C
denaturation (3 min) and a final 72 °C extension
PLQ $IWHUWKHDPSOLILFDWLRQRI'1$ȝORI
SURGXFW ZLWK  ȝO RI ORDGLQJ G\H 5
Fermentas) was loaded onto a 2 % agarose gel with
ethidium bromide in 2× TAE (Tris 1.6 M, acetic
acid 0.8 M, EDTA 40 mM, Ambion® 10X TAE)
buffer. The molecular weight standard 100 bp DNA
ladder (Geneaid, DL007) was used according to the
PDQXIDFWXUHU¶V LQVWructions. The DNA bands were
visualized with a UV transilluminator (Vilber
Lourmat) and the sizes of all of the bands were
calculated with program software. The percentage
of genomic template stabilities (GTS) were
calculated by using RAPD data. GTS (%) = (1[(a+b)/n])x100 where, a and b indicate appearance
of new bands and disappearance of normal bands,
respectively; n is the number of total bands in the
control.

MATERIAL AND METHODS
Drosophila stocks and treatment. Wild type
D. melanogaster strain (Oregon R) was reared on
standard Drosophila medium (cornmeal, agar,
sugar, yeast, water and propionic acid) at 25±1 °C.
All stocks were housed in the glass bottles. For all
control and treatment groups, adult flies were used
in the same developmental stage. Flies were
transferred into the bottles including with the
Drosophila medium prepared with distilled water
(control), Al (100 ppb, 200 ppb and 400 ppb),
azorubine (50 ppm), and the combination of Al and
azorubine (100 ppb Al+50 ppm azorubine, 200 ppb
Al+50 ppm azorubine and 400 ppb Al+50 ppm
azorubine) for 1 and 5 days.
Determination of Al content. Aluminium
accumulations of both control and treated flies were
determined according to Doganlar et al., [11].
Isolation of total RNA and cDNA synthesis.
At the end of each treatment period, flies were
removed from the media and total RNA was
isolated from each adult D. melanogaster specimen
using the PureLink® RNA Mini Kit (Life
Technologies,
USA)
according
to
the
manufacturer's instructions. The extracted RNA
concentrations were measured by the Qubit®
Fluorometer (Life Technologies, USA). The
concentration of total RNA was adjusted to 50
ng/μL for the synthesis of the first strand of cDNA
using a High Capacity cDNA Reverse Transcription
Kit (Life Technologies, USA). cDNA synthesis was
performed using the thermal cycler Applied
Biosystems® 3UR)OH[ 3&5 6\VWHP (Step 1:
25°C, 10 min; Step 2: 37°C, 120 min; Step 3: 85°C,
5 min). The cDNA was stored -20°C for subsequent
steps of the analysis.

Determination
of
octopamine
and
azorubine levels. Sample Preparation. Biogenic
amine and dye extraction from frozen (-150 °C) D.
melanogaster adults was performed in the cold (4
°C) with the Tissue Lyser LT (Qiagen, Tissuelyser
LT) lysing system in a 2-ml extraction tube for 2
min. Then pellet was mixed with 500 μl extraction
solvent (methanol/formic acid 10%:0.1% (v/v) in
ultra-pure water) in an Eppendorf tube. This
mixture was vortexed immediately with cooling and
shaking at 1,000 rpm (Bioer Mixing Block MB102) for 5 min. After centrifugation (13,000 rpm for
6 min at 4 °C), the supernatant was filtered through
a 0.22-ȝP 37)( ILOWHU 6DPSOHV  ȝO  ZHUH
analysed by AB SCIEX Triplet TOF 4600.

Quantitative real-time PCR (qRT-PCR)
analysis. Expression levels of the genes in response
to treatment with the Al and Al+azorubine were
analysed by qRT-PCR using the SYBR® Select
Master Mix (Life Technologies, USA) on an ABI
Step One Plus Real-Time PCR system (1 cycle of 2
min at 50°C and 10 min at 95°C followed by 40
cycles of denaturation at 95°C for 15 s, annealing
and extension at 60°C for 1 min) with the primer
pairs given in Doganlar and Doganlar [12]. Gene
expressions were determined as the relative fold
change compared to the control, and normalized
with RP49 mRNA expressions. The comparative
F\FOH WKUHVKROG ¨&W  PHWKRG 8VHU %XOOHWLQ 
Applied Biosystems, CA) was performed to analyse
the expressions levels of mRNAs.

Micro LC-ESI-Q-TOF conditions. For the
analysis of octopamine (68631, Fluka, SigmaAldrich, USA) and azorubine (10411500,
Dr.Ehrenstorfer,
Germany)
standards
were
individually loaded to the Q-TOF system to

DNA extraction and RAPD procedures.
Genomic DNA was isolated from D. melanogaster
using a DNeasy ® Blood & Tissue Kit (Qiagen,
2938
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antioxidant and HSPs genes were analysed by a
bivariate correlation test with Pearson correlation
coefficient and a two-tailed test of significance
using SPSS 18 software at significance levels of
3DQG

determine fragments and analysis conditions. Then,
octopamine and azorubine were prepared with
FRQFHQWUDWLRQV UDQJLQJ IURP  WR  ȝJNJ WR
set up six points and 1.25-7.50 mg/kg set up four
points for calibration. All data was opened with
Peak View (ABI-Sciex, USA) software and
checked mass and fragment results with Master
View (ABI-Sciex, USA) options. Mass and specific
fragments were exported MultiQuant software
(ABI-Sciex, USA) to generate calibration curves
IRU HDFK FKHPLFDOV 6DPSOHV  ȝO  ZHUH WKHQ
analyzed by Micro LC-Q-TOF using an Eksigent
MicroLC 200 Plus system coupled to an Applied
Biosystems 4600 Triple Quadropol-TOF. For the
octopamine analyses, chromatographic separation
was carried out on an Eksigent 2.7 μ*3 cm C18
halo column, at 30 °C. The isocratic flow (200
μl/min) was: 20 % A (99.8 % UPW:0.2 % Formic
acid) to 80 % B (99.8 % Acetonitrile: 0.2 % Formic
acid) over 3 min. Biogenic amine analyses were
performed using with DuoSpray source and
Electrospray (ESI) probe. An IDA method was used
containing a TOF-MS survey of 70 ms and up to 20
dependent TOF-MS/MS scans of 25 ms
accumulation time, and mass range was set up 100960 da for MS and product ion mass range was set
up 30-960 da for MSN. The curtain gas was set at
20 a.u.; the source temperature was 400 °C; ion
source gases 1 and 2 were both 30 a.u. The
declustering potential was set at 100 V. The source
voltage was 5500 V. Collision Energy (CE) of 20 V
and Collision Energy Spread (CES) of 15 V,
Transition: 153 (136), Scan Mode: Positive,
Calibration curve: y = 162.00529 x + -4314.12761
(r = 0.99856) were used. For the Azorubine
analyses, direct injection methods were performed
at same IDA methods condition. The isocratic flow
(100 μl/min) was 20 % A (99.8 % UPW: 0.2 %
Formic acid) to 80 % B (99.8 % Methanol: 0.2 %
Formic acid) over 2 min. The curtain gas was set at
25 a.u.; the source temperature was 300 °C; ion
source gases 1 and 2 were both 30 a.u. The
declustering potential was set at -120 V. The source
voltage was - 4500 V. Collision Energy (CE) of -10
V and Collision Energy Spread (CES) of -20 V,
Transition: 457 (377), Scan Mode: Negative,
Calibration curve: y = 24425.94159 x + -5.10783e4
(r = 0.99959) were used.

RESULTS AND DISCUSSION
Aluminium content. The accumulation of Al
in the D. melanogaster adults is shown in Figure 1.
Al content of D. melanogaster linearly increased
with
increasing
Al
and
Al+azorubine
concentrations in the growth medium at both
exposure times (except for 400 Al+azorubine at the
first day and 100 ppb Al at the fifth day).

Statistical analyses. The experiment was
performed with three replicates per treatment time
for each control and experimental group.
Differences in the metal and dye accumulations in
tissues and degree of the relative fold change
resulting from gene expressions under the effect of
Al, and Al+Azorubine were compared using
analysis of variance (ANOVA) with Duncan's
separation of means test using SPSS 18 software at
D VLJQLILFDQFH OHYHO RI 3 &RUUHODWLRQV
between the relative expressions levels of

FIGURE 1
Time and dose dependent alterations in
Aluminium and Azorubine accumulation in Al
and Al+Azorubine-exposed adult D.
melanogaster. P value belongs to T-WHVW 3 
Different letters indicate significantly different
values among concentrations by one-way
$129$'XQFDQWHVW 3
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including enzymatic and nonenzymatic reductants
[20]. SOD enzymes [(cytosolic SOD1 (Cu-Zn
SOD) and mitochondrial SOD2 (Mn-SOD)] are the
first line in the detoxification pathway which
convert superoxide radical to hydrogen peroxide
[21]. Due to lack protective structural proteins,
mitochondria are more susceptible to oxidative
damage induced by ROS toxicity [22]. Therefore,
increased oxidative damage was reported in the
Mn-SOD knock out mutant mice [22]. Also
overexpressed Mn-SOD play protective role from

The highest and lowest Al concentrations
were determined at the 200 ppb (152.44 ppb) and
400 ppb (71.16 ppb) Al+azorubine exposure after
one day of exposure, respectively. Increasing
exposure time caused decrease in the accumulation
of Al (except for 100 ppb Al and 400 ppb
Al+azorubine). The 100 ppb Al and 200 ppb
Al+Azorubine exposed D. melanogaster showed
almost equal Al levels as the highest Al
accumulation at the fifth day. When we compared
Al accumulation in Al alone and combined with
azorubine treated D. melanogaster, we have
discovered that azorubine addition causes an
increase in the take up of Al (except for 400 ppb at
the 1st day and 100 ppb at the 5th day).
Currently, besides azorubine alone, a
derivative of their aluminium lake-adsorbed onto an
aluminium hydroxide substrate are also used for
colouring agent. Lake forms of food dyes are
insoluble in water. But when Al and dye separate
from each other in the stomach, Al enters into the
body [13]. Therefore, European Food Safety
Authority (EFSA) reported that Aluminium Lake of
azorubine can increase daily intake of Al [14].
According to our results, not only azorubine as
aluminium lake but also in the aluminium
containing medium can increase Al uptake of
organisms.
Gene expressions of antioxidant enzymes.
The most pronounced effect of Al on the gene
expressions of all antioxidant enzymes were
determined at the 100 and 200 ppb at the first day
(Figure 2). While the highest increase was
determined in the CAT, this was followed by
SOD2, SOD and GS at the 100 ppb Al exposure.
Compared to their respective Al treatments,
presence of azorubine with Al caused reduction in
the gene expression levels of enzymes (except for
400 ppb Al concentrations) after one day of
exposure. At the fifth day of treatment, compared to
control, both Al alone and combined with azorubine
caused significant increases in the gene expressions
of all antioxidant enzymes (except for CAT at 400
ppb Al+azorubine group). When we compared to
azorubine added treatments with their respective Al
treatments, presence of azorubine caused reduction
in the gene expressions of antioxidant enzymes
(except for SOD and CAT at 200 ppb). But this
reduction was more obvious at the 400 ppb, and this
result indicates that Al-azorubine mixture have
more toxic effect than Al-alone treatments.
Previous studies on human, rats, rabbits,
fish, fruit fly and bacteria showed that Al exposure
in high concentrations results in excess production
of reactive oxygen species (ROS) due to their prooxidant activity [15-19]. The ROS attack to
important macromolecules such as carbohydrates,
lipids, proteins and nucleic acids; and naturally
cells are protected by their antioxidant systems

FIGURE 2
qRT-PCR analysis of Cu-Zn SOD, Mn-SOD,
CAT and GS in Al and Al+Azorubine exposed
adult D. melanogaster for 1 and 5 days. All data
were normalized with rp49 expression and given
as relative to control. Letters indicates
significantly different values compared with
their respective
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expressions showed no significant changes at the
fifth day of the experiment.
HSP70 expression showed significant increase
at all treatment groups when compared to control
(except for 400 ppb Al). Compared to their
respective controls, the highest increases were

oxidative stress in pheochromocytoma PC6 cells
[23]. In our study, we determined that a linear
decrease with the increasing exposure to both Al
alone and combined with azorubine treated D.
melanogaster at the first day of treatment. As
reported in earlier studies, we can say that both
Aland azorubine can cause oxidative stress in
mitochondria and affect electron transport in the
respiratory chain [18, 19, 21]. Hydrogen peroxide,
resulting from dismutation of superoxide anions by
both SOD and SOD2, is scavenged by CAT and
peroxidases (glutathione peroxidase, ascorbate
peroxidase and guaiacol peroxidase). It was
reported that SOD activity could have a signal role
for the CAT induction. In our study, the strong
positive correlations were determined between
CAT and either isoforms of the SOD at both
exposure times (R SOD1day= 0.921; R SOD2 1day=
0.893; RSOD 5day= 0.922; RSOD2 5day= 0.676).
GSH, as a non-enzymatic antioxidant, plays
important role for overcoming oxidative stress
sourced from xenobiotic [24]. Glutathione synthase
(GS) is a second enzyme for glutathione
biosynthesis and increased expression of this
enzyme means that elevated capacity of GSH
synthesis [25]. Therefore, the stimulation of GSH
synthesis, due to rapid depletion of available GSH,
is thought to be an important determinant of cell
survival under stressful conditions [26]. In our
study, GS expression in D. melanogaster fed with
Al-azorubine was lower than Al-alone treated flies
at both treatment times. The decreased GSH levels
because of the decreased GS activity at the high
aluminium doses were reported in the liver, kidney
and small intestine of rats [24]. Therefore, we can
state that azorubine addition causes an induction of
more free radical formation and more reduction in
the expression of GS enzyme (Figure 2).
Gene expressions of Heat Shock Proteins
(HSPs). The changes in the expressions of HSP
genes in D. melanogaster exposed to Al and
azorubine are shown in Figure 3. Statically
significant increases in the HSP26 expression were
determined at 400 ppb Al level in both Al-alone
and Al- azorubine on the 1st day. At the fifth day of
treatment, HSP26 expressions were significantly
increased at the levels of 200 ppb Al, 100 ppb
Al+azorubine, 200 ppb Al+azorubine, and
azorubine alone. When we compared to azorubine
added treatments with their respective Al
treatments, azorubine caused 3.2 fold increase and
2.1 fold decrease when combined 100 ppb and 200
ppb Al exposure, respectively.
The maximum increase in the HSP60 gene
expression was determined at the 400 ppb
Al+azorubine treatment and this was followed by
400 ppb Al at the first day. While azorubine alone
caused 3.1 fold increase compared with the control.
Excpt for 200 ppb Al exposure, HSP60 gene

FIGURE 3
qRT-PCR analysis of Hsp26, Hsp60, Hsp70, and
Hsp83 in Al and Al+Azorubine exposed adult D.
melanogaster for 1 and 5 days. All data were
normalized with rp49 expression and given as
relative to control. Letters indicates significantly
different values compared with their respective
controls as analysed by one-way ANOVA,
'XQFDQWHVW 3 
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either the protective role of HSP70 does not
function anymore, or due to adaptation of Tetrix
tenuicornis to their living environment they rather
decrease their own HSP70 synthesis [31].
Although, these researchers mentioned the
possibility of protective role of HSP70 does not
function on proteins we determined that strong
positive correlations between HSP70 levels and
antioxidant enzymes at the first day of treatment
(RSOD=0.740, RSOD2= 0.628; RCAT= 0.750; RGS=
3 7KHUHIRUHZHFDQVD\WKDW+63
has a protective role, and both HSP70 and
antioxidant enzymes respond together for suffering
from stress to short-term exposure. The lower
HSP70 levels at the long-term exposure than shortterm exposure can be explained with that the
adaptive response of D. melanogaster is increase
with exposure time. Additionally, we suggest that
the protective mechanisms other than HSP70 may
have a role on this lower levels to prevent the
damage of oxidative stress on proteins. The
increasing mRNA levels of other HSPs, specifically
HSP26, and antioxidant enzymes (SOD, CAT and
GS) at the fifth day of exposure supports our
hypothesis. Similar with our results, Solomon et al.,
[32] reported that a decrease in the HSP70 amount
in a cell leads to an increase in the synthesis of all
HSPS.
When the expression levels of the HSPs are
compared with each other, the rising trend of
HSP70>HSP60>HSP83>HSP26 was determined at
the first day of exposure except for at the highest
Al-alone and combined with azorubine treatment.
However, after five days of treatment, expression
levels of HSP genes showed different patterns
between Al alone and azorubine combined
treatments. While 100 ppb and 400 ppb Al treated
D. melanogaster showed an HSP expression pattern
in the order of HSP83>HSP26>HSP60>HSP70;
completely
different
pattern
as
HSP26>HSP83>HSP60>HSP70 were determined
in both azorubine alone and combined with Al
treatment groups at this exposure time. These
results showed that azorubine addition caused
different expression patterns at the prolonged
treatment time. We can say that the HSP gene
expressions triggered by the increasing Al
accumulation at the fifth day; because of both Alalone and azorubine-combined treatment groups
showed same expression patterns at the first day of
treatment. Our results are paralleled by earlier
studies on HSP70 is a sensitive biomarker and early
sensor for stress in the cell [28, 29]. For the
prolonged exposure, we thought that HSP26 and
HSP83 have important role for stress response
because of the higher expression levels. It was
reported that the overexpression of HSP26 extended
lifespan, and increased resistance to paraquat
induced oxidative stress in the D. melanogaster at
both organismal and neuronal tissue levels [30].

determined as 19.6 and 7.7 fold, at 200 ppb Al
exposure both first and fifth days, respectively.
While azorubine exposure alone caused 7-fold
increase after one day of treatment, and 0.6 fold
decrease at the fifth day. Azorubine with Al
exposure caused an increase only when combined
400 ppb Al at the first day and 100 ppb Al at the
fifth day.
HSP83 gene expression showed a linear
increase in both Al alone and combined with
azorubine groups at the first day of treatment. The
highest increase (2.76 fold) was determined at 400
ppb Al exposed D. melanogaster at the first day.
Azorubine exposure alone caused 3.53-fold
increase at the fifth day of exposure. But compared
to only Al exposed groups, azorubine combined
with 200 ppb and 400 ppb Al caused significant
decrease in the HSP83 expression (Fig 3).
HSPs act as both cellular stress proteins in the
maintaining protein homeostasis and, molecular
chaperones of nascent or aberrantly folded proteins.
The increased expressions of HSPs were reported
under many stress conditions such as heat,
oxidative, heavy metals, volatile organic
compounds, pesticides, anoxia and viral infections
caused proteotoxic stress [25-27]. The recognition
of damaged, misfolded and denaturated proteins is
first step of the HSPs function; and second step is
preventing aggregation, refolding or degradation of
the non-functional proteins depending on the
damage severity [26]. Therefore, the increasing
expressions of HSPs show that the cytoprotective
mechanism involves the degradation of the
misfolded proteins [28]. Different functions are
performed by small HSPs and HSP60, HSP70,
HSP90, HSP100 and HSP110 families, classified
by their molecular weight and functional aspects
[29]. Although all HSPs have a role in the stress
response, most of the studies have focused on
HSP70 in environmental biomonitoring for toxicant
response [30].
In our study, we determined significant
increase in the expression of HSP70 in low
concentrations
of
Al;
however,
higher
concentrations caused a decrease in the expression
levels at the first day of exposure. The lower
HSP70 levels at the highest Al concentrations can
be explained as the reduction of the metabolic
capacity of the D. melanogaster due to excess Alinduced toxicity. This hypothesis was supported by
the decreased expressions of the SOD, SOD2, CAT
and GS enzymes at the highest Al exposure with or
without azorubine at the first day of treatment.
Additionally, when we compared the HSP70 levels,
first day was higher than fifth day at all
concentrations. Similar to results of this study,
lower HSP70 levels were reported in Tetrix
tenuicornis living in contaminated sites than control
sites in response to high heavy metal accumulation
in their system [31]. This situation is explained by
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RAPD profiles. Of the twelve oligonucleotide
primers evaluated to screen genomic DNA isolated
from D. melanogaster for polymorphism, four
primers produced inconsistent results and eight
primers generated consistently positive results.
Among the eight primers, five informative and
stress-specific primers which are given bands
ranging in molecular size from 100-2246 bp were
preferred and used in the analyses of RAPD profiles

Additionally, Cashikar et al., [33] reported that
overexpressing HSP26 alone reduced 72Q-induced
toxicity in yeast; however, overexpressing
combinations of HSP26 together with HSP104
strongly reduced the toxicity of 72Q. In the our
study, we can say that dual elevation of HSP26 and
HSP83 expressions may needed to reduce the
toxicity of Al and azorubine at the fifth day of
exposure.

FIGURE 4
RAPD assay band profiles of total genomic DNA and GTS% values, calculated from band changes
belongs to D. melanogaster exposed to Al and Al+Azorubine for 1 and 5 days. L= Gen Ruler 100-bp plus
DNA ladder (100±3,000 bp), 1=Control, 2= 100ppb Al, 3= 200 ppb Al, 4=400 ppb Al, 5=100ppb Al+50
ppm Dye, 6= 200 ppb Al+50 ppm Dye, 7=400 ppb Al+50 ppm Dye, 8=Dye. Primers=B18, P1, 1247, P5 and
AP5. In GTS % figure; * indicates significantly different values compared to their respective controls,
analysed by one-ZD\$129$DQG'XQFDQWHVWV S  LQGLFDWHVVLJQLILFDQWly different values
between treatment times (T-WHVWS 
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octopamine levels in Al-alone or combined with the
azorubine treated D. melanogaster showed
significant increases only at 400 ppb Al, 400 ppb
Al+azorubine and azorubine-alone treated groups at
the first day of treatment, compared to control.
However, on the fifth day, significant increases
were determined at all exposure groups except for
100 ppb Al dose. The highest increase of the
octopamine (4.83-fold) was determined at the 100
ppb Al+azorubine exposure, and this was followed
by 200 ppb Al and (4.59-fold) and 400 ppb
Al+azorubine (3.73-fold) at the fifth day of
exposure.

(Figure 4). Aluminium-alone and combined with
azorubine
treatment
caused
changes
as
disappearance of bands, appearance of new bands,
an increase/decrease in the intensity of bands in D.
melanogaster at the both exposure time, compared
to their respective controls (Figure 4). 36 bands
belonging to the control group, total 209 new bands
were observed. 217 lost-bands of to the treated
group, molecular size ranging from 112 (P5) to
2608 bp (P1), were amplified by five primers.
While the decrease in band intensity corresponding
with changes in molecular size were prevalent at
the fifth day; additionally, increase in band
intensity were obvious at the first day of treatment
for 1247 and P5 primers. The highest band
disappearances were determined 5 days after the
treatments of Al-alone and combined with
azorubine for primers 1247, P5 and AP5 ranging in
molecular sizes 1918-161 bp. The maximum new
band appearance was found in B18 (first day),
(1247) (fifth day) and P5 (fifth day) ranging in
molecular sizes 2608-112 bp. The GTS (%) of D.
melanogaster was calculated by the mean band
changes in five primers tested (Figure 4). As seen
in Figure 4, GTS was decreased with the duration
of treatment time. The minimum GTS was
determined at the 400 ppb Al and azorubine-alone
treatments at the first and fifth days of exposure,
respectively.
Random Amplified Polymorphic DNA
(RAPD) technique has been commonly used for
monitoring genotoxic effects of xenobiotics such as
heavy metals, volatile organic compounds,
benzo(a)pyrene, pesticides and pharmacological
agents [28, 29, 34]. In this method, the
modifications of the DNA structure can be detected
easily based on evaluating of band number (loss of
normal bands and appearance of new bands) and
changes
in
the
band
intensity
(increasing/decreasing), compared with the control
bands [35]. Therefore, these changes in the band
patterns can be caused by the DNA
adducts/breakage, single base changes and complex
chromosomal rearrangements [36]. Genomic
template stability is calculated based on the
appearance and disappearance of band numbers
relative to control bands, and qualitatively analyse
the changes in the DNA. The changes in the RAPD
profiles may be due to changes of the genomic
template stability [37]. The appearance of new
bands may also be due to formation of new primer
annealing sites caused by point mutation and
rearrangements. In addition to mutations and
rearrangements, breaking of double helix and DNA
adducts can cause disappearance of bands DNA
damage induced by contaminant toxicity [37].

FIGURE 5
LC-Q-TOF analysis on Octopamine levels in Al
and Al+Azorubine-exposed adult D.
melanogaster for 1 and 5 days. Letters indicates
significantly different values compared with
their respective controls as analysed by one-way
$129$'XQFDQWHVW 3 
Biogenic amines such as dopamine,
octopamine, and serotonine are active signal
transduction molecules [38]. Additionally these
substances were associated with energy metabolism
in insect under stress conditions [39]. The levels of
these substances rapidly change under unfavourable
conditions in Drosophila [40]. The increases in the
levels of octopamine and dopamine in Schistocerca
americana gregaria, Periplaneta americana,
Nauphotea
cinerea,
Tribolium
castaneum,
Drosophila virilis and locust fat body were reported
under various stress conditions such as high and
low temperatures, high population density,
immobilization and insecticide [41-47]. The reason
of these increases in the biogenic amine levels
under stress conditions may be promotion of the
adaptation to stress conditions [45]. Additionally, it
was reported that biogenic amines have important
role in the adaptation of the environmental stresses
[46]. In our study, in parallel to previous findings,
we thought that increased octopamine levels could
be result of adaptive responses of the D.
melanogaster. Octopamine is accepted as one of the
major stress hormones in insects [47]. Additionally,
it was reported that increased octopamine levels as

Octopamine levels. The changes in the
octopamine levels in D. melanogaster exposed to
Al and Al+azorubine are shown in Figure 5. The
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Health
Organization:
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Switzerland, 2003; pp. 1±14.
[4] Agency for Toxic Substances and Disease
Registry (2008) http://www.atsdr.cdc.gov/
toxprofiles/tp22-c2.pdf.
[5] Lima,
P.D.L.,
Vasconcellos,
M.C.,
Montenegro, R.C. and Burbano, R.R. (2011)
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Aspects on Genotoxicity, Alzheimer's Disease
Pathogenesis-Core
Concepts,
Shifting
Paradigms and Therapeutic Targets, Dr.
Suzanne De La Monte (Ed.), ISBN: 978-953307-690-4, InTech.
[6] Kijak, E., Rosato, E., Knapczyk, K. and Pyza
E. (2014) Drosophila melanogaster as a model
system of aluminum toxicity and aging. Insect
Science, 21 (2), 189-202.
[7] Poul, M., Jarry, G., Elhkim, M.O. and Poul
J.M. (2009) Lack of genotoxic effect of food
dyes amaranth, sunset yellow and tartrazine
and their metabolites in the gut micronucleus
assay in mice. Food and Chemical Toxicology,
47 (2), 443-448.
[8] Amin, K.A., Abdel Hameid, H. and Abd
Elsttar, A.H. (2010) Effect of food azo dyes
tartrazine and carmoisine on biochemical
parameters related to renal, hepatic function
and oxidative stress biomarkers in young male
rats. Food and Chemical Toxicology, 48 (10),
2994-2999.
[9] Sivai R. (2014) Food colorants and health
issues: are we aware? Current Science, 106 (2),
143.
[10] Sohrabi, M.R., Khavaran, A., Shariati, S. and
Shariati S. (2014) Removal of Carmoisine
edible dye by Fenton and photo Fenton
processes using Taguchi orthogonal array
design. Arabian Journal of Chemistry,
doi:10.1016/j.arabjc.2014.02.019.
[11] Doganlar, Z.B., Doganlar, O. and Tabakcioglu,
K. (2014) Genotoxic effects of heavy metal
mixture
in
Drosophila
melanogaster:
expressions of heat shock proteins, RAPD
SURILOHV DQG PLWRFKRQGULDO '1$ VHTXHQFH´
Water, Air and Soil Pollution 225 (9): 1-14.
[12] Doganlar, O., & Doganlar, B. Z. (2015).
Responses of antioxidant enzymes and heat
shock proteins in drosophila to treatment with
a pesticide mixture. Archives of Biological
Sciences, 67(3), 869-876.
[13] Parkinson, T. M. and Brown, J. P. (1981)
Metabolic fate of food colorants. Annual
review of nutrition, 1(1), 175-205.
[14] EFSA Panel on Food Additives and Nutrient
Sources added to Food (ANS); Scientific
Opinion
on
the
re-evaluation
of
Azorubine/Carmoisine (E 122) as a food
additive on request the European Commission.
EFSA Journal 2009; 7(11):1332. [40 pp.].

a stress-response could be associated with a
decrease in feeding in some insects [47]. We
thought that the decreasing Al accumulation with
the increasing exposure time could be explained by
the octopamine-affected feeding decrease in D.
melanogaster (Figure 1).

CONCLUSIONS
In conclusion, the results of this study
indicated that the both single and combination
treatments of aluminium and azorubine had
significant effects on both molecular and
physiological functions on D. melanogaster. In the
current study, expressions of HSP70, HSP83, CAT,
and GS genes and GTS % value were determined to
be acceptable biomarkers of oxidative stress in fruit
fly tissues exposed to Al and Azorubine. In
addition, the increased octopamine levels show that
adaptive responses to stressful conditions sources
from metal and dye accumulation in tissues of D.
melanogaster.
We
determined
that
all
concentrations of Al and Al-Azorubine treated at
drinking water levels permitted by several
countries, particularly in the 200 to 400 ppb range,
and maximum contamination level of azorubine in
50 ppm, and especially under long-term exposures
had significantly toxic effects with references to
total DNA band profiles, octopamine levels,
expressions of antioxidant and HSPs genes. We
suggest that these limits should be revised and rearranged by the results of further studies on
especially mixture of food contaminant chemicals.
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THE EFFECTS OF ARBUSCULAR MYCORRHIZAL FUNGI
(AMF) AND DEFICIT IRRIGATION LEVELS ON YIELD AND
GROWTH PARAMETERS OF THE SILAGE MAIZE (ZEA
MAYS L.)
Oktay Erdogan*, M Cuneyt Bagdatli
Department of Biosystem Engineering, Faculty of Engineering-Architecture, 1HYúHKLU+DFÕ%HNWDú9HOL University, 50300, Turkey

1

64.000 tons. Maize was took in third after wheat
and barley in terms of acreage and production in
cereals in Turkey [1]. Insufficient rainfall and the
irregular distribution arid and semi-arid climates in
regions, constitute a great risk in maize farming and
irrigation brings the most important factors of yield.
The amount of water for agriculture such as
industrial use, urban land use, agricultural use and
pollution is steadily decreasing in the world and
Turkey. We provide the desired water conservation
through the use of traditional irrigation is not
possible. However, by drip irrigation is applied less
water, deep infiltration of fertilizer and other plant
nutrients in the soil washing is minimized and
accordingly, environmental pollution can be
prevented [2, 3]. When applied deficit in the
irrigation due to a lack of water inevitably induced
a little decrease in yield [4]. Kanber et al. [5]
reported that second crop corn seasonal water
consumption 474.2-530.9 mm, the irrigation water
needs vary between 290-427.8 mm. Shaozhong et
al. [6] determined that the increase or decrease of
the yield of maize plant due to variety, rainfall and
the amount of evaporation, soil hydraulic
conductivity, especially deficit irrigation in maize is
causing a decrease in yield on limited water areas,
contrary to increase water use efficiency. In hybrid
corn seeds in different shapes and water stress
conditions in the size of grain yield and some yield
components in order to determine the effects on the
work carried out grain yield, thousand kernel
weight, kernel weight on ear and hectoliter weight
on the water stres topic were found statistically
significant in 2011-2012 years [7]. According to
genotypes, significant differences in quality
properties were found and Inqilab-91, Cham-6,
Adana-99 and Meta-2002 were better than most
traitments under different conditions [8].
Symbiosis between plant roots and
mycorrhizal fungi are available, the most important
AMF, which Glomeromycota phylum in terms of
agricultural production [9]. Mycorrhizal fungi play
a key role in terrestrial ecosystem functioning along
with environmental factors such as climate,
disturbances, food web interactions, mutualism and
ecological history [10]. When the mycorrhizal
infected roots of the plant from the soil minerals
and water more efficiently is to use only [11].

ABSTRACT
A field experiment was conducted to
determine the effect of AMF (Arbuscular
Mycorrhizal Fungi) biofertilizer on yield of growth
of the silage maize plants in deficit irrigation levels.
The experiment was carried out using three
replications in a split plot design with three
different irrigation types as main plots and AMF
biofertilizer (ERS), photosynthesis activator
(Multigreen-Mg), Traditional Fertilization (TFControl), ERS + Mg, ERS + TF and TF + Mg
applied as subplots. Plant height, leaf number, first
ear height, ear weight, stem thickness, fresh root
weight, green herbage yield, crude protein rate and
cellulose rate were evaluated as a yield and growth
criteria in the study. In the experiment, as well as
the treatment x irrigation interaction leaf number,
crude protein rate, cellulose rate properties, the
other studied properties were found to be
significant. As the irrigation water amount
increased, plant height, ear weight and the first ear
height values were increased. Stem thickness and
green herbage yield stood out in I100. Fresh root
weight, on the other hand, was higher in I 30. In I30,
ERS and ERS + Mg treatments were among the top
for stem thickness, fresh root weight, green herbage
yield and first ear height properties.

KEYWORDS:
Zea mays L., deficit
morphological properties

irrigation,

AMF,

yield,

INTRODUCTION
Maize is one of the most important plants
worldwide, because of its high grain and forage
yield. According to 2014 year, silage maize is
planted on 401.591 hectares acreage in Turkey and
18.6 million tons of yield are derived from this
area. While 24.567 hectares of silage maize
cultivation, 1.3 million tons of yield is obtained in
the Central Anatolia Region. 6 % of the Central
$QDWROLD 5HJLRQ RI 1HYúHKLU SURYLQFH ZLWK .346
hectares planting area, responsible for 5 % to
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30 % of irrigation water applied is about I100
irrigation water application; I50: In about 50 % of
irrigation water applied as irrigation water
application (I100), I100: the field capacity enough to
lift irrigation water applications when the 50 % of
the available water holding capacity consumed) and
AMF applications (10 spores g-1) were applied to
maize seed coating (5 g kg-1 seed). Mg twice the
dosage of 2 g L-1 was applied to the leaves, when
fifteen cm-tall plants and including two weeks after
the first application. Fertilizer as 200 kg ha-1 N, 100
kg ha-1 P and 100 kg ha-1 K were applied to the
rows in the form of ammonium nitrate, triple super
phosphate and potassium chloride, respectively
with drip irrigation. Drip irrigation method was
used to irrigate maize during the study. Drip
irrigation system, each plant rows facing a lateral
plan, with 25 cm intervals on the inline-type emitter
16 mm diameter lateral PE plastic flat pipes are
used. Dripper flow rate at 1 atmosphere pressure is
2 L h-1. Following the germination and postemergence period of the plant, drip irrigation
system was laterally applied to the parcels, in
accordance with the principles set forth by Güngör
DQG <ÕOGÕUÕP [13]. Principles set forth by
Doorenbos and Kassam [14] and Güngör and
<ÕOGÕUÕP [13] were used when determining
irrigation time, and water was applied by the help
of equation 1.

Olive-mill wastewater (OMW) contains a variety of
short and longer chained carboxylic acids reported
that the levels of the different acids must be taken
into account when evaluating the toxicity of OMW
[12].
In recent years, drought and water shortages
have already been observed many regions in
Turkey. In this context, the total annual rainfall in
the Central Anatolia Region Nevúehir province is
located in low-arid climates. This is limiting the
amount of water used in agricultural irrigation. To
achieve high efficiency and high quality products is
necessary to know very well the water-production
function. The aim of study, to determinated the
effect of AMF biofertilizer on yield of growth of
the silage maize under deficient irrigation regimes.

MATERIALS AND METHODS
Materials. The silage maize cultivar µAda9516¶ (Maize Research Institute, Sakarya, Turkey)
was used as crop material in the study area. It
matures at 130 days after planting (FAO maturity
group 650). The average harvest moisture is % 1823. Also AMF fungi (Glomus intraradices, G.
mosseae, G. aggregatum, G. clarum, G.
monosporum, G. deserticola, G. brasilianum, G.
etunicatum and Gigaspora margarita) containing
Endo
Roots
Soluble®
and
Multigreen
(Photosynthesis activator) biofertilizer are used.
Endo Roots Soluble® (Novozymes) and Multigreen
were obtained from the Bioglobal company.

(1)
dn: Net irrigation water amount to be applied
in every irrigation(mm); TK: Field capacity (%);
01([LVWLQJPRLVWXUH  Ȗt: Soil bulk density (g
cm-3); D: Effective root depth (mm); P: Percentage
of wetted area (%).
In the study, the irrigation water amount to be
applied was calculated for a 90 cm effective root
depth, but in order to be able to monitor any
possible deep seepages, water consumption values
were calculated, by considering water budget for
120 cm soil depth and using equation 2 [15].

Methods. The study was conducted at a site in
1HYúHKLU province, in the Central Part of Turkey,
and geographic coordinates of 38°44'17.52"N 34°46'20.00"E and 1045 m above sea level. The
soil type in the study area is clay loam and loam,
the soils of study area contain organic material 0.57
% according to soil depth (90 cm). Physical
properties of soil are soil bulk density 1.51 g cm-3
and field capacity 21.76 %, wilting point 9.25 % as
average in all depts (0-30; 30-60 and 60-90 cm). pH
level of the soils is 7.58. There is a semi-arid
climate at the study area and throughout the maize
cultivation period average temperature values were
17.1°C in May, and 26.7°C in August, while from
May to September, the total rainfall has been
recorded as 104.5 mm. Seeds were sown at 5-6 cm
depths using a dibbler in 70 x 15 cm row space on
1th May in 2015 year. Each plot area was 14 m2 and
consisted of 4 rows. Intervals between plots and
blocks were two meters and three meters,
respectively. The experiment was carried out using
three replications in a split plot design with
different irrigation levels as main plots and ERS
biofertilizer (AMF), Mg, TF-Control, ERS + Mg,
ERS + TF and Mg + TF applied as subplots. The
main plots had deficit irrigation levels (I30: In about

ET = I + P + Cp ± Dp rRf r'S

ET: Plant water consumption (mm); I:
Amount of irrigation water applied throughout the
period (mm); P: Precipitation throughout the period
(mm); Cp: Amount of water entering the root area
by capillary elevation (mm); Dp: Deep seepage
losses (mm); Rf: Amountof runoff entering and
exiting trial parcels (mm); 'S: Changes in soil
moisture in the root area (mm).
Based on the irrigation water applied to the
trial subjects, measured plant water consumption
and acquired harvest yields, irrigation water usage
efficieny (IWUE) and water usage performance
(WUE) values were calculated by the use of below
equations 3 [16].
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TABLE 1
Mean squares from the analysis of variance for some morphological and quality parameters of silage
maize.
FEH
EW
ST
Source of
d.f.
PH
LN
(cm plant-1)
(g plant-1)
(cm plant-1)
variation
(cm)
(number plant-1)
Replication
2
211.58
11
112.85
191.25
193.96
Treatments (T)
4
204.3*
10.2ns
105.3*
184.30*
194.46*
Irrigation (I)
2
206.7*
10.8ns
111.9*
189.6*
189.5*
TxI
8
*
ns
*
*
*
Error
15
6,976
1.140
3.794
10.368
4.279
Total
31
GHY
AMF
CPR
CR
Source of
d.f.
FRW
(kg ha-1)
(%)
(%)
(%)
variation
(g plant-1)
Replication
2
118.65
4850.51
18.2
8.59
23.83
Treatments (T)
4
115.6*
4790.1*
15.16*
7.89ns
20.12ns
Irrigation (I)
2
110.8*
4830.3*
14.6*
8.01ns
22.06ns
TxI
8
*
*
*
ns
ns
Error
15
0.673
24.897
4.083
3.460
0.930
Total
31
* Significant at the 0.05 probability level; ns: not significant; PH: plant height; LN: leaf number; FEH: first ear
height; EW: ear weight; ST: stem thickness; FRW: fresh root weight; GHY: gren herbage yield; AMF:
arbuscular mycorrhizal fungi; CPR: crude protein rate; CR: cellulose rate.
RESULTS AND DISCUSSION
IWUE= Y / ETa
WUE= Y / I

(3)

The mean squares values acquired through the
variance analysis made on some morphological and
quality parameters of the study were given in Table
1. As well as the leaf number, crude protein rate and
cellulose rate parameters, subjecting to the treatment
and irrigation, other parameters were found
significant to the level of 95 %. Treatment x
irrigation interaction was determined to be
significant to the level of 95 % in the plant height,
first ear height, ear weight, stem thickness, fresh root
weight, green herbage yield and AMF colonization
parameters (Table 1). The findings of the study were
in same to those of Celebi et al. [25] and Karasu et
al. [26, 27].
Average values of the effects of some
morphologic parameters of different irrigation and
treatments were summarized in Table 2. In I100, the
highest PH was in ERS + TF (233.6 cm), the lowest
PH was in ERS (206.4 cm); In I50, the highest PH
was in ERS + TF (223.9 cm), TF + Mg (219.7 cm),
TF-control (216.5 cm) treatments, the lowest PH was
in ERS (199.9 cm); and in I30, the highest PH was in
TF (224.3 cm), and the lowest PH was again in ERS
(76.5 cm). FEH was highest in highest I100 irrigation
subject in ERS + TF (134.5 cm), TF + Mg (130.5
cm) and TF-control (129.7 cm) treatments and
statistically placed in the same group, while in I50,
ERS + TF (124.7 cm) and in I30, treatments other
than ERS + TF were statistically placed in the same
group. In terms of EW, in I100 and I50 irrigation topics
ERS+TF (233.5 g, 209.3 g) were placed among the
top, while in I30, TF (227.4 g) was ranked first. In I100
lowest value was in ERS + Mg (197.5 g), while in I50

IWUE: Irrigation water usage efficiency (kg
m-3); WUE: Water usage efficiency (kg m-3);
Y: Harvest yield measured from the trial subjects
where irrigation water has been applied (kg ha-1); I:
Amount of irrigation water applied (mm); ET a:
Evapotranspiration (mm).
The harvest was carried out during milk
production period on the 3st of September in 2015
year. The edge of a row of each plot, one meter by
removing the head and the end of the parcel, a total
of ten plants two rows in the middle of plot were
cut five cm above the soil level. In this study, such
as plant height (cm), leaf number (number plant-1),
first ear height (cm plant-1), ear weight (g plant-1),
stem thickness (cm plant-1), fresh root weight (g
plant-1), green herbage yield (kg ha-1), crude protein
rate (%), cellulose rate were examined [17, 18, 19,
20, 21, 22]. Random ten plants in the AMF
inoculated plots were removed and dried after
harvesting, then roots were dyed to detect AMF
presence, and the percentage of mycorrhizal
colonization was estimated applying the Grid Line
Intersect Method [23]. Data collected on different
parameters were analysed statistically by using
JMP statistical software program (5.0.1, SAS
Institute, Cary, NC) for analysis of variance and
means were compared using )LVKHU¶V SURWHFWHG
least significance difference (LSD) test at 5 %
probability level [24].
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TABLE 2
Average values of the effects of different irrigation and treatments on some morphological parameters of
silage maize.

Treatments
/ Irrigation
ERS
ERS+Mg
ERS+TF
TF+Mg
TF-control
Mean

I100

PH (cm)
I50

I30

206.4c
199.9c 176.5b
211.6bc 208.5b 182.0b
233.6a
223.9a 211.2ab
230.9a
219.7a 202.9ab
225.9ab 216.5a 224.3a
221.7
213.7
199.4
FRW (g plant-1)
I100
I50
I30

I100

EW (g plant-1)
I50
I30

215.3ab 156.9c
107.1d
197.5b
192.4b
124.4cd
233.5a
209.3a
161.9bc
232.6a
203.9ab 188.0ab
213.6ab 205.0ab 227.4a
218.5
193.5
161.8
GHY (kg ha-1)
I100
I50
I30

I100

ST (cm plant-1)
I50
I30

159.4c 174.5c
202.1a
177.1b 191.4b
201.1a
208.6a 201.1a
177.5b
207.7a 204.9a
188.1ab
210.6a 207.3a
198.1a
192.7
195.8
193.4
FEH (cm plant-1)
I100
I50
I30

Treatments
/ Irrigation
ERS
124.2b
154.9a 220.3a
3120.1b 3830.4b 4760.5a 85.7b
101.9c
108.5a
ERS+Mg
130.9a
151.1b 198.6b
3150.3b 4970.2a 5340.0a 94.6b
106.8c
109.9a
ERS+TF
93.0c
112.1c 171.6c
6060.5a 5160.9a 4100.4b 134.5a 124.7a
107.5b
TF+Mg
92.2c
81.9d
61.0ld
5920.6a 5190.3a 4750.9a 130.5a 122.9ab 108.7a
TF-control
83.0d
63.6e
41.6e
5880.5a 5430.7a 5100.4a 129.7a 116.3b
110.6a
Mean
104.7
112.7
138.6
4826.4
4916.5
4810.4
115.0
114.5
109.0
Means within column for each experiment by the same latter (s) are not significantly different according to
Duncan Multiple Tests (P < 0.05); PH: plant height; EW: ear weight; ST: stem thickness; FRW: fresh root
weight; GHY: gren herbage yield; FEH: first ear height.
treatments, and researchers who were conducted
similar studies were reported that in maize plant, in
direct proportion to the amount of water applied,
there is a change in ST, and in limited irrigation
topics, ST was lower when compared to full
irrigation topic [27, 30, 31]. In I30, the highest ST
was observed in ERS (202.1 cm), and the results
displayed similarities with those of Çetinkaya and
Dura [32]. FRW values varied depending on the
irrigation topics, the highest FRW was observed in
I30 in ERS (220.3 g), while the lowest FRW value
was found in TF-control (41.6 g). GHY and FEH
values varied depending on the irrigation topics, and
the highest GHY was observed in I100 in ERS + TF
(6060.5 kg ha-1), while the lowest GHY was
observed in I100 in ERS (3120.1 kg ha-1). Similarly,
the highest FEH was observed in ERS + TF (134.5
cm), while the lowest FEH value was observed in
ERS (85.7 cm). In the study, GHY and FEH values
in limited irrigation topics were defined to be lower
than full irrigation topic. Authors were reported that
in maize plant the highest GHY has been acquired in
full irrigation topic, while the lowest GHY has been
observed in limited irrigation topic [7, 27, 29, 33,
34]. In I30, ERS, other than PH and EW
characteristics, ST, FRW, GHY and FEH values
were observed to be high. Similarly, silage yield,
stem ratio and leaf ratio in maize plants with
mycorrhiza application were increased when
compared to those plants without mycorrhiza
application in all irrigation topics [25]. Çetinkaya
and Dura [32] reported that grain yield and stem
yield of maize were positively affected by

and I30 irrigation topics, it was observed in ERS
(156.9 g, 107.1 g).
The thickest ST in all irrigation topics was
observed in TF control (210.6 cm, 207.3 cm, 198.1
cm), while the thinnest ST in I100 and I50 irrigation
topics was in ERS (159.4 cm, 174.5 cm), and in I30,
it was in ERS + TF (177.5 cm). The highest FRW in
I100 was observed in ERS + Mg (130.9 g), and in I50
and I30 topics, it was observed in ERS (154.9 g, 220.3
g), while the lowest FRW in all irrigation topics has
been observed in TF (83.0 g, 63.6 g, 41.6 g). In I100,
ERS + TF (6060.5 kg ha-1), TF + Mg (5920.6 kg ha1
) and TF-control (5880.5 kg ha-1) provided the
highest GHY, and these treatments were placed
statistically in the same group. In I50, the highest
GHY was observed in TF (5430.7 kg ha-1), TF + Mg
(5190.3 kg ha-1), ERS + TF(5160.9 kg ha-1) and ERS
+ Mg (4970.2 kg ha-1) and these treatments were
placed statistically in the same group. In I30, ERS +
Mg (5340.0 kg ha-1), TF-control (5100.0 kg ha-1),
ERS (4760.5 kg ha-1) and TF + Mg (475.9 kg ha-1)
treatments were placed in first place in terms of
GHY and statistically in the same group. In this
study, the highest PH was observed in I100 irrigation
topic, while the lowest PH was observed in I30
irrigation topic and ERS, and in other similar studies,
the highest PH was observed in full irrigation topic,
while the the the the lowest PH was found in limited
irrigation topic [25, 26, 28, 29]. The EW and ST
values acquired in the study were in direct proportion
to the different irrigation water amounts applied and
the highest were observed in I100 ERS + TF (233.5
g/208.6 cm) and TF-control (232.6 g/207.7 cm)
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TABLE 3
Rates of AMF colonization (%) in the silage maize roots at experiment topics.
AMF colonization (%)
I100
I50
ERS
26.4a
34.3a
ERS+Mg
24.8b
31.6b
ERS+TF
20.5c
27.8c
TF+Mg
0.27d
0.17d
TF-control
0.23d
0.27d
Mean
14.44
18.83
Means within column for each experiment by the same latter (s) are not significantly different
Duncan Multiple Tests (P < 0.05); AMF: arbuscular mycorrhizal fungi.
Treatments/ Irrigation

I30
39.7a
35.8b
30.4d
0.23d
0.30c
19.29
according to

TABLE 4
Green herbage yield, total irrigation water applied, irrigation water use efficiency, water use efficiency,
Evapotranspiration for maize under different irrigation treatments.
Total Irrigation Water applied
ETa
Green herbage yield
WUE
(mm)
(kg ha-1)
(mm)
(kg m-3)
I100
4820.64
408
464
1.18
I50
4910.65
279
335
1.76
I30
4810.04
156
212
3.08
ETa: evapotranspiration; IWUE: irrigation water usage efficiency, WUE: water usage performance.
Irrigation

decreasing
order
nickel>zinc>manganese>
copper>lead>chromium, respectively [38].
Irrigation topic based total water amount,
evapotranspiration, water use efficiency and green
herbage yield values were given in Table 4. The
highest WUE was observed in I30 (3.08 kg m-3), and
the lowest WUE was observed in I100 (1.18 kg m-3).
While the highest IWUE was acquired in I30 (2.27
kg m-3), the lowest IWUE was acquired in I100 (1.04
kg m-3). The IWUE ranged between 1.04-2.27 kg
m-3, and similarly, Howell et al. [39] reported that
the IWUE value as 1.51-2.48 kg m-3 .XúFX DQG
Demir [40] reported that the IWUE value as higher
than 1.62 kg m-3 and Karasu et al. [25] reported that
the IWUE value as 1.11-1.72 kg m-3. At the end of
the study, results related to water use efficiency
displayed similarities to findings from other studies,
however it should not be ignored that water usage
efficiency may be affected by soil, climate and the
employed irrigation method.

mycorrhiza application; and Zhang et al. [35],
reported applying mycorrhiza to maize plant
increased the PH and dry matter amount. In contrast
to the findings acquired in relation to mycorrhiza,
Sylvia et al. [36] were reported that irrigation was
positive effects on GHY and total weight in maize
plants with mycorrhiza and without mycorrhiza.
Barutçular et al. [37] reported that the SPAD (Soil
Plant Analysis Development) values of the 16
genotypes showed different responses to drought
and heat stresses. The SPAD values generally
decreased under environment stresses. Temperature
was the strongest effect on SPAD values. The
relationship between SPAD values and grain yield
was stronger in the cool environments.
The average values of irrigation and treatment
WRSLFV LQ PDL]H URRWV WR $0)¶V FRORQL]DWLRQ UDWLRV
were given in Table 3. In terms of mycorrhiza
colonization ratio, ERS was ranked first in all
irrigation subjects, while the highest mycorrhiza
colonization was observed in I30 irrigation topic
(39.7 %). ERS was followed by ERS + Mg (35.8
%). As expected, the lowest mycorrhiza
colonization ratio in all irrigation topics was
observed in TF-control treatment, while the highest
mycorrhiza colonization ratio were respectively
observed in I30 and I50 irrigation topics. In similar
studies, it was reported that mycorrhiza
colonization ratio varied in irrigation subjects, it
was higher in limited irrigation conditions and
under arid conditions, it was associated with
shortening of plant height in maize plants with
AMF [24, 31, 34]. The average accumulation of
trace elements in maize grown in nickel
contaminated soil were determined to follow the

CONCLUSION
In addition to LN, CPR, CR characteristics,
treatment x irrigation interaction was found to be
significant to the level of 95 % in PH, FEH, EW, ST,
FRW, GHY and AMF colonization characteristics.
As the amount of applied irrigation water increased,
it was observed that PH, EW and FEH average
values were also increased. By the way, it should not
be forgotten that for maize, PH is a hereditary
characteristic that is affected by the environment and
breeding method. Despite the fact that in all
irrigation topics ST and GHY average values were
2952



IWUE
(kg m-3)
1.04
1.46
2.27
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[4] Biber, Ç. and Kara, T. (2006). Evaporatranspiration and restricted irrigation applications of corn. J Agri. Fac. OnGRNX] 0D\ÕV
Univ., 21(1), 140-146.
[5] Kanber, R., Yazar, A. and Eylen, M. (1990).
Water-yield relationship of second crop maize
growing after wheat under Cukurova
conditions. Tarsus District Soil Res. Institute
Edition Number: 173/108, Tarsus, pp. 93. (in
Turkish)
[6] Shaozhong, K., Wenjuan, S. and Jianhua, Z.
(2000). An improved water-use efficiency for
maize grown under regulated deficit irrigation.
Field Crops Res., 67(3), 207-214.
[7] Gönülal, E., Güngör, H. and Soylu, S. (2015).
Effect of seed sizes and shapes with restricted
Irrigation on grain yield and some parameters
of maize (Zea mays L.). J Agri. Fac.
Gaziosmanpasa Univ., 32(2), 24-31.
[8] Barutçular, & <ÕOGÕUÕP 0 .Ro 0 'L]OHN
H., Akinci, C., El Sabagh, Saneoka, H., Ueda,
A., Islam, M.S., 7RSWDú , $OED\UDN 2 and
7DQUÕNXOX A.
(2016). Quality
traits
performance of bread wheat genotypes under
drought and heat stress conditions. Fresen.
Environ. Bull., 25(12a), 6159-6165.
[9] Schussler, A., Schwarzott, D. and Walker, C.
(2001). A new fungal phylum, The
glomeromycota: phylogeny and evolution.
Mycology Res., 105, 1413-1421.
[10] Wardle, D.A., Van der Putten, W.H. (2002).
Biodiversity, ecosystem functioning and
above-ground- below-ground linkages. In: M.
Loreau, S. Naeem and P. Inchausti (eds.),
biodiversity and ecosystem functioning:
synthesis and perspectives. Academic Press,
New York, pp. 155-168.
[11] Entry, J.A., Rygiewicz, P.T., Watrud, L.S. and
Donelly, P.K. (2002). Influence of adverse soil
conditions on the formation and function of
arbuscular mycorrhizas. Adv. Environ. Res., 7,
123-138.
[12] Kistner, T., Nitz, G. and Schnitzler, W.H.
(2004). Phytotoxic effects of some compounds
of olive mill wastewater (OMW). Fresen.
Environ. Bull., 13(11b), 1371-1372.
[13] Güngör, Y. and <ÕOGÕUÕP 2   )LHOG
irrigation systems. Ankara Univ., Fac. of Agri.
Press, 1155, Ankara, pp. 371. (in Turkish)
[14] Doorenbos, J. and Kassam, A.H. (1979). Yield
response to water. Rome: United Nations Food
and Agriculture Organization. Publication No.
33, pp. 193.
[15] Walker, W.R. and Skogerboe, G.V. (1987).
Surface irrigation. teory and practice. PrenticeHall, Englewood Cliffs, New Jersey, pp. 375.
[16] Zhang, H., Wang, X., You, M. and Liu, C.
(1999). Water̽yield relations and water use
efficiency winter wheat in the North China
Plain. Irrigation Sci., 19(1), 37-45.

close to each other, full irrigation topic (I100) was
prominent. Among the studied characteristics, FRW
average values were found to be higher in I30
irrigation topic when compared to other irrigation
topics. When we consider the fact that the total
annual rainfall in the study area of 1HYúHKLUSURYLQFH
is low (423 mm), limited irrigation topics applied at
lower levels than the field capacity may not be able
to ensure the washing required for salt balance. In
this sense, limited irrigation applications should also
consider the washing water requirement. The highest
WUE and IWUE values were determined observed
in I30 irrigation topic, while the IWUE values may
differ depending on the soil, climate and irrigation
methods. ERS treatment ranked last in all
characteristics examined under full irrigation topic,
while in I30 irrigation topic, ST, FRW, GHY and
FEH characteristics, ERS and ERS + Mg treatments
were statistically placed in the same group with other
treatments. As expected, under limited irrigation (I30)
condition where the plant is under stress, ERS was
followed by mycorrhizal colonization in the roots of
the maize plant and with the photosynthesis
DFWLYDWRU¶V (56 + Mg) effect, applied from the
leaves of the plants with AMF, ST and GHY
parameters provided better results than the other
treatments, and these parameters are important in
silage maize. In conclusion; it was determined that as
long as the water resources are sufficient in maize
cultivation, limited irrigation applications must be
avoided, but in case of possible drought and
insufficient water resource conditions in the world
and in Turkey, limited irrigation and ERS and ERS +
Mg applications may provide successful results. In
addition, the acquired findings will shed light to
plant breeders and agronomists in their studies.
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'<1$0,&3523(57,(62)7:2&20321(17
3$57,&/(6,1'(16(*$662/,')/8,',=('%('
)HLKRQJ*XR=KDRSLQJ=KRQJ =H\X:DQJ;LQJZDQJ;LH
.H\/DERUDWRU\RI(QHUJ\7KHUPDO&RQYHUVLRQDQG&RQWURORIWKH0LQLVWU\RI(GXFDWLRQ6FKRRORI(QHUJ\DQG(QYLURQPHQW6RXWKHDVW
8QLYHUVLW\1DQMLQJ-LDQJVX&KLQD

WKHIOXLGL]DWLRQEHKDYLRUVRIELQDU\PL[WXUHVRIELRPDVV DQG TXDUW] VDQG LQ EXEEOLQJ IOXLGL]HG EHG
+LOEHUW+XDQJ WUDQVIRUPDWLRQ ZDV XVHG E\ DQDO\]LQJWKHSUHVVXUHIOXFWXDWLRQVLJQDOV>@7KHG\QDPLF
FKDUDFWHULVWLFV RI WZRFRPSRQHQW KDYH EHHQ
UHVHDUFKHG IURP WKH DVSHFW RI WLPH GRPDLQ IUHTXHQF\ GRPDLQ DQG SKDVHVSDFH VWUXFWXUH E\
QRQOLQHDU DQDO\VLV PHWKRG> @+RZHYHU PDQ\
G\QDPLF SDUDPHWHUV DVVXPH WKDW WKH WLPH VHULHV LV
PXFKORQJHU5HFXUUHQFHSORWV 536 LVDQHIIHFWLYH
DQDO\VLVZD\IRUVKRUWHUWLPHVHULHVDQGOHVVFRPSXWLQJ WLPH WKDQ RWKHU PHWKRGV>@It was LQWURGXFHG ILUVW E\ (FNPDQQ HW DO >@ WR REVHUYH WKH
UHFXUUHQFHV =ELOXW DQG :HEEHU> @GHYHORSHG
WKHUHFXUUHQFHTXDQWLILFDWLRQDQDO\VLV 54$ WRH[WUDFW TXDQWLWDWLYH LQIRUPDWLRQ IURP UHFXUVLYH SORWV
%DEDHLHWDO>@LQYHVWLJDWHGWKH K\GURG\QDPLFVRI
JDVVROLG EXEEOLQJ IOXLGL]DWLRQ XVLQJ 536>@ ,Q
/ORS¶V SDSHU>@ WKH SUHVVXUH VLJQDOV RI JDVVROLG
IOXLGL]DWLRQ ZHUH DQDO\]HG E\ 536 DQG
54$>@5HFXUUHQFH UDWH 55  ZDV HPSOR\HG WR
UHVHDUFKSUHVVXUHIOXFWXDWLRQVLJQDOVDQGWKHUHVXOWV
ZHUHFRQILUPHGE\))7DQDO\VLV>@
,Q WKLV SDSHU SUHVVXUH VLJQDOV ZHUH REWDLQHG
IURP WKH H[SHULPHQW RI F\OLQGULFDO ELRPDVV DQG
TXDUW]VDQGDQGWKHFKDUDFWHULVWLFSDUDPHWHUVZHUH
GHWHUPLQHGIURPUHFXUVLYHDQDO\VLV2XUDLPKHUHLV
WRXQGHUVWDQGWKHG\QDPLFSURSHUWLHVRIWZRFRPSRQHQWSDUWLFOHVLQIOXLGL]HGEHGDQGWKH PHFKDQLVPV
WKDW FDXVH DJJORPHUDWLQJ DQG EULGJLQJ DUH IXUWKHU
VWXGLHG

ABSTRACT
RHFXUUHQFHSORWVDQGUHFXUUHQFHTXDQWLILFDWLRQ
were used to analyze pressure fluctuation signals LQ
DGHQVH JDVVROLGIOXLGL]HGEHG. 3DUDPHWHUVLQFOXGLQJGHWHUPLQLVP 4'(7 DYHUDJHGLDJRQDOOLQHOHQJWK
4/  DQG ODPLQDULW\ 4/$0  ZHUH GHWHUPLQHG IURP
WKHUHFXUUHQFHSORW&RPSDUDWLYHDQDO\VLVRIWKHIORZ
LPDJHVDQGSDUDPHWHUVZDVSHUIRUPHG7KHEXEEOHV
EHFRPH ODUJHUDQGWKHFKDRWLFFKDUDFWHULVWLFLQWKH
IOXLGL]HGEHGVWUHQJWKHQVZLWKLQFUHDVLQJJDVYHORFLW\7KHELRPDVVSDUWLFOHVDUHSUHIHUHQWLDOO\EORZQWR
WKHXSSHUOD\HUDQGPL[HGZLWKTXDUW]VDQGDWKLJK
JDVVSHHG/DUJHEXEEOHVLQWKHIOXLGL]HGWKHEHGFDQ
EHHDVLO\EURNHQE\ELRPDVVSDUWLFOHVZLWKLQFUHDVLQJELRPDVVFRQFHQWUDWLRQ7KHSUHVHQFHDQGPRYHPHQWRIODUJHF\OLQGULFDOELRPDVVOHDGWRGHFUHDVHG
EXEEOHVL]HXQLIRUPHQHUJ\DQGUHGXFHG4'(74/
DQG4/$07KHPLQLPXPIOXLGL]DWLRQYHORFLW\RIWKH
PL[HG IORZ RI TXDUW] VDQG DQG ELRPDVV LV PV
7KH SUHVVXUH GURS LQFUHDVHV ZLWK LQFUHDVLQJ EHG
KHLJKWDQGLVQRWUHODWHGWRELRPDVVFRQFHQWUDWLRQ
.(<:25'6
5HFXUVLYH SORWV UHFXUUHQFH TXDQWLILFDWLRQ DQDO\VLV
SUHVVXUHIOXFWXDWLRQVLJQDOVF\OLQGULFDOELRPDVV

INTRODUCTION
'HQVHJDVVROLGIOXLGL]HGEHGKDVEHHQZLGHO\
XVHGLQFKHPLFDOHQJLQHHULQJDQGHQHUJ\FRQYHUVDWLRQ>@,QLQGXVWULDOHQJLQHHULQJPRVWRIELRPDVV
SDUWLFOHV DUH ODUJHU DQG F\OLQGHUVKDSHG 7KH
IOXLGL]DWLRQRIF\OLQGULFDOELRPDVVDQGEHGPDUWLDOLV
PRUH FRPSOH[ > @6WXGLHV RQ WKH IOXLGG\QDPLF
EHKDYLRUVRIQRQVSKHULFDOSDUWLFOHVKDYHEHHQSHUIRUPHG ZRUOGZLGH EXW WKH IXOO NQRZOHGJH RQ WKH
FRPSOH[ IORZ SURSHUWLHV DUH VWLOO ODFNLQJ>@7KH
VWXG\ EDVHG RQ SUHVVXUH IOXFWXDWLRQ VLJQDOV KDV DWWUDFWHG FRQVLGHUDEOH DWWHQWLRQV> @ EHFDXVH WKH
PHDVXUHPHQW RI SUHVVXUH VLJQDO LV FRQYHQLHQW DQG
UHODWLYHO\FKHDS>@3UHVVXUHIOXFWXDWLRQVLJQDOVDUH
SULPDULO\FDXVHGE\EXEEOHV¶IRUPDWLRQDQGFRDOHVFHQFHUHIOHFWLQJWKHPRYHPHQWRISDUWLFOHVDQGWKH
EHKDYLRURIEXEEOHV>@Si and Guo >@LQYHVWLJDWHG

MATERIALS AND METHODS
([SHULPHQWDO V\VWHP 7KH VFKHPDWLF RI WKH
H[SHULPHQWDO VHWXS LV VKRZQ LQ )LJ 7KH VHWXS
PDLQO\ FRQWDLQV IRXU SDUWV QDPHO\ IOXLGL]HG EHG
JDV V\VWHP PHDVXUHPHQW V\VWHP DQG LPDJH
DFTXLVLWLRQV\VWHP7KHIOXLGL]HGEHGLVPDGHRIRUJDQLF JODVV DQG KDV D KHLJKW RI PP3UHVVXUH
PHDVXULQJSRLQWVDUHDUUDQJHGDWGLIIHUHQWKHLJKWVRI
WKHEHGZDOODQGZLQGFKDPEHU)OXLGL]LQJDLULVVXSSOLHGIURPURRWEORZHUDQGDGMXVWHGE\DURWDPHWHU
3UHVVXUHVLJQDOVZHUHPHDVXUHGE\DSUHVVXUHVHQVRU
WUDQVIHUUHGWR DGDWD FROOHFWRU DQGHQWHUHGLQWRWKH
FRPSXWHU IRU DQDO\VLV 7KH IUHTXHQF\ IRU HDFK
PHDVXUHPHQWZDVVHWDV+]DQGPRUHWKDQ
2956
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WKH GLVWDQFHLVOHVVWKDQWKH SUHGHILQHGFXWRIIGLVWDQFH İ  7KH PDWKHPDWLFDO H[SUHVVLRQ RI P
GLPHQVLRQDOSKDVHVSDFHLQ536LV
Rim, j 4 H  X i  X j , i, j 1, 2,..., N              

GDWDZHUHFROOHFWHGHDFKWLPH7KHPRWLRQRIWKHEHG
SDUWLFOHVZDVUHFRUGHGE\DKLJKVSHHGFDPHUDWRREVHUYH WKH IORZ SURSHUWLHV RI ELRPDVV SDUWLFOHV DQG
TXDUW]VDQG
7KH ZHLJKW SHUFHQWDJH RI ELRPDVV LV GHVLJQDWHGDVZDQGWKHKHLJKWRISDUWLFOHV ELRPDVVDQG
TXDUW]VDQG LQWKHIOXLGL]HGEHGLV+7KHSHUFHQWDJH
RIELRPDVVUDQJHVIURPWR%LRPDVVSDUWLFOHVDQGTXDUW]VDQGDUHVKRZQLQ)LJ4XDUW]VDQG
H[KLELWVDGHQVLW\RIJFPDQGDQDYHUDJHVL]H
RIPP7KHF\OLQGULFDOELRPDVVSDUWLFOHVIHDWXUH
DOHQJWKRIPPDGLDPHWHURIPPDQGDVPDOO
GHQVLW\RIJFP

ZKHUH Ĭ   LV WKH +HDYLVLGH IXQFWLRQ H[SUHVVHG DV
IROORZV
4 x

1, x t 0                             
®
¯0, x  0

536FDQEHFODVVLILHGEDVHGRQWH[WXUHIHDWXUHV
LQWRIRXUFDWHJRULHV)LJDSUHVHQWVDXQLIRUPVWUXFWXUHIURPUDQGRPVLJQDOVWKHVWUXFWXUHFRQVLVWVRID
GLDJRQDOOLQHDQGDVPDOOQXPEHURILVRODWHGSRLQWV
)LJ E VKRZV D SHULRGLF VWUXFWXUH REWDLQHG E\
VLQXVRLGDOVLJQDOVWKHVWUXFWXUHH[KLELWVDFOHDUWUHQG
RIWKHPDLQGLDJRQDOOLQH7KHWH[WXUHLVJULGVKDSH
EHFDXVHVLQXVRLGDOVLJQDOVDUHVWULFWO\SHULRGLF)LJ
F VKRZV WKDW WKH GULIW VWUXFWXUH H[WHQGV IURP WKH
FHQWHURIWKHPDLQGLDJRQDOOLQHDQGLVPDLQO\FDXVHG
E\WKHVORZYDULDWLRQLQWKHSDUDPHWHUVRIWKHV\VWHP
)LJGLQGLFDWHVDPXWDWLRQVWUXFWXUHLQZKLFKKDV
ODUJHEODFNDQGZKLWHDUHDDQGLVGXHWRWKHVXGGHQ
FKDQJHRIWKHV\VWHP

0HWKRGV. 5HFXUVLYH SORWV 536  LV DQ LPSRUWDQWWRROXVHGWRDQDO\]HQRQOLQHDUWLPHVHULHVIRU
LGHQWLI\LQJ WKH LQWHUQDO VWUXFWXUH DQG G\QDPLF
SURSHUWLHV RI ' LPDJHV 7KH UHFRQVWUXFWHG SKDVH
VSDFHLVUHIOHFWHGLQWKH'SODQHDQGWKHEODFNGRWV
UHSUHVHQWWKHUHFXUVLYHVWDWHRIWKHV\VWHP
1RWZRLGHQWLFDOVWDWHVH[LVWLQDFWXDOG\QDPLF
V\VWHPV5HFXUUHQFHUHIHUVWRWKHVWDWHRI;MWR;LDQG

),*85(
6FKHPDWLFGLDJUDPRIWKHH[SHULPHQWDOGHYLFH
5RRWVEORZHUFRQWUROYDOYHE\SDVVYDOYHURWDPHWHUDLUGLVWULEXWRUSODWHEXEEOLQJEHG
VZLWFKSUHVVXUHVHQVRU86%GDWDFROOHFWRUFRPSXWRUURXWHUKLJKVSHHGFDPHUD

),*85(
%HGSDUWLFOHVLQH[SHULPHQW D F\OLQGULFDOELRPDVV E TXDUW]VDQG
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),*85(
'LIIHUHQWNLQGVRIUHFXUUHQFHSORWV

D

E
F
),*85(
)ORZUHJLPHVRIF\OLQGULFDOELRPDVVDQGTXDUW]VDQG Z   D Y PV E Y PV F Y PV
N 1

Recurrence quantitative analysis (RQA) is a
method used to quantify recurrence based on the
distribution of basic graph dots and segments. The
major RQA factors used in this experiment are defined as follows:
'HWHUPLQLVP 4'(7  WKH SHUFHQWDJH RI UHFXUUHQFHSRLQWVDORQJWKHGLDJRQDOOLQH
N -1
¦ l u p(l )                            
DET

QLAM

¦ vP

v

¦vP

v

 

l lmin
N
l 1

ZKHUH3 Y LVWKHSUREDELOLW\RIWKHOHQJWKYRIWKH
YHUWLFDOOLQHV DQGYPLQLVWKH PLQLPDOOHQJWKRI WKH
YHUWLFDOOLQHDQGLVJHQHUDOO\

l lmin
N

RESULTS AND DISCUSSION

¦R

i, j

i, j 1

$QDO\VLVRIIORZLPDJHV7KHIORZLPDJHVRI
WKHIOXLGL]HGEHGDUHFROOHFWHGE\DKLJKVSHHGFDPHUD )LJ 7KHLQLWLDOEHGKHLJKWLVPPDQGWKH
EHGSDUWLFOHVVWDUWWRIORZDWPV7KHEHGFRQWDLQV
IHZVPDOOEXEEOHV$WWKLVIORZVSHHGWKHPD[LPXP
IORZ KHLJKW LV PP DQG WKH F\OLQGULFDO ELRPDVV
SDUWLFOHVDUHPDLQO\ORFDWHGLQWKHXSSHUSDUWRIWKH
TXDUW] VDQG :KHQ WKH JDV YHORFLW\ LV PV WKH
KHLJKWRIWKHIOXLGL]HGSDUWLFOHVLQFUHDVHVWRPP
DQG WKH EHG FRQWDLQV PDQ\ ODUJH EXEEOHV $W WKH
VXSHUILFLDODLUVSHHGRIPVWKHPDWHULDOSDUWLFOHV
UHDFKWKHKHLJKWRIPPDQGPL[LQJLQWKHEHGLV
LQWHQVLILHG/DUJHELRPDVVSDUWLFOHVIDOOEDFNWRWKH

ZKHUH 3 O LVWKH SUREDELOLW\ RIWKH OHQJWK ORIWKH
GLDJRQDOOLQHVDQGOPLQLVWKHPLQLPXPOHQJWKRIWKH
DQDO\WLFDOGLDJRQDODQGLVJHQHUDOO\
$YHUDJHGLDJRQDOOLQHOHQJWK 4/ WKHDYHUDJH
SHULRG RI WKH V\VWHP LV UHSUHVHQWHG E\ WKH DYHUDJH
OHQJWKRIWKHGLDJRQDOOLQH
N 1

¦ l  p(l )                            

L

l lmin
N 1

¦



p (l )

l lmin

/DPLQDULW\ 4/$0  WKH SHUFHQWDJH RI UHFXUUHQFHSRLQWVLQWKHYHUWLFDOOLQH
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TXDUW] VDQG LQFUHDVHV DQG WKH EXEEOHV FKDQJH
GUDPDWLFDOO\ 7KH GLDJUDP DOVR LQGLFDWHV WKDW WKH
SUHVVXUHGURSLQFUHDVHVZLWKLQFUHDVLQJEHGKHLJKW
7KH SUHVVXUH GURS YDOXHV DUH  3D DW WKH EHG
KHLJKWRIPPDQG3DDWWKHEHGKHLJKWRI
PP
$VVKRZQLQ)LJWKH PDVVIUDFWLRQRIELRPDVVPLQLPDOO\DIIHFWVWKHSUHVVXUHGURS:KHQWKH
JDV YHORFLW\ LV KLJKHU WKDQ  PV WKH IORZ VWDWH
FKDQJHVIURPWKHEXEEOLQJEHGWRWKHWXUEXOHQWEHG
DQGWKHSUHVVXUHGURSVOLJKWO\GHFUHDVHVE\DERXW
3D7KH SUHVVXUH IOXFWXDWLRQLQWKH IOXLGL]HGEHGLV
LQIOXHQFHGE\SDUWLFOHVDQGEXEEOHV$WD KLJKELRPDVVFRQFHQWUDWLRQ Z  WKHELRPDVVSDUWLFOHV
SOD\DQLPSRUWDQWUROHLQLQFUHDVLQJWKHZHLJKWRIWKH
EHGPDWHULDODQGWKHJDVVROLGGUDJIRUFH7KXVWKH
SUHVVXUH GURS LV VOLJKWO\ ODUJHU WKDQ WKH IORZ RI
TXDUW]VDQG$WDORZSURSRUWLRQRIELRPDVV Z  
WKHIRUPDWLRQDQGDJJUHJDWLRQRIWKHEXEEOHVSOD\DQ
LPSRUWDQW UROH DQG GR QRW FRQVLGHUDEO\ FKDQJH ,Q
JHQHUDOWKHHIIHFWRIWKHDGGLWLRQRIELRPDVVRQWKH
SUHVVXUH IOXFWXDWLRQ LV OLPLWHG XQOHVV WKH DGGHG
DPRXQWLVODUJH

PLGGOH RU ERWWRP RI WKH IOXLGL]HG EHG WKHUHE\
LQFUHDVLQJWKHQXPEHURIVPDOOEXEEOHV
,QVXPPDU\WKHIOXLGL]HGEHGFRQWDLQVELJEXEEOHVDWKLJKJDVYHORFLW\$VWKHJDVVSHHGLVVPDOO
ELRPDVVSDUWLFOHVDUHPDLQO\GLVWULEXWHGLQWKHXSSHU
SDUWRIWKHTXDUW]VDQG3DUWLFOHPL[LQJLVLQWHQVLILHG
ZLWKLQFUHDVLQJJDVVSHHG7KHELRPDVVSDUWLFOHVHDVLO\IDOOGRZQDQGDUHTXLFNO\EURXJKWLQWRWKHXSSHU
VSDFHLQWKHIOXLGL]HGEHG$VWKHELRPDVVFRQFHQWUDWLRQLQFUHDVHV )LJ ODUJHEXEEOHVLQWKHEHGFDQ
EHHDVLO\EURNHQE\WKHELRPDVVSDUWLFOHVPRUHRYHU
VPDOOEXEEOHVDUHIRXQGDURXQGWKHELRPDVVSDUWLFOHV
2QWKHRQH KDQGODUJHELRPDVVSDUWLFOHVEORFNWKH
IDOORIWKHTXDUW]VDQG2QWKHRWKHUKDQGWKHULVLQJ
VSHHGRIWKHELRPDVVSDUWLFOHVLVIDVWHUWKDQWKDWRI
WKHVXUURXQGLQJTXDUW]VDQG7KHXSSHUOD\HURIWKH
TXDUW] VDQG UHFHLYHV H[WUXVLRQ DQG PRYHV GRZQ
DURXQG WKH ELRPDVV OHDGLQJ WR WKH IRUPDWLRQ RI
VPDOOEXEEOHV
3UHVVXUH GURS DQG JDV YHORFLW\ $ FHUWDLQ
UHODWLRQVKLSH[LVWVEHWZHHQJDVYHORFLW\DQGSUHVVXUH
GURS ǻ3 DQGLVDOZD\VXVHGWRGHWHUPLQHWKHPLQLPXP IOXLGL]DWLRQ YHORFLW\ YPI  )LUVW WKH SUHVVXUH
GURS LQFUHDVHV OLQHDUO\ ZLWK JDV YHORFLW\ DQG WKHQ
IDLOVWRULVHWKHKLJKHVWSRLQWLVFDOOHGWKHVWDWLFSUHVVXUH 7KH IOXLGL]HG EHG LV WUDQVIRUPHG IURP WKH
VWDWLRQDU\ VWDWH WR WKH IOXLGL]HG VWDWH DQG WKH
FRUUHVSRQGLQJJDVVSHHGLVWKHPLQLPXPIOXLGL]DWLRQ
YHORFLW\)LJVKRZVWKHUHODWLRQVKLSEHWZHHQSUHVVXUH GURS DQG JDV YHORFLW\ DW GLIIHUHQW EHG KHLJKWV
DQGELRPDVVFRQFHQWUDWLRQVDVPHDVXUHGE\GHSUHV
VXUL]DWLRQ7KHELRPDVVDQGLQLWLDOEHGKHLJKWPLQLPDOO\ DIIHFW WKH PLQLPXP IOXLGL]DWLRQ YHORFLW\
ZKLFKLVVHWDVPVLQWKLVH[SHULPHQW:KHQWKH
JDVVSHHGLVPVWKHSUHVVXUHGURSLQFUHDVHV
JUDGXDOO\DQGLVWKHQVWDELOL]HG'XULQJWKHSURFHVV
IOXLGL]DWLRQ RI WKH EHG SDUWLFOHV LV GLIILFXOW DQG WKH
ELRPDVV LV PDLQO\ GLVWULEXWHG DPRQJ WKH OD\HU RI
TXDUW]VDQG7KHEXEEOHVSDVVWKURXJKWKHEHGPDWHULDODQGWKLVVWDWHEHORQJVWRWKHIL[HGEHG$VWKHJDV
YHORFLW\FRQWLQXHVWRLQFUHDVHWKH SDUWLFOHVVWDUWWR
IORZ DQG WKH SUHVVXUH GURS LV PDLQWDLQHG ZLWKLQ D
VWDEOH UDQJH 7KH PL[LQJ GHJUHH RI ELRPDVV DQG

5HFXUUHQFHSORWV)LJVKRZVWKDWWKHUHFXUUHQFH SORWV RI TXDUW] VDQG IORZ DORQH DUH PDLQO\
FRPSRVHG RI GLDJRQDO OLQHV DQG UHFXUVLYH SRLQWV
LQGLFDWLQJ VWURQJ SHULRGLFLW\ DQG UHFXUVLRQ 7KH
QXPEHURIGLDJRQDOOLQHVLQFUHDVHVDVWKHJDVYHORFLW\LQFUHDVHVIURPPVWRPV7KHIORZSDWWHUQLVFRQYHUWHGIURPWKHIL[HGVWDWHLQWRWKHIOXLGL]HGVWDWH7KH VPDOOEXEEOHVJHQHUDWHGLQWKH SURFHVVSHQHWUDWHWKHEHGPDWHULDODQGUHGXFHWKHYLEUDWLRQ RI WKH PDWHULDO SDUWLFOHV LQ WKH IL[HG VWDWH
WKHUHE\LQFUHDVLQJWKHSHULRGLFLW\DQGGHWHUPLQLVP
$VWKHJDVYHORFLW\FRQWLQXHVWRLQFUHDVHWKHEXEEOH
EHFRPHVODUJHUWKHWXUEXOHQFHLVHQKDQFHGDQGWKH
GHWHUPLQDWLRQ RI WKH V\VWHP LV UHGXFHG 7KXV WKH
GHWHUPLQDWLRQ LQFUHDVHV DW ILUVW DQG WKHQ GHFOLQHV
VKDUSO\$WPVWKHIOXLGL]HGEHGFKDQJHVIURP
EXEEOLQJLQWRWXUEXOHQWRQH7KHUHFXUVLYHJUDSKLQ
)LJ G VKRZV PDQ\ KRUL]RQWDO DQG YHUWLFDO OLQHV
LQGLFDWLQJWKDWWKHV\VWHPH[SHULHQFHVDEUXSWPXWDWLRQFDXVHGE\GUDVWLFFKDQJHLQODUJHEXEEOHV

E
F
),*85(
)ORZUHJLPHVRIF\OLQGULFDOELRPDVVDQGTXDUW]VDQGDWPV D Z  E Z  F Z 
D

2959

© by PSP

Volume 26 ± No. 4/2017 pages 2956-2964

Fresenius Environmental Bulletin

),*85(
3UHVVXUHGURSZLWKEHGKHLJKWDQGJDVYHORFLW\XQGHUGLIIHUHQWELRPDVVFRQFHQWUDWLRQ
D Z  E Z  F Z  G Z 

),*85(
7KHUHODWLRQVKLSEHWZHHQSUHVVXUHGURSDQGELRPDVVFRQFHQWUDWLRQ D K PP E K PP

),*85(
5HFXUUHQFHSORWVRITXDUW]VDQGDWGLIIHUHQWJDVYHORFLWLHV
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LQWKHV\VWHP0RUHRYHUWKHDJJUDYDWHGWXUEXOHQFH
ZLOOUHGXFHWKH4'(7$VDUHVXOWWKHGHWHUPLQDWLRQ
RIWKHV\VWHPLQFUHDVHVVKDUSO\DWILUVWDQGGHFUHDVHV
ODWHU :KHQ WKH JDV YHORFLW\ FRQWLQXHV WR LQFUHDVH
WKHIORZRIWKHEHGLVFRPSOHWHO\GHYHORSHGLQWREXEEOH IORZ DQG 4'(7 PLQLPDOO\ FKDQJHV LQ WKH EXEEOLQJSKDVHZLWKLQFUHDVLQJJDVYHORFLW\:KHQWKH
ELRPDVVFRQFHQWUDWLRQLQFUHDVHVWKH4'(7GHFUHDVHV
JUDGXDOO\KHQFHWKHSUHVHQFHRIELRPDVVFDQUHGXFH
WKH4'(7RIWKHV\VWHP
)LJ VKRZV WKH FKDQJHV LQ 4/$0 ZLWK JDV
VSHHGLQGLFDWLQJWKHFKDUDFWHULVWLFVRIWKHLQWHUPLWWHQWV\VWHP7KH4/$0RIWKHV\VWHPGHFUHDVHVILUVW
DQG WKHQ LQFUHDVHV ZLWK LQFUHDVLQJ JDV YHORFLW\ ,Q
WKH IL[HG EHG 4/$0 ZLWK GLIIHUHQW ELRPDVV
FRQFHQWUDWLRQVLVYHU\FORVHWRRQHDQRWKHUDQGGHFUHDVHVZLWKLQFUHDVLQJJDVVSHHG:KHQWKHEHGLV
LQ WKH EXEEOH IORZ VWDWH 4/$0 LQFUHDVHV ZLWK
LQFUHDVLQJJDVYHORFLW\DQGWKHDGGHGELRPDVVSDUWLFOHV GHFUHDVH WKH 4/$0 WKLV ILQGLQJ LV FRQVLVWHQW
ZLWKWKH UHVXOWVRIUHFXUVLYH JUDSKDQDO\VLV$WJDV
VSHHGKLJKHUWKDQPVDQGELRPDVVFRQFHQWUDWLRQ
RI4/$0 LVVLPLODUWRWKDWRIRQHFRPSRQHQWRI
TXDUW] VDQG$W WKH PDVV IUDFWLRQ RI  4/$0 LV
UHODWLYHO\ORZLQGLFDWLQJWKDWWKHELRPDVVLVIDYRUDEOH WR WKH XQLIRUP GLVWULEXWLRQ RI EXEEOHV WKHUHE\
LQFUHDVLQJWKHFRQWLQXLW\RIWKHV\VWHP

:KHQWKH PDVVIUDFWLRQRIELRPDVVLQFUHDVHV
WKH UHFXUVLYH JUDSKV LQ )LJV DQG  GHPRQVWUDWH
IHZ UHFXUVLYH SRLQWV FRPSDUHG ZLWK WKDW RI RQH
FRPSRQHQWRITXDUW]VDQGEXWVKRZPDQ\GLDJRQDO
OLQHV7KLVILQGLQJLQGLFDWHVWKDWWKHELRPDVVZHDNHQVWKHUHFXUVLYHV\VWHPEXWPDLQWDLQVVWURQJFKDRV
FKDUDFWHULVWLF EHFDXVH EXEEOHV EHFRPH ODUJHU ZLWK
LQFUHDVLQJ PL[LQJ KHLJKW WKHUHE\ RVWUDFL]LQJ WKH
VXUURXQGLQJ SDUWLFOHV 7KH ELRPDVV SDUWLFOHV GLIIHU
IURPTXDUW]VDQGLQWHUPVRIVKDSHYROXPHDQGGHQVLW\7KHULVLQJELRPDVVSDUWLFOHVZLOOIDOOEDFNLQWR
EXEEOHVDQGVSOLWWKHPLQWRVPDOOHURQHV7KHSUHVVXUHIOXFWXDWLRQVLQWKHEHGZLOOWHQGWREHJHQWOH%\
FRQWUDVW D EORFN VWUXFWXUH LV HYLGHQW DW Y PV
PDLQO\ EHFDXVHLQFUHDVLQJWKHJDVYHORFLW\ ZLOOLQFUHDVHWKHVL]HRIWKHEXEEOHV
5HFXUUHQFH TXDQWLILFDWLRQ DQDO\VLV )LJ
VKRZVWKHYDULDWLRQLQ4'(7LQWKHIOXLGL]HGEHG8QGHU WKH IL[HG EHG FRQGLWLRQ YPV  WKH JDV
SDVVHVWKURXJKWKHJDSEHWZHHQWKHEHGPDWHULDODQG
FDQQRWEH FRQYHUWHGLQWREXEEOHVDV VXFKWKH EHG
PDWHULDOLVLQVOLJKWYLEUDWLRQVWDWHLQGXFLQJWKHSUHVVXUHIOXFWXDWLRQVLJQDOWREHFORVHWRWKDWRIWKHUDQGRPVWDWH$VWKHIORZVWDWHFKDQJHVLQWREXEEOHIORZ
PVYPV EXEEOHVDUHJUDGXDOO\JHQHUDWHGLQWKHEHG7KHVL]HRIWKHEXEEOHLQFUHDVHVZLWK
LQFUHDVLQJJDVYHORFLW\WKHUHE\LQFUHDVLQJWKH4'(7

),*85(
5HFXUUHQFHSORWVDWPV D Z  E Z 

),*85(
5HFXUUHQFHSORWVDWPV D Z  E Z 
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7KHYDULDWLRQRI4'(7ZLWKJDVYHORFLW\DWGLIIHUHQWELRPDVVFRQFHQWUDWLRQ

),*85(
7KHYDULDWLRQRI4/$0ZLWKJDVYHORFLW\DWGLIIHUHQWELRPDVVFRQFHQWUDWLRQ

),*85(
7KHYDULDWLRQRI4/ZLWKJDVYHORFLW\DWGLIIHUHQWELRPDVVFRQFHQWUDWLRQ
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)LJVKRZV4/ZLWKLQFUHDVLQJJDVYHORFLW\
DQG UHSUHVHQWV WKH DYHUDJH SHULRG RI WKH V\VWHP
VLPLODUWRWKHFXUYHRI4'(7$WJDVVSHHGORZHUWKDQ
PVWKHSHULRGLFLW\RIWKHV\VWHPLVLQIOXHQFHG
E\EXEEOHVVL]HDQGJDVWXUEXOHQFH7KHSHUIRUPDQFH
LQFUHDVHVILUVWDQGWKHQGHFUHDVHV$WKLJKJDVVSHHG
WKHIORZRITXDUW]VDQGH[KLELWVDWUHQGWRWXUEXOHQW
IOXLGL]DWLRQDQGWKHEXEEOHVDQGSDUWLFOHVDUHPL[HG
YLROHQWO\DVVXFKWKH4/EHJLQVWRGHFOLQH7KHDGGLWLRQ RI ELRPDVV HYLGHQWO\ DIIHFWV WKH EXEEOHV 7KH
DYHUDJHSHULRGRIWKHV\VWHPGHFUHDVHVZLWKLQFUHDVLQJ ELRPDVV FRQWHQW7KH LQIOXHQFH RI JDV YHORFLW\
RQ WKH DYHUDJH SHULRG DOVR GHFUHDVHV EHFDXVH WKH
SUHVHQFH RI ELRPDVV FDQ DFFHOHUDWH WKH EUHDNXS RI
EXEEOHVUHVXOWLQJLQUHGXFHGVL]HDQGHYHQGLVWULEXWLRQRIWKHEXEEOHV
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systems in a gas-solid fluidized bed. Chemical
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[4] Tao, H., Jin, B., Zhong, W. (2014) Flow behavior of non-spherical particle flowing in hopper.
Frontiers in Energy 8, 315-321.
[5] Park, S.H. and Kim, S.D. (2003) Experimental
statistical and Stochastic studies of pressure
fluctuations in a three-phase fluidized bed with
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CONCLUSIONS
7KH PLQLPXP IOXLGL]DWLRQ YHORFLW\ RI WKH
PL[HG IORZ RI TXDUW] VDQG DQG ELRPDVV LV PV
7KH SUHVVXUH GURS LQFUHDVHV ZLWK LQFUHDVLQJ EHG
KHLJKW DQG LV QRW UHODWHG WR ELRPDVV FRQFHQWUDWLRQ
%DVHG RQ DQDO\VLV RI SDUWLFOHV PRWLRQ DW GLIIHUHQW
WLPHV WKH IOXLGL]HG EHG FRQWDLQV ODUJH EXEEOHV DW
KLJK JDV YHORFLW\ 7KH ELRPDVV SDUWLFOHV DUH
SUHIHUHQWLDOO\ EORZQ WR WKH XSSHU OD\HU DQG PL[HG
ZLWKTXDUW]VDQGDWKLJKJDVVSHHG/DUJHEXEEOHVLQ
WKHIOXLGL]HGWKHEHGFDQEHHDVLO\EURNHQE\ELRPDVV
SDUWLFOHVZLWKLQFUHDVLQJELRPDVVFRQFHQWUDWLRQ7KH
LQFUHDVH LQ WKH JDV YHORFLW\ HQKDQFHV WKH FKDRWLF
FKDUDFWHULVWLFVRIWKHIORZLQWKHEXEEOLQJEHG7KH
H[LVWHQFHRIODUJHELRPDVVSDUWLFOHVZLOOGLVUXSWWKH
PRYHPHQW RI EXEEOHV UHVXOWLQJ LQ ODUJH EXEEOHV
JHQHUDWLQJ VPDOO EXEEOHV DV VXFK WKH GLVVLSDWLRQ
HQHUJ\LVLQWHQVLILHG)XUWKHUPRUHWKHV\VWHPWHQGV
WREHVWDEOHDQG4'(74/DQG4/$0GHFUHDVHZLWK
LQFUHDVLQJELRPDVV
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VARIATION IN GROWTH RESPONSE, NITROGEN
ACCUMULATION AND PARTIONING OF TWENTY WARMSEASON GRASSES UNDER DIFFERENT NITROGEN
LEVELS
'DQGDQ/L-LQJER&KHQ-XQTLQ=RQJ<L:DQJ+DLOLQ*XR%LQJ=KDQJ
-LDQMLDQ/L-LDQ[LX/LX
,QVWLWXWHRI%RWDQ\-LDQJVX3URYLQFHDQG&KLQHVH$FDGHP\RI6FLHQFHV, Qian Hu Hou Cun No.1, Nanjing 210014, PR China

ABSTRACT

INTRODUCTION

1LWURJHQ 1  LV PRVW OLNHO\ WR DIIHFW SODQWV
JURZWK DQG GHYHORSPHQW +RZHYHU WKH YDULDWLRQ
UHVSRQVHRIZDUPVHDVRQJUDVVZLGHO\XVHGLQ&KLQD
WR GLIIHUHQW 1 OHYHOV LV SRRUO\ DGGUHVVHG 7KH
REMHFWLYH RI WKLV VWXG\ ZDV WR FKDUDFWHUL]H DQG
FRPSDUH WKH JURZWKUHVSRQVH1DFFXPXODWLRQDQG
SDUWLWLRQLQJ RI WZHQW\ ZDUPVHDVRQ JUDVVHV DW
GLIIHUHQW1OHYHOV[0 (low), 5 (control), and 40 mM
(high)] LQ D K\GURSRQLF H[SHULPHQW 7KH ZDUP
VHDVRQ JUDVVHV LQFOXGH ILYH JURXSV ]R\VLDJUDVV
FHQWLSHGHJUDVVEHUPXGDJUDVVSDVSDOXPDQGVSLQ\
PXG JUDVV :DUPVHDVRQ JUDVVHV GHFUHDVHG LQ WXUI
KHLJKW 7+ OHDIOHQJWKOHDIZLGWK /: WRWDOSODQW
GU\ZHLJKW ': DQGWRWDOSODQWDFFXPXODWHG1EXW
WKHSODQWQLWURJHQXVHHIILFLHQF\ 18( VLJQLILFDQWO\
LQFUHDVHGFRPSDUHGZLWKWKDWRIWKHFRQWURODWORZ1
OHYHOunder high N level, the 7+/:URRW':WRWDO
SODQW ': DQG SODQW 18( VKRZHG QR VLJQLILFDQW
GLIIHUHQFHIURPWKHFRQWURO, suggesting that it is not
necessary to apply a large amount of N. 7KH
FHQWLSHGHJUDVV ZDV WKH PRVW WROHUDQW RI WKH ORZ 1
VXSSO\ IROORZHG E\ ]R\VLDJUDVV EHUPXGDJUDVV
SDVSDOXPDQGVSLQ\PXGJUDVV7KHVSLQ\PXGJUDVV
ZDVVHQVLWLYHWRWKHORZ1VXSSO\EHFDXVHWKHUDWLR
RI ': DQG DFFXPXODWHG 1 DOORFDWHG WR FOLSSLQJ
GHFUHDVHGWKHPRVWDQGWKHSODQW18(LQFUHDVHGWKH
OHDVW7KHFHQWLSHGHJUDVVWROHUDWHGWKHORZ1VXSSO\
EHFDXVH WKH UDWLR RI ': DOORFDWHG WR WKH URRWV
LQFUHDVHGWKHPRVWDQGWKHSODQW18(LQFUHDVHGWKH
PRVW ZKHQ FRPSDUHG ZLWK WKDW RI WKH FRQWURO7KH
FXOWLYDUV µ6X]KL 1R¶ µ<DQJMLDQJ¶ µ(¶ DQG
µ$GDOD\G¶ KDG WKH SRWHQWLDO WR EH XVHG DV ORZ
PDLQWHQDQFHZDUPVHDVRQJUDVV

1LWURJHQ 1 LVWKHPLQHUDOQXWULHQWUHTXLUHGLQ
WKHJUHDWHVWTXDQWLW\E\SODQWVDQGLVWKHQXWULHQWWKDW
LVPRVWOLNHO\WRDIIHFWWKHWXUIJUDVVTXDOLW\DQGIRUJH
TXDOLW\ > @ 1 PDLQWDLQHG DW DGHTXDWH OHYHOV
SURPRWHVJUDVVYLJRUTXDOLW\UHFRYHU\IURPGDPDJH
DQG RYHUDOO KHDOWK >@ +RZHYHU WUDGLWLRQDO
IHUWLOL]DWLRQ SURJUDPV WKDW EDVH WKH QXWULHQW
DSSOLFDWLRQRQKLVWRULFDOSUDFWLFHVRUWKHWLPHRI\HDU
RIWHQ UHVXOW LQ VLJQLILFDQW QXWULHQW ORVVHV ZKLFK
FUHDWH SRVVLEOH HQYLURQPHQWDO LVVXHV and increase
costs >     @ 7KXV WKH PRVW LPSRUWDQW
DSSURDFKLVEUHHGLQJQHZFXOWLYDUVFRXOGWROHUDQWWR
ORZ1VXSSO\)URPWKLVSRLQWRIYLHZLWLVHVVHQWLDO
WR XQGHUVWDQG WKH FKDUDFWHULVWLFV RI GLYHUVH ZDUP
VHDVRQJUDVVXQGHUGLIIHUHQW1OHYHOV
(IIHFWVRI1RQSODQWJURZWKYDU\KLJKO\DPRQJ
SODQWVSHFLHVDQGRUZLWKLQDVSHFLHV>@7KH
GU\ ZHLJKW RI VWRORQV DQG UKL]RPHV OLQHDUO\
GHFUHDVHG LQ K\EULG EHUPXGDJUDVV DV 1 UDWH
LQFUHDVHG >@ /RZ 1 UHGXFHG WKH JURZWK RI
.HQWXFN\ EOXHJUDVV 3RD SUDWHQVLV /  SHUHQQLDO
U\HJUDVV /ROLXP SHUHQQH /  DQG WXUIW\SH WDOO
IHVFXH )HVWXFD DUXQGLQDFHD 6FKUHE  KRZHYHU
WXUIW\SHWDOOIHVFXHVKRZHGKLJKHUWRWDOFOLSSLQJGU\
ZHLJKW WKDQ .HQWXFN\ EOXHJUDVV DQG SHUHQQLDO
U\HJUDVV DW  NJ KDí \Uí >@ +LJKHU VKRRW GU\
ZHLJKW KDV DOVR EHHQ REVHUYHG LQ ORZ 1 WROHUDQW
7KHOOXQJLHOOD KDORSKLOD $UDELGRSVLV WKDOLDQD
UHODWLYH FRPSDUHGWRVHQVLWLYH$UDELGRSVLVWKDOLDQD
DW  P0 1 OHYHOV >@ ,Q SHUHQQLDO WXUI JUDVV
VSHFLHVEHUPXGDJUDVV &\QRGRQGDFW\ORQ / 3HUV
î&WUDQVYDDOHQVLV%XUWW'DY\ ]R\VLDJUDVV =R\VLD
MDSRQLFD 6WHXG  EDKLDJUDVV 3DVSDOXP QRWDWXP
)OXJJH  DQG 6W $XJXVWLQHJUDVV 6WHQRWDSKUXP
VHFXQGDWXP:DOW.XQW]H URRWGU\ZHLJKWGHFUHDVHG
DWORZ1OHYHOVSDUWLFXODULQEHUPXGDJUDVV>@7KH
UHVXOWV VXJJHVW WKDW JURZWK UHODWHG WUDLW PD\ EH
LPSRUWDQW IRU H[DPLQLQJ SKHQRW\SLF YDULDWLRQ RI
ZDUPVHDVRQJUDVVVSHFLHVXQGHUGLIIHUHQW1OHYHOV
7KH UHVSRQVH RI SODQW WR 1 LV DOVR UHOLDQW RQ

.(<:25'6
:DUPVHDVRQJUDVVORZQLWURJHQOHYHOJURZWKQLWURJHQ
DFFXPXODWLRQQLWURJHQSDUWLWLRQLQJ
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]R\VLDJUDVV =WHQXLIROLD µ6X]KL1R¶DQGµ=¶
]R\VLDJUDVV = VLQLFDî = PDWUHOOD  µ6X]KL 1R¶
]R\VLDJUDVV = MDSRQLFDî = WHQXLIROLD  >@
µ1DQMLQJ¶ µ<DQJMLDQJ¶ DQG µ6X]KL 1R¶ FRPPRQ
EHUPXGDJUDVV &\QRGRQ GDFW\ORQ  µ7LIWRQ¶
K\EULG EHUPXGDJUDVV &\QRGRQ GDFW\ORQ î &
QOHPIXHQVLV µ7LIGZDUI¶µ7LIZD\¶DQGµ6X]KL1R¶
K\EULG EHUPXGDJUDVV & WUDQVYDDOHQVLVî &
GDFW\ORQ  >  @ µ(¶ DQG µ(¶
FHQWLSHGHJUDVV (UHPRFKORD RSKLXURLGHV  >@
µ3¶ SDVSDOXP JUDVV 3DVSDOXP SDVSDORLGHV 
µ$GDOD\G¶SDVSDOXPJUDVV 3YDJLQDWXP >@DQG
µ3;¶VSLQ\PXGJUDVV 3VHXGRUDSKLVVSLQHVFHQV 
7HQFXOWLYDUVZHUHFROOHFWHGIURPWKHZLOGLQ&KLQD
VL[ ZHUH EUHG E\ WKH ,QVWLWXWH RI %RWDQ\ -LDQJVX
3URYLQFH  &KLQHVH $FDGHP\ RI 6FLHQFHV WKUHH
ZHUH LQWURGXFHG IURP $PHULFD DQG RQH ZDV
LQWURGXFHG IURP$XVWUDOLD 7DEOH   7KH FXOWLYDUV
ZHUH VHOHFWHG EDVHG RQ SUHYLRXV ILHOG WXUI TXDOLW\
WHVWVLQ1DQMLQJ-LDQJVX3URYLQFH35&KLQD7KH
WKUHH FXOWLYDUV LQWURGXFHG IURP$PHULFD 7LIWRQ
µ&¶DQGµ7LIZD\¶ DQGWKHRQHLQWURGXFHGIURP
$XVWUDOLD µ$GDOD\G¶  DUH DOVR ZLGHO\ JURZQ LQ
&KLQD
7KH K\GURSRQLF H[SHULPHQW ZDV FDUULHG RXW
IURP  -XO\  WR  6HSWHPEHU  DV
GHVFULEHG E\ &KHQ HW DO > @ ZLWK PLQRU
PRGLILFDWLRQV 6RG SLHFHV  FP LQ GLDPHWHU  IRU
HDFK JUDVV ZHUH FROOHFWHG IURP WKH H[SHULPHQWDO
ILHOGDWWKH,QVWLWXWHRI%RWDQ\-LDQJVX3URYLQFH 
&KLQHVH$FDGHP\RI6FLHQFHV&KLQD 1RUWKODWLWXGH
ƍ(DVWORQJLWXGHƍ 
$IWHU WKH VRLO ZDV UHPRYHG E\ KDQG ZDVKLQJ
VRG SLHFHV ZHUH SODQWHG LQWR SODVWLF FXSV  FP
GLDPHWHU î  FP GHSWK  ILOOHG ZLWK FRDUVH DFLG
ZDVKHG VLOLFD VDQG 7KH FXS ERWWRP ZDV UHPRYHG
DQGFRYHUHGZLWKDQ\ORQVFUHHQWKDWKROGVVDQGDQG
DOORZV URRWV WR JURZ WKURXJK LW 7KH FXSV ZHUH
VXVSHQGHGE\FPWKLFNSRO\YLQ\OFKORULGH 39& 
VKHHWV RYHU SODVWLF WDQNV FRQWDLQLQJ  / RI D
PRGLILHG +RDJODQG VROXWLRQ ZLWK GRXEOHGLVWLOOHG
ZDWHU +RDJODQG DQG 6Q\GHU  contains 0.4
mmol L-1 Ca(NO3)2·4H2O, 1.6 mmol L-1 KNO3, 0.5
mmol L-1 (NH4)2SO4, 1 mmol L-1 KH2PO4, 1 mmol
L-1 0J62·+2mmol L-1 1D&OȝPRO/-1 Fe('7$  ȝPRO /-1 H3BO3  ȝPRO /-1
MnSO4·H22ȝPRO/-1 ZnSO4·7H2O, 0.0165
ȝPRO /-1 CuSO4·+2 DQG  ȝPRO /-1
H2MoO4 7KH Q\ORQ VFUHHQ DW WKH ERWWRP RI HDFK
FXSZDVVXEPHUVHGXQGHUFPRIWKHVROXWLRQ7KH
SODQWVZHUHPDLQWDLQHGLQJUHHQKRXVHVDWDQDYHUDJH
PD[LPXPPLQLPXP WHPSHUDWXUH RI &&
DQG D K SKRWRSHULRG 7KH PD[LPXP
SKRWRV\QWKHWLF DFWLYH UDGLDWLRQ 3$5  RQ D
KRUL]RQWDOSODQHMXVWDERYHWKHFDQRS\UDQJHG

FHUWDLQSK\VLRORJLFDOFKDQJHVQDPHO\1XSWDNH>@
1 SDUWLWLRQLQJ >@ DQG 1 XWLOL]DWLRQ >@ ,Q
.HQWXFN\EOXHJUDVV 3RDSUDWHQVLV/ WRWDOQLWUDWH
XSWDNH ZDV SRVLWLYHO\ UHODWHG WR WRWDO 1 UHFRYHUHG
DQG WRWDO SODQW GU\ PDWWHU EXW QLWUDWH XSWDNH UDWH
EDVHGRQURRWZHLJKWZDVQHJDWLYHO\FRUUHODWHGZLWK
QLWURJHQXVHHIILFLHQF\RIWKHSODQW>@,QSHUHQQLDO
U\HJUDVV /ROLXP SHUHQQH  1 VWUHVV DIIHFWHG 1
XSWDNH GHFUHDVHG 1 LPSRUW LQWR WKH JURZWK ]RQH
KDOYHGWKHVKRRWVJURZWK>@,QSHUHQQLDOZDUP
VHDVRQ JUDVV ELJ EOXHVWHP $QGURSRJRQ JHUDGLL
9LWPDQ  VZLWFKJUDVV 3DQLFXP YLUJDWXP / 
LQGLDQJUDVV >6RUJKDVWUXP QXWDQV /  1DVK@ DQG
HDVWHUQ JDPDJUDVV >7ULSVDFXP GDFW\ORLGHV /  /@
DOORFDWLRQRIQXWULHQWVWRVKRRWVRYHUURRWVDWNJ
1KDíIRUELJEOXHVWHPDQGVZLWFKJUDVVPD[LPL]HG
URRWELRPDVVDQGIDYRUHGDOORFDWLRQRI QXWULHQWVWR
URRWV RYHU VKRRWV DW  NJ 1 KD í EXW IRU
LQGLDQJUDVVDQGHDVWHUQJDPDJUDVVURRWELRPDVVDQG
URRWQXWULHQWDOORFDWLRQZHUHDGYHUVHO\DIIHFWHGE\1
LQSXWV>@7KHVHLQFRQVLVWHQWUHVSRQVHVRIGLIIHUHQW
JUDVV LQGLFDWH WKH FRPSOH[LW\ RI PHWDEROLF
DGMXVWPHQWV WKDW ZDUP VHDVRQ JUDVVHV XQGHUJR WR
PXOWLSOH1HQYLURQPHQWV
3HUHQQLDO JUDVVHV XVHG DV WXUI DQG IRUDJH DUH
LQFUHDVLQJO\LQPRVWDUHDVRI&KLQD>@,Q&KLQD
WKH VRXUFHVRIJHUPSODVP IRU ZDUPVHDVRQJUDVVHV
DUH ULFK 'XH WR ZLGH JHRJUDSKLFDO GLVWULEXWLRQV RI
SHUHQQLDO ZDUP VHDVRQ JUDVV VLJQLILFDQW QDWXUDO
YDULDWLRQLQJURZWKDQGSK\VLRORJLFDOUHVSRQVHVWR1
DUH H[SHFWHG LQ GLYHUVH ZDUP VHDVRQ JUDVV
=R\VLDJUDVV
FHQWLSHGHJUDVV
EHUPXGDJUDVV
VHDVKRUH SDVSDOXP DQG VSLQ\ PXG JUDVV KDYH
VLJQLILFDQW YDULDWLRQ LQ PRUSKRORJ\ VDOW DQG
DOXPLQXP WROHUDQW SK\VLRORJ\ DQG PROHFXODU
FKDUDFWHULVWLFV>@+RZHYHUJURZWK
DQGSK\VLRORJLFDOUHVSRQVHVRIGLYHUVHZDUPVHDVRQ
JUDVV WR 1 DUH QRW \HW IXOO\ XQGHUVWRRG7KHUHIRUH
WKH REMHFWLYH RI WKLV VWXG\ ZDV WR HYDOXDWH WKH
YDULDWLRQ RI WZHQW\ ZDUPVHDVRQ JUDVV FXOWLYDUV WR
GLIIHUHQW1OHYHOVEDVHGRQJURZWK1DFFXPXODWLRQ
DQG SDUWLWLRQLQJ UHVSRQVH DQG WR VXSSRUW LGHDV IRU
EUHHGLQJQHZFXOWLYDUVWROHUDQWRIORZ1VXSSO\DQG
IRU EHWWHU PDQDJHPHQW RI GLIIHUHQW ZDUPVHDVRQ
JUDVVHV

MATERIALS AND METHODS
3ODQW PDWHULDOV DQG H[SHULPHQWDO GHVLJQ
7ZHQW\FXOWLYDUVRIZDUPVHDVRQJUDVVHVZHUHXVHG
LQ WKLV VWXG\ LQFOXGLQJ µODQ\LQ¶ DQG µ=¶
]R\VLDJUDVV =R\VLDMDSRQLFD µ=¶]R\VLDJUDVV =
VLQLFD  µ=¶ ]R\VLDJUDVV = PDWUHOOD  µ=¶
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7$%/(
1DPHDQGVRXUFHRIZDUPVHDVRQJUDVVHV
Groups

Species

Zoysiagrass Z. japonica

Accessions Source
Lanyin3

Wild material collected from Gansu province, China

Z129

Wild material collected from Qingdao, Shandong province, China

Z. sinica

Z008

Wild material collected from Jinhua, Zhejiang province, China

Z. matrella

Z014

Wild material collected from Hangzhou, Zhejiang province, China

Z. tenuifolia

Z160

Wild material collected from Chongqing, Sichuan province, China

Z. sinica× Z. matrella

Suzhi No.3 Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science

Z. japonica× Z. tenuifolia

Suzhi No.1 Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science

Z22-2

Bermudagras C. dactylon

Nanjing

Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science

Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science

Yangjiang Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science
Suzhi No.4 Wild material collected from Xianyang, Shanxi province, China
C. dactylon× C. nlemfuensis

Tifton85

Introduction from America

C. transvaalensis× C. dactylon Tifdwarf

Introduction from America

Tifway

Introduction from America

Suzhi No.2 Bred by Institute of Botany, Jiangsu province & Chinese Academy of Science
Centipedegra E. ophiuroides

Paspalum

Spiny mud

E92-1

Wild material collected from Chongqing, Sichuan province, China

E039

Wild material collected from Lushan, Jiangxi province, China

P. paspaloides

P018

Wild material collected from Sihong, Jiangsu province, China

P. vaginatum

Adalayd

Introduction from Australia

Pseudoraphis spinescens

PX-2

Wild material collected from lakeside of Luoma, Xinyi, Jiangsu province, China

IURPPROPVWRPROPV
7RHQVXUHFRPSOHWHHVWDEOLVKPHQWSODQWVZHUH
JURZQIRURQHPRQWKEHIRUHWKHVWDUWRI1WUHDWPHQW
'XULQJ WKLV SHULRG ZDWHU ORVW IURP WKH QXWULHQW
VROXWLRQ ZDV VXSSOHPHQWHG RQ DQRWKHU GD\ XVLQJ
GRXEOHGLVWLOOHG ZDWHU WR HQVXUH WKH URRWV ZHUH
FRQVWDQWO\VXVSHQGHGLQWKHVROXWLRQDQGWKHQXWULHQW
VROXWLRQZDVDGMXVWHGDWWKHVDPHWLPHWRPDLQWDLQD
S+ RI DSSUR[LPDWHO\  XVLQJ  PRO / RI D
K\GURFKORULFDFLGVROXWLRQ7KHFXOWXUHVROXWLRQZDV
FKDQJHGHYHU\ ZHHN%HIRUHWKHVWDUWRIWUHDWPHQW
WKH VKRRWV ZHUH FOLSSHG ZHHNO\ WR D  FP KHLJKW
H[FHSWIRUµ7LIWRQ¶DQGµ3¶DWFPDQGµ3;
¶DWFPDQGWKHURRWVDWWKHEDVHRIWKHFXSVZHUH
FOLSSHG$OOFOLSSLQJVZHUHGLVFDUGHG
:H FRQGXFWHG SUHOLPLQDU\ H[SHULPHQWV WR
GHWHUPLQH WKH H[FHVVLYH RSWLPXP DQG OLPLWLQJ 1
FRQGLWLRQV IRU ZDUPVHDVRQ JUDVVHV 3ODQWV ZHUH
JURZQDWGLIIHUHQW1OHYHOVUDQJLQJIURPWRP0
17KUHH1OHYHOVZHUHFKRVHQ0 (low), 5 (control),
and 40 mM (high) DFFRUGLQJ WR WKH GLYHUVLW\ RI
JURZWK DQG 1 XWLOL]DWLRQ RI ZDUPVHDVRQ JUDVVHV
GDWDQRWVKRZQ The potassium and calcium levels
were balanced with K2SO4 and CaCl2. During this
period, WKH VKRRWV ZHUH FOLSSHG ZHHNO\ WR D  FP
KHLJKWH[FHSWIRUµ7LIWRQ¶DQGµ3¶DWFPDQG
µ3;¶ DW  FP DQG FOLSSLQJV ZHUH FROOHFWHG DQG
RYHQGULHGDW&IRUK
The plants were sampled at 4 weeks after the N
treatment. The turf height was measured by a ruler,
while the leaf length and width of the top three fully
expanded leaves at erect verdure were measured by

a ruler and vernier calipers, respectively. The top
three fully expanded leaves at erect verdure were
sampled and frozen in liquid N, and then stored at 70°C. The plants were clipped and the clippings
were collected. The residue was separated into
verdure (crown plus stem up to the mowing height)
and roots after clipping, and dry weights were
determined after being oven dried at 80°C for 48 h.
0HDVXUHPHQWV'ULHGVDPSOHVZHUHWULWXUDWHG
WRSRZGHUDQGXVHGWRGHWHUPLQHWKH1FRQWHQWRIWKH
FOLSSLQJV YHUGXUH DQG URRWV XVLQJ WKH .MHOGDKO
PHWKRG>@
6WDWLVWLFDODQDO\VLV7KHDFFXPXODWHG1DQG1
XVH HIILFLHQF\ 18(  ZHUH FDOFXODWHG XVLQJ WKH
IROORZLQJHTXDWLRQVDFFRUGLQJWR0ROOHWDO>@DQG
-LDQJHWDO>@
$FFXPXODWHG1 'U\ZHLJKWî1LWURJHQFRQWHQW
1LWURJHQ XVH HIILFLHQF\ 18(   'U\ ZHLJKW 
$FFXPXODWHG1
$OO GDWD DUH WKH PHDQV RI IRXU UHSOLFDWHV DQG
ZHUH VXEMHFWHG WR D RQHZD\ DQDO\VLV RI YDULDQFH
XVLQJ 6366 YHU  6366 &KLFDJR ,/ 86$ 
VRIWZDUH

RESULTS AND DISCUSSION
(IIHFWV RI 1 RQ JURZWK DQG SK\VLRORJLFDO
WUDLWV1DIIHFWHGDOOWKHSDUDPHWHUVPHDVXUHGH[FHSW
IRUURRWGU\ZHLJKW ':  7DEOH 7KHWXUIKHLJKW
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7+ OHDIOHQJWK // OHDIZLGWK /: GHFUHDVHGDW
WKH ORZ 1 OHYHO DQG WKH // RI DOO ZDUPVHDVRQ
JUDVVHVLQFUHDVHGDWWKHKLJK1OHYHOFRPSDUHGZLWK
WKDWRIWKHFRQWUROZKLFKZDVVLPLODUWRWKHILQGLQJV
LQ RWKHU SODQWV >@ The total DW of clippings
decreased at the low N level, while it increased at the
high N level compared with that of the control,
which agreed with the fact that N fertilization was
positively correlated with the cumulative clipping
dry weight of three warm-season grass
(bermudagrass, Japanese lawn grass, and seashore
paspalum) [1]. The turfgrass was in a nearly
perpetual vegetative state, DQG WKXV IHUWLOLW\
SURJUDPV DUH GHVLJQHG VSHFLILFDOO\ WR PDLQWDLQ
WXUIJUDVV JURZWK DW VXEPD[LPDO OHYHOV [3] 7KLV
LQGLFDWHGWKDW1OLPLWLQJLVSUREDEO\WKHQRUPDOVWDWH
IRU WXUIJUDVV V\VWHPV 8QGHU WKH ORZ 1 OHYHO WKH
WRWDO SODQW ': DQG WRWDO SODQW DFFXPXODWHG 1
GHFUHDVHG EXW SODQW 18( VLJQLILFDQWO\ LQFUHDVHG

which may be associated with recycling and
remobilization of the endogenous nutrients under
nutrient limiting conditions [29] Excessive N
increases mowing frequency and hampers stolon and
rhizome development [6, 10]. Under the high N level,
the verdure DW indeed decreasedZKLOHWKH7+/:
URRW':SODQW':URRWDFFXPXODWHG1SODQW18(
KDGQRVLJQLILFDQWGLIIHUHQFHVZLWKWKDWRIWKHFRQWURO,
suggesting that high levels of N are not necessary.
:DUPVHDVRQ JUDVVHV GLIIHU LQ WKHLU 1
UHVSRQVH 7KH ZDUPVHDVRQ JUDVVHV GLIIHUHG
VLJQLILFDQWO\ LQ WRWDO SODQW ': WRWDO SODQW
DFFXPXODWHG1DQGSODQW18(DWWKHWKUHH1OHYHOV
7DEOH 7KHVSLQ\PXGJUDVVVKRZHGWKHJUHDWHVW
GHFUHDVH LQ WRWDO SODQW ': DQG WRWDO SODQW
DFFXPXODWHG 1 DQG WKH SODQW 18( LQFUHDVHG WKH
OHDVWDWWKHORZ1OHYHO7KHWRWDOSODQW':LQVSLQ\

7$%/(
(IIHFWVRI1OHYHOVRQWXUIKHLJKW 7+ OHDIOHQJWK // OHDIZLGWK /: GU\ZHLJKW ': DFFXPXODWHG
QLWURJHQRIWRWDOFOLSSLQJV 7& YHUGXUH 9 URRWV 5 DQGSODQW 3 DQGSODQWQLWURJHQXVHHIILFLHQF\
18( DFURVVZDUPVHDVRQJUDVVHV
DW (mg/cm2)

Accumulated N (mg/cm2)

Plant NUE

Nitrogen

TH

LL

LW

levels

(cm)

(cm)

(mm)

TC

V

R

P

TC

V

R

P

(gDW/gN)

0 mM

10.12b

5.62c

2.38c

24.81b

50.27b

7.37a

82.44b

F

F

E

F

117.95a

5 mM

11.97a

7.08b

2.58b

30.14a

54.19a

8.13a

92.46a

E

E

D

E

86.13b

40 mM

12.44a

8.06a

2.66a

32.78a

47.71c

8.23a

88.72ab

D

D

D

D

64.23b

sig.

*

**

**

**

**

ns

*

**

**

**

**

*

Different small letters mean significant differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO

7$%/(
'LIIHUHQFHVinWRWDOSODQWGU\ZHLJKW ': WRWDOSODQWaccumulated NSODQWQLWURJHQXVHHIILFLHQF\ 18( 
LQZDUPVHDVRQJUDVVHVDWWKUHH1OHYHOV


Total plant DW

Total plant accumulated N

Plant NUE

(mg/cm2

(gDW/gN)

2

Groups

(mg/cm )

)



0 mM

5 mM

40 mM

0 mM

5 mM

40 mM

0 mM

5 mM

Zoysiagrass

F

E

E

F

E

FG

D

D

DE

Bermudagrass

F

E

E

F

E

F

EF

E

DE

Centipedegrass

G

F

F

F

E

G

DE

E

D

Paspalum

D D D

D

D

D

FG

EF

E

Spiny mud grass

E D D

E

D

E

G

F

E

**

**

**

**

**

*

sig.

**

**

**

Different small letters mean significant differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
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7KHSDUWLWLRQRIGU\ZHLJKWDQGDFFXPXODWHG1DPRQJFOLSSLQJYHUGXUHDQGURRWLQZDUPVHDVRQ
JUDVV
PXGDOVRGHFUHDVHGVLJQLILFDQWO\DQGWKHWRWDOSODQW
DFFXPXODWHG1DQGSODQW18(VKRZHGQRVLJQLILFDQW
GLIIHUHQFHVZLWKWKDWRIWKHFRQWURODWWKHKLJK1OHYHO
7KHWRWDOSODQW':LQFHQWLSHGHJUDVVGHFUHDVHGWKH
OHDVW DQG WKH SODQW 18( LQFUHDVHG WKH PRVW ZKHQ
FRPSDUHGZLWKWKDWRIWKHFRQWURODWWKHORZ1OHYHO
7KH WRWDO SODQW ': RI FHQWLSHGHJUDVV VLJQLILFDQWO\
GHFUHDVHGEXWWKHUHZHUHQRVLJQLILFDQWGLIIHUHQFHV
FRPSDUHGZLWKWKHFRQWUROLQWRWDOSODQWDFFXPXODWHG
1DQGSODQW18(DWWKHKLJK1OHYHOZKLFKDJUHHV
ZLWK WKH FKDUDFWHU RI WKH JUDVV &HQWLSHGHJUDVV LV
referred to as a low-maintenance turfgrass because
of its low maintenance requirement and because it
UHTXLUHVOHVVIHUWLOL]HU [22].1IHUWLOL]DWLRQKDGOLWWOH
HIIHFW RQ WKH HVWDEOLVKPHQW RI ]R\VLDJUDVV > 
@ZKLOHSDVSDOXPDQGHVSHFLDOO\EHUPXGDJUDVV
DUH FRQVLVWHQWO\ WKH PRVW UHVSRQVLYH ZDUPVHDVRQ
JUDVVHVWRWKLVQXWULHQW>@However, in our study,
WKH UHVSRQVH RI ]R\VLDJUDVV EHUPXGDJUDVV DQG
SDVSDOXP WR 1 VKRZHG QR VLJQLILFDQW GLIIHUHQFHV
7KHWRWDOSODQW':DQGWKHWRWDOSODQWDFFXPXODWHG
1 RI ]R\VLDJUDVV EHUPXGDJUDVV DQG SDVSDOXP
GHFUHDVHGDQGWKHSODQW18(LQFUHDVHGDWWKHORZ1
OHYHO7KH]R\VLDJUDVVEHUPXGDJUDVVDQGSDVSDOXP
KDG QR VLJQLILFDQW GLIIHUHQFHV ZLWK WKH FRQWURO LQ
WRWDO SODQW ': ZKLOH WKH SODQW DFFXPXODWHG 1
LQFUHDVHGDQGWKHSODQW18(GHFUHDVHGDWWKHKLJK1
OHYHO
N influences the biomass and nutrient
partitioning of perennial, warm-season grasses [16].
7KHSDUWLWLRQLQJRIGU\ZHLJKWDQGDFFXPXODWHG1LQ
ZDUPVHDVRQ JUDVVHV KDG VLJQLILFDQW GLIIHUHQFHV DW
WKHWKUHH1OHYHOV )LJ When N is limited, a plant
often allocates a greater proportion of its biomass to
the root system [34]. However, WKH UDWLR RI GU\
ZHLJKWDQGDFFXPXODWHG1DOORFDWHGWRWKHURRWVDV
DIIHFWHGE\1ZDVJUDVVVSHFLILF$WWKHORZ1OHYHO
WKH UDWLR RI ': DOORFDWHG WR WKH URRWV LQ
FHQWLSHGHJUDVVDQGSDVSDOXPLQFUHDVHGZKLOHWKHUH
ZHUH QR GLIIHUHQFHV EHWZHHQ ]R\VLDJUDVV
EHUPXGDJUDVVDQGVSLQ\PXGJUDVVDQGWKHFRQWURO

WKHUDWLRRI':DOORFDWHGWRWKHURRWVDOVRLQFUHDVHG
LQ FHQWLSHGHJUDVV DQG VSLQ\ PXG JUDVV FRPSDUHG
ZLWK WKDW RI WKH FRQWURO DW WKH KLJK 1 OHYHO
)XUWKHUPRUH WKH UDWLR RI ': DQG DFFXPXODWHG 1
DOORFDWHG WR FOLSSLQJV DQG YHUGXUH FKDQJHG
VLJQLILFDQWO\ DW GLIIHUHQW 1 OHYHOV ZLWK VSHFLHV
VSHFLILFLW\ 7KH SDUWLWLRQLQJ RI WKH ': DQG
DFFXPXODWHG1LQVSLQ\PXGJUDVVZDVDIIHFWHGPRVW
E\1ZKLFKZDVPDLQO\DOORFDWHGWRYHUGXUHDWWKH
ORZ1OHYHO DQGUHVSHFWLYHO\ DQG
WRFOLSSLQJVDWWKHKLJK1OHYHO DQG
UHVSHFWLYHO\ 7KH UDWLRRI':DQGDFFXPXODWHG1
LQ EHUPXGDJUDVV DOORFDWHG WR YHUGXUH LQFUHDVHG
VOLJKWO\ZKLOHWKDWDOORFDWHGWRFOLSSLQJVGHFUHDVHG
DW WKH ORZ 1 OHYHO 7KH 1 DOORFDWHG WR YHUGXUH
VOLJKWO\ GHFUHDVHG DQG WKDW DOORFDWHG WR FOLSSLQJV
LQFUHDVHGDWWKHKLJK1OHYHO7KHUDWLRRI':DQG
DFFXPXODWHG1DOORFDWHGWRYHUGXUHDQGFOLSSLQJVLQ
]R\VLDJUDVV FHQWLSHGHJUDVV DQG SDVSDOXP ZDV QRW
DIIHFWHGE\1
9DULDWLRQ DPRQJ FXOWLYDUV DW GLIIHUHQW 1
OHYHOV&XOWLYDUVRI]R\VLDJUDVVGLIIHUHGVLJQLILFDQWO\
LQ WRWDO SODQW ': DQG WRWDO SODQW DFFXPXODWHG 1
DFURVV WKH WKUHH 1 OHYHOV 7DEOH   :LWKLQ
]R\VLDJUDVVWKHFXOWLYDUV µ6X]KL1R¶DQGµ=¶
Z. sinica× Z. matrella) were the most sensitive to
the low N condition, with the greatest decrease in
total plant DW compared with that of the control at
WKH ORZ 1 OHYHO 7KH FXOWLYDU µ6X]KL 1R¶ =
japonica× Z. tenuifolia) was the most tolerant to the
low N condition, with no differences in the total
plant DW with that of the control, and the total plant
accumulated N decreased the least. Under the high
1OHYHOWKHWRWDOSODQW':RIWKHFXOWLYDUµ=¶ =
matrella) increased, and the total plant accumulated
N increased the most and the plant NUE decreased
the least, while the total plant DW of other cultivars
of zoysiagrass slightly decreased or showed no
differences compared with the control.
6SHFLHVRIEHUPXGDJUDVVGLIIHUHGVLJQLILFDQWO\
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DW, while & GDFW\ORQ î & QOHPIXHQVLV DQG &
WUDQVYDDOHQVLVî&GDFW\ORQZDVQRWGLIIHUHQWIURP
WKH FRQWURO ,W ZDV LQWHUHVWLQJ WKDW WRWDO SODQW
DFFXPXODWHG 1 LQ & GDFW\ORQ î & QOHPIXHQVLV
LQFUHDVHGPRUHWKDQ&WUDQVYDDOHQVLVî&GDFW\ORQ
E\  DQG  UHVSHFWLYHO\ ZKLOH WKH
SODQW18(GHFUHDVHGPRUHWKDQ&WUDQVYDDOHQVLVî

LQ WRWDO SODQW ': WRWDO SODQW DFFXPXODWHG 1 DQG
SODQW18(DFURVVWKHWKUHH1OHYHOV 7DEOH 7KH
VSHFLHV&GDFW\ORQî&QOHPIXHQVLVGHFUHDVHGOHDVW
LQWRWDOSODQW':ZKLOHLWLQFUHDVHGWKHPRVWLQWKH
SODQW 18( IROORZHG E\ & WUDQVYDDOHQVLV î &
GDFW\ORQDQG&GDFW\ORQFRPSDUHGZLWKWKDWRIWKH
FRQWURO LQ WKH ORZ 1 FRQGLWLRQ 8QGHU WKH KLJK 1
OHYHOVSHFLHVRIC. dactylon decreased in total plant

7$%/(
7KHWRWDOSODQWGU\ZHLJKW ': WRWDOSODQWaccumulated NSODQWQLWURJHQXVHHIILFLHQF\ 18( RI
FXOWLYDUVRIzoysiagrass DWWKUHH1OHYHOV
Total plant DW
Species

Total plant accumulated N

2

(mg/cm )

Cultivars

Plant NUE

2

(mg/cm )

(gDW/gN)

0 mM

5 mM

40 mM

0 mM

5 mM

40 mM

0 mM

5 mM

40 mM

Lanyin3

92.12b

96.25b

93.54b

0.70bc

1.05 c

1.70bc

212.34a

157.13a

88.00ab

Z129

75.02bc

85.93cd

80.92bc

0.96ab

1.31 b

1.71bc

116.79d

93.19c

74.97b

Z. sinica

Z008

65.87cd

73.34ef

79.37bc

0.67bc

0.91 cd

1.25de

154.80c

115.36bc

82.09ab

Z. matrella

Z014

69.68cd

77.79de

96.08b

0.73bc

1.24 b

1.95ab

167.17bc

105.90c

81.60ab

Z. tenuifolia

Z160

114.72a

137.84a

130.54a

1.07 a

1.55 a

2.07 a

199.49a

146.71ab

93.29a

Z. sinica

Suzhi No.3

51.60d

70.51ef

66.90cd

0.56 c

0.92 cd

1.25 de

145.28c

111.76bc

77.44b

× Z. matrella Z22-2

74.45bc

E

76.06c

0.65 c

1.00 c

1.43 cd

191.68ab 130.29abc 83.18ab

Z.japonica

62.59cd

I

55.83d

0.62 c

0.79 d

0.99 e

163.09c

118.65bc

81.18ab

**

**

**

**

**

**

**

*

ns

Z. japonica

Suzhi No. 1

× Z. tenuifolia sig.

Different small letters mean significantly differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO

7$%/(
7KHWRWDOSODQWGU\ZHLJKW ': WRWDOSODQWaccumulated NSODQWQLWURJHQXVHHIILFLHQF\ 18( RI
FXOWLYDUVRIbermudagrass DWWKUHH1OHYHOV
Species
C. dactylon

Total plant DW

Cultivars

Total plant accumulated N

Plant NUE

0 mM

5 mM

40 mM

0 mM

5 mM

40 mM

0 mM

5 mM

Nanjing

E

F

F

D

E

F

E

EFG

D

Yangjiang

D

D

DE

D

DE

EF

D

DE

D

Suzhi No.4 F

F

EF

E

E

EF

E

DEF

D

Tifton85

D

D

D

D

DE

D

E

FG

E

C. Transvaalensis Tifdwarf

E

EF DE

E

E

EF DE

D

D

DE

D

DE

D

D

DE

E

EFG

D

Suzhi No.2 DE EF D

D

DE

DE

E

G

D

**

*

**

*

*

*

C. dactylon×

× C. dactylon

Tifway

sig.

**

*

*

Different small letters mean significant differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
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7$%/(
7KHWRWDOSODQWGU\ZHLJKW ': WRWDOSODQWaccumulated NSODQWQLWURJHQXVHHIILFLHQF\ 18( RI
FXOWLYDUVRIcentipedegrass DWWKUHH1OHYHOV
Species

Cultivars

Total plant DW
0 mM

E. ophiuroides E92-1
E039
sig.

DE
D
ns

Total plant accumulated N

Plant NUE

5 mM 40 mM 0 mM

5 mM

40 mM

0 mM

5 mM

40 mM

E D
D D

D
D

E
D

E
D

D
E

D
E

D
E

ns

*

**

**

**

*

ns

Different small letters mean significant differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO

7$%/(
7KHWRWDOSODQWGU\ZHLJKW ': WRWDOSODQWaccumulated NSODQWQLWURJHQXVHHIILFLHQF\ 18( RI
FXOWLYDUVRIpaspalum DWWKUHH1OHYHOV
Species

Total plant DW

Cultivars

0 mM
P. paspaloides P018
P. vaginatum Adalayd
sig.

40 mM

0 mM

5 mM

40 mM

D D D
E E E

D
E

D
E

D
E

**

**

**

**

5 mM

Total plant accumulated N

**

**

Plant NUE
5 mM

40 mM

E E
D D

0 mM

E
D

**

**

**

Different small letters mean significant differences among treatments at the P<0.05 level.
QV QRWVLJQLILFDQW
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO
6LJQLILFDQWDWWKHSUREDELOLW\OHYHO

& GDFW\ORQ DW  DQG 
UHVSHFWLYHO\FRPSDUHGZLWKWKDWRIWKHFRQWURO7KH
LQWUDVSHFLILFGLIIHUHQFHLVJUHDWHUWKDQWKHGLIIHUHQFH
EHWZHHQ VSHFLHV LQ EHUPXGDJUDVV &XOWLYDUV RI
µ<DQJMLDQJ¶ &GDFW\ORQ ZHUHWKHPRVWWROHUDQWWR
WKHORZ1VXSSO\ZLWKDWRWDOSODQW':WKDWVKRZHG
QR GLIIHUHQFHV ZLWK WKDW RI WKH FRQWURO ZKLOH WKH
SODQW18(LQFUHDVHGWKHPRVW
7KHUH ZDV QR GLIIHUHQFH EHWZHHQ WRWDO SODQW
':EHWZHHQFXOWLYDUµ(-¶ E. ophiuroides) and
the FRQWURO ZKLOH WKDW RI µ(¶ (E. ophiuroides)
decreased. The total plant accumulated N of cultivar
µ(-¶decreased less than WKDWRIµ(¶ZKLOHWKH
plant NUE LQFUHDVHGPRUHWKDQWKDWRIµ(¶DWWKH
low N level (Table 6). Under the high N level, the
total plant DW of cultivars µ(-¶DQGµ(¶ (E.
ophiuroides) all decreased. The total plant
DFFXPXODWHG1RIµ(-¶LQFUHDVHGZKLOHWKHSODQW
NUE was not different from the control. The total
SODQWDFFXPXODWHG1DQGSODQW18(RIµ(¶DOVR
decreased.
6SHFLHV RI SDVSDOXP GLIIHUHG VLJQLILFDQWO\ LQ
WRWDOSODQW':WRWDOSODQWDFFXPXODWHG1DQGSODQW
18(DFURVVWKH WKUHH1OHYHOV 7DEOH 7KH total
plant DW and total plant accumulated NGHFUHDVHG
LQ VSHFLHV RI P. paspaloides, while there was no
difference with the control in P. vaginatum at a low
N level. There was no significant difference in the

high N adaptability between P. paspaloides and P.
vaginatum.

CONCLUSION
2I DOO SODQW QXWULHQWV 1 LV WKH PRVW OLNHO\ WR
DIIHFWSODQWJURZWK:KHQ1 ZDVOLPLWHG7+//
/:GU\ZHLJKWDQGDFFXPXODWHG1LQFOLSSLQJVDQG
YHUGXUHDOOGHFUHDVHGZKLOHWKHSODQW18(LQFUHDVHG
8QGHU D KLJK 1 OHYHO the verdure DW indeed
decreasedEXWWKH7+/:URRW':SODQW':URRW
DFFXPXODWHG 1 DQG SODQW 18( KDG QR VLJQLILFDQW
GLIIHUHQFHIURPWKHFRQWURO, suggesting that it is not
necessary to apply high levels of N.
:DUPVHDVRQ JUDVVHV GLIIHU PDUNHGO\ ZLWK
UHJDUGVWRWKHLU1UHTXLUHPHQW1KDVOLWWOHHIIHFWRQ
WKHSDUWLWLRQLQJRIGU\ZHLJKWDQGDFFXPXODWHG1LQ
]R\VLDJUDVVIROORZHGE\FHQWLSHGHJUDVVSDVSDOXP
DQGEHUPXGDJUDVVDQGVSLQ\PXGJUDVVLQRUGHURI
VHQVLWLYLW\8QGHUDKLJK1OHYHOWKHVSLQ\PXGJUDVV
DQG FHQWLSHGHJUDVV GHFUHDVHG LQ WRWDO SODQW ':
FRPSDUHG ZLWK WKH FRQWURO DQG WKH WRWDO SODQW
DFFXPXODWHG 1 DQG SODQW 18( ZDV QRW GLIIHUHQW
IURPWKHFRQWUROVXJJHVWLQJWKDWWKHVHSODQWVGLGQRW
DGRSW D KLJK 1 FRQGLWLRQ 7KH ]R\VLDJUDVV
EHUPXGDJUDVV DQG VSLQ\ PXG JUDVV VKRZHG QR
GLIIHUHQFHVIURPWKHFRQWUROLQWRWDOSODQW':DQG
WKH WRWDO SODQW DFFXPXODWHG 1 LQFUHDVHG ZKLOH WKH
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SODQW 18( GHFUHDVHG 7KH FHQWLSHGHJUDVV ZDV WKH
PRVW WROHUDQW RI WKH ORZ 1 VXSSO\ IROORZHG E\
]R\VLDJUDVVEHUPXGDJUDVVDQGSDVSDOXPDQGVSLQ\
PXGJUDVV7KHVSLQ\PXGJUDVVZDVVHQVLWLYHWRD
ORZ 1 VXSSO\ EHFDXVH WKH UDWLR RI GU\ ZHLJKW DQG
DFFXPXODWHG1LQWKHFOLSSLQJVGHFUHDVHGPRVWDQG
WKHSODQW18(LQFUHDVHGWKHOHDVW7KHWROHUDQFHRI
WKH FHQWLSHGHJUDVV WR WKH ORZ 1 VXSSO\ EHFDXVH RI
WKH UDWLR RI GU\ ZHLJKW DOORFDWHG WR WKH URRWV
LQFUHDVHG PRVW DQG WKH SODQW 18( LQFUHDVHG PRVW
FRPSDUHG ZLWK WKDW RI WKH FRQWURO 7KH FXOWLYDUV
µ6X]KL 1R¶ µ<DQJMLDQJ¶ µ(¶ DQG µ$GDOD\G¶
KDG WKH SRWHQWLDO WR EH XVHG DV ORZPDLQWHQDQFH
WXUIJUDVVHV

[6] Guertal EA, Evans DL (2006) Nitrogen rate and
mowing
height
effects
in
TifEagle
bermudagrass establishment. Crop Sci 46:17721778.
[7] Kant S, Bi YM, Weretilnyk E, Barak S,
Rothstein SJ (2008) The Arabidopsis halophytic
relative thellungiella halophila tolerates
nitrogen-limiting levels by maintaining growth,
nitrogen uptake, and assimilation. Plant Physiol
147:1168-1180.
[8] Henning SW, Branham BE, Mulvaney RL
(2013) Response of turfgrass to urea-based
fertilizers formulated to reduce ammonia
volatilization and nitrate conversion. Biol Fert
Soils 49: 51-60.
[9] Korzeniowska J, Stanislawska-Glubiak E (2013)
A comaprison of the suitability of several
methods to estimate the bioavilability of
elements in soils to plants. Fresen Environ Bull
22: 943-949.
[10] 3DWWRQ $- 7UDSSH - 3RPSHLDQR $  
=R\VLDJUDVV JURZWK DV LQIOXHQFHG E\ QLWURJHQ
VRXUFHLQDJUHHQKRXVHWULDO,Q.DUFKHU'(
3DWWRQ$-5LFKDUGVRQ0' (GV $UNDQVDV
7XUIJUDVV 5HSRUW  $UNDQVDV $JULFXOWXUDO
([SHULPHQW 6WDWLRQ 8QLYHUVLW\ RI $UNDQVDV
'LYLVLRQ RI $JULFXOWXUH )D\HWWHYLOOH $5 SS

[11] *XHUWDO($+LFNV&$  1LWURJHQVRXUFH
DQG UDWH HIIHFWV RQ WKH HVWDEOLVKPHQW RI
µ7LI6SRUW¶ DQG µ7LIZD\¶ K\EULG EHUPXGDJUDVV
&URS6FL
[12] &LHSLHOD*$*RGOHZVND$-DQNRZVND-  
7KH HIIHFW RI ELRVWLPXODQW RQ \LHOGV RI PL[HG
JUDVVUHGFORYHUVWDQGVDQGFKORURSK\OOFRQWHQW
LQ FURS SODQW OHDYHV XQGHU GLIIHUHQW QLWURJHQ
IHUWLOLVDWLRQ UHJLPHV )UHVHQ (QYLURQ %XOO 

[13] Walker, KS, Bigelow CA, Smith DR, Van
Scoyoc GE, Reicher ZJ (2007) Aboveground
responses of cool-season lawn species to
nitrogen rates and application timings. Crop sci
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[14] Wherley BG, Sinclair TR, Dukes MD,
Schreffler AK (2011) Nitrogen and cutting
height influence root development during
warm-season turfgrass sod establishment.
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[15] -LDQJ =6XOOLYDQ:0+XOO 5-  1LWUDWH
XSWDNHDQGQLWURJHQXVHHIILFLHQF\E\.HQWXFN\
EOXHJUDVVFXOWLYDUV+RUWVFLHQFH
[16] +HJJHQVWDOOHU $+ 0RRUH .- /LHEPDQ 0
$QH[ 53   1LWURJHQ LQIOXHQFHV ELRPDVV
DQG QXWULHQW SDUWLWLRQLQJ E\ SHUHQQLDO ZDUP
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ABSTRACT

INTRODUCTION

The present study was carried out to determine
as to whether changes in the activities of antioxidant
enzymes and some other attributes could be used as
drought tolerance markers in eight sunflower lines
(RGK15, RGK21, RGK25, RGK26, AGK2,
AGK30, AGK46, AGK330, produced at Khoy Agricultural Research Station) at the Research Station of
University of Tabriz. Under control and field water
deficit stress during two growing seasons (20142015) were carried out. Under water deficit stress,
the plant height, RWC as well as chlorophyll content
(SPAD) were decreased significantly compared to
the control condition in all sunflower lines. In contrast, water deficit stress enhanced significantly three
superoxide dismutases (SOD), two peroxidases
(POX) and catalase (CAT) isozymes activities as
well as proline and malondialdehyde (MDA) contents in nearly all lines. The total phenolics and H2O2
remained genotype dependent and showing highly
significant stress × line interactions. The total protein content was not influenced significantly by water deficit stress and genotype differences. So, it
seems that the increment of antioxidant enzyme
activities and key organic osmolyte contents could
be useful tools for drought tolerance genotype
screening. Of different antioxidant enzymes and
osmolytes analyzed, two POX activities, proline and
MDA contents were found to be a reliable marker of
water deficit stress tolerance in the set of sunflower
lines examined. These markers were substantially
higher in relatively drought tolerant AGK46 sunflower line.

Water deficit stress can pose adverse effects on
growth and yield of several crops, and it is known to
be the most damaging to crops compared to other
abiotic stresses [8, 15].
Under water deficit stress, most of plant species
respond by synthesizing/accumulating a variety of
organic osmolytes. Of various organic osmolytes,
glycine betaine (GB) and proline are two major ones
that considerably accumulate in response to water
deficit stress as well as some other stresses. Although their tangible roles in plant stress tolerance remain debatable, both compounds are believed to
have beneficial effects on maintaining the integrity
of enzymes and membranes under stressful environments [5]. In addition, many reports have shown a
positive relationship between GB and proline
accumulation and crop stress tolerance [30, 17].
Water deficit stress also poses considerable effects on plant photosynthesis. In most crop species,
contents of key photosynthesis decrease thereby
resulting in reduced rate of CO2 assimilation [14,
16]. Furthermore, water deficit stress generates high
accumulation of reactive oxygen species (ROS)
which may damage cellular membranes to a great extent [4]. For example, four forms of cellular ROS,
singlet oxygen (O2), superoxide radical (O2-), hydrogen peroxide (H2O2) and the hydroxyl radical (OH-)
are frequently generated in the cell under water deficit stress [4]. All of these oxidants can perturb a variety of biochemical reactions by disrupting a number
of metabolites [21]. However, to counteract the excess production/accumulation of ROSs, most plants
have the ability to generate enzymatic and non-enzymatic antioxidants. The most promising enzymatic
antioxidants are superoxide dismutase (SOD),
peroxidase (POX), and catalase (CAT) which can
scavenge O2- and H2O2. Some of the key non-enzymatic antioxidants including ascorbate, glutathione,
carotenoids, polyphenols and anthocyanins which

KEYWORDS:
Antioxidant enzyme, Osmolyte contents, Sunflower lines,
Water deficit.
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can easily scavenge O2 and OH-. In view of a number
of reports antioxidant response is correlated with
tolerance of individual crop cultivars to water deficit
stress [18]. Sunflower (Helianthus annuus L.) is one
of the most important oil crops and due to its high
content of unsaturated fatty acids and to the lack of
cholesterol oil has a desirable quality. Rauf reported
that irrigation at the flowering stage increases the
seed yield by more than 60% in compa-rison to the
control [27].
This study was performed in order to evaluate
water deficit stress effects on sunflower grain yield
as well as examine as to whether relative water content (RWC), chlorophyll content (SPAD), proline
content, total phenolics, H2O2, malondialdehyde
(MDA), total soluble protein, antioxidant enzymatic
activities (SOD, POX and CAT) in eight lines of
sunflowers.
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KI as extracts. The optical density of the supernatant
was noted at 390 nm.
The level of leaf lipid peroxidation was
measured in terms of thiobarbituric acid-reactive
substances concentration following Carmak and
Horst [12].
For determining total phenolics, leaf tissue (50
mg) was ground well in 80% acetone and subjected
to centrifugation at 10,000 g for 10 min. To an aliquot of 100 μl of the supernatant 2 ml of water and
1 ml of Folin±&LRFDOWHDX¶V SKHQRO UHDJHQW ZHUH
added and shaked vigorously. Thereafter 5 ml of
20% sodium carbonate solution were added and the
volume was raised to 10 ml by adding distilled water.
The absorbance of all treated samples was read at
750 nm [25].
Antioxidant enzymes and electrophoretic
analysis. The crude extracts of fresh and healthy
leaves from adult plants of each experimental plot
were prepared with separate mortars and pestles in a
Tris-HCl extraction buffer (Tris 50 mM, pH 7.5, sucrose 5%, ascorbic acid 50 mM, sodium metabisulfite 20 mM, PEG 2% and 2- mercaptoethanol 0.1%)
before use [33], with a ratio of 0.5 mg ml-1 (1W: 2V)
and centrifuged at 4ºC and 10,000 g for 10 minutes
using small Eppendorf tubes. Enzyme extracts were
immediately absorbed onto 3×5 mm wicks cut from
Whatman 3 mm filter paper and loaded onto 7.5%
horizontal slab polyacrylamide gels (0.6×15×12 cm
sizes) using the TBE (Tris-Borate-EDTA) electrode
buffer (pH= 8.8). Electrophoresis was carried out at
4°C for 3 h (constant current of 30 mA, and voltage
of 180V). Prepared by tris- borate pH= 8.7, one of
the slices from the slab gels were stained after
electrophoresis with TBE electrode buffer for
measuring three enzyme activities. The staining
protocol for superoxide dismutase (SOD), catalase
(CAT) was performed according to Soltis and Soltis
[29] and peroxidase (POX) according to Olson and
Varner [26]. The stained gels were fixed and scanned
at suitable state. The protein content of the enzyme
extracts was determined by Bradford [9] method
using bovine serum albumin (BSA) as a standard. An
image analysis proJUDP³0&,'VRIWZDUH´ZDVXVHG
to measure D×A (optical density× area) for each
isozyme activity.

MATERIALS AND METHODS
Plant materials and field experiments. Two
separate experiments in randomized complete block
designs were carried out, during two growing seasons (2014-2015) for comparing the eight sunflower
lines (RGK15, RGK21, RGK25, RGK26, AGK2,
AGK30, AGK46, AGK330 produced at Khoy
Agricultural Research Station) at the Research Station of University of Tabriz (Tabriz, Iran). One
experiment was performed at normal irrigation
condition, as control and the other with interrupted
irrigation during 27 days just before flowering.
Three replications were used in each experiment in
both years. The experimental plots included two
rows of 3 m long and 0.75 m wide.
Traits measurement. Two agronomic traits
including grain yield per plant and plant height were
evaluated. Fresh leaf samples were collected after
water deficit stress for other measurements.
The leaf water content (RWC) was estimated
following the gravimetric method as described by
[32]. The chlorophyll content of the second and third
leaf was measured with a SPAD-502 Chlorophyll
Meter (Minolta Corporations, Ramsey, NJ, USA).
Free proline content of fresh leaves was determined using the procedure described by Bates et al.
[7]. The leaf samples (each 500 mg) were ground in
3% (w/v) sulfosalicylic acid and subjected to
centrifugation at 4000 g for 10 min at 4 °C. The
supernatant so resulted to was treated with acid
ninhydrin and glacial acetic acid. By treating the
mixture with toluene the optical densities of all samples were measured at 520 nm.
The levels of hydrogen peroxide (H2O2) were
measured following the procedure reported by
Velikova et al. [35] using. 0.1% (w/v) TCA, 10 mM
potassium phosphate buffer (pH 7.0) and 1 ml 1 M

Statistical Analysis. The factorial experiment
was set up and analysed based on randomized complete block design with three replicates. Data analysis were performed by SPSS software and significant
differences among treatment means were estimated
by least significant-difference (LSD) test at P<0.05
level. The Pearson correlations between studied
traits were calculated by the same software.

2975

© by PSP

Volume 26 ± No. 4/2017 pages 2974-2982

Fresenius Environmental Bulletin

significantly decreased, probably by diminished cell
expansion and cell division under water deficit stress
[23]. Leaf water status (RWC) may accurately define
the demand and supply of water. Plants, for their
survival under water deficit conditions, tend to retain
reasonable amount of water so as to ensure the
normal functioning of all cellular metabolic
processes. It is generally believed that RWC
decreases in most plants in response to water deficit
stress [10, 11]. Our results also show that, RWC
decreased in sunflower lines in response to water
deficit stress. This result is concordant with Rauf
(2008) [27]. Chlorophyll concentration is known to
be one of the major factors affecting photosynthetic
capacity [38]. There are many conflicting opinions
in the literature about the change in chlorophyll
content of leaves under water deficit stress. Some
studies carried out to investigate chlorophyll content
under water deficit stress have reported reductions in
cotton [20] and sunflower [2]. Water shortage is
known to inhibit photosynthesis by damaging photosynthetic apparatus [24]. In the present study, water
stress caused considerable reduction in chlorophyll
content in sunflower lines.

RESULTS AND DISCUSSION
Analysis of variances showed that for grain
yield, plant height, RWC and chlorophyll content
(SPAD) the stress × line interactions was not significant excepted for grain yield but differences between
lines and between stress levels were significant for
plant height, chlorophyll content and grain yield, for
RWC only stress levels did not showed significant
effect in sunflower lines (Table 1). The mean
comparisons of three characteristics for which stress
× line interactions were not significant, are shown in
Table 2. It seems that AGK46 had a stable and good
performance for both characteristics at stress condition comparing to other lines. For RWC a significant
decrement was obtained in water deficit stress condition. Water deficit stress caused a significant decrease in grain yield of majority of lines relative to
that under control condition. This decrease was
higher in AGK2, AGK330 and RGK25. AGK30 displayed minimum grain yield reduction (Fig. 1).
Our results indicated that the grain yield and
plant height of majority of sunflower lines were

TABLE 1
Combined analysis of variance for the effects of lines and water deficit stress on the studied traits of
sunflowers lines in filed conditions during two seasons (2013-2014).
MS
D.F
SOD1
SOD2
SOD3
POX1
POX2
CAT
H2O2
MDA
Total phenolics
Total protein
soluble
Proline
Chlorophyll content
RWC
Plant height
Grain yield

Year (Y)
1
9.7ns
47.1ns
1.3ns
10.2ns
1.6ns
11.1*
34.1ns
9.2ns
0.9ns

Replication
4
14.1ns
7.4ns
2.9ns
9.1ns
0.9ns
3.6ns
109.1**
6.1ns
2.4**

3.1ns

8.3**

ns

ns

7.6
48.7*
101.5ns
47.3ns
271.6ns

3.9
12.1*
559.2ns
140.9ns
202.5ns

Line (L)
7
3.7ns
7.8ns
3.4ns
5.3ns
1.9ns
3.6ns
109.5**
30.2**
1.9*
1.3ns
**

36.3
57.8**
522.1ns
4917.3**
1213.4**

S.O.V
Stress (S)
Y×L
1
7
38.2**
5.4ns
**
94.3
7.5ns
2.3ns
0.8ns
36.40*
1.1ns
10.4**
2.1ns
20.1**
4.9ns
49.3ns
11.4ns
24.2*
5.4ns
0.1ns
1.1ns
0.2ns
**

21.2
120.5**
8952.1**
1661.5**
3711.1**

Y×S
1
9.5ns
1.3ns
4.7ns
1.3ns
1.7ns
1.3ns
10.9ns
6.3ns
0.7ns

L×S
7
90.2**
50.1*
12.2**
97.6**
18.2**
27.3**
109.8**
13.1*
10.6**

Y×L×S
7
2.9ns
5.1ns
1.2ns
9.8ns
2.1ns
3.8ns
10.9ns
5.1ns
0.6ns

Error
60
6.5
8.3
1.8
7.9
1.1
3.3
37.2
6.3
0.5

0.3ns

1.6ns

2.3ns

0.3ns

1.1

ns

ns

1.6
9.3ns
588.1ns
136.4ns
74.5ns

5.1
20.2ns
585.1ns
469.1ns
154.1ns

**

30.1
10.1ns
596.8ns
168.1ns
991.7*

ns

1.3
8.8ns
617.8ns
155.9ns
221.5ns

4.4
6.3
559.1
201.3
203.2

ns, *, **: non-significant and significant differences at 5 and 1% probability, respectively.
Relative water content (RWC); Malondialdehyde (MDA); Hydrogen peroxide (H 2O2); Isozymes of superoxide dismutase
(SODs); Isozymes of peroxidase (POXs); Catalase (CAT).

TABLE 2
Mean comparisons for significant main effects in sunflower lines and environment conditions.
AGK2
AGK30
AGK330
AGK46
RGK15
RGK21
RGK25
RGK26
Stress
Normal
LSD 5%

Plant height (cm)
107.3
98.9
116.6
108.7
96.8
97.8
103.1
103.8
99.7
108.5
5.79

Chlorophyll content (SPAD)
28.64
31.12
27.51
30.64
28.05
28.07
30.54
34.04
28.71
30.94
1.02
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60

Control

Grain yield
(g)
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Water deficit

40
30
20
10
0
AGK2

AGK30

AGK330

AGK46

RGK15

RGK21

RGK25

RGK26

Lines

FIGURE 1
Effects of water deficit on the grain yield of sunflower lines. The data are the averages of values (±S.E)
observed during the two field experiments in 2014 and 2015.
0,108

Control

Proline content
ȝJJIUHVKZHLJKW

0,107

Water deficit

0,107
0,106
0,106
0,105
0,105
0,104
0,104

Lines

FIGURE 2
Proline content in eight sunflower lines under control and water deficit conditions. The data are the
averages of values observed during the two field experiments in 2014 and 2015.

and phenolics are believed to play an important role
in plants exposed to abiotic stresses [28]. For example, increased synthesis/accumulation of soluble
phenolics was reported to be directly correlated with
heat and salt tolerance in sugarcane [36]. Peanut
genotypes grown under field capacity and terminal
drought were not significantly different for phenolic
compounds in leaves at the R5 growth stage during
two years [3]. Drought reduced polyphenols in all
cotton genotypes irrespective of drought resistance
levels [37]. This decrease in phenolic contents could
have been due to the reason that water deficit at early
stages of rape development and during the flowering
process may have strongly reduced the accumulation
of phenolic compounds [1]. For H2O2 and MDA content stress × line interactions were significant (Table
1). The water deficit stress had an opposite effect on
H2O2 content in AGK2 and AGK46 from on hand
and AGK30 from other hand (Fig. 3). MDA content
increased in sunflower lines in water deficit stress,
but it was much higher in nearly all lines, especially
in RGK 21 and RGK26 (Fig. 3). MDA and H2O2
were also found previously to be increased at different osmotic gradients in comparison to control in
sunflower genotypes [34].

Proline content in nearly all sunflower lines
was increased significantly under water deficit
condition (Fig. 2). The content of proline was increased more substantially in AGK46 and AGK330.
Proline accumulation in stressed plants maintain
membrane integrity, reduce oxidation of lipid membranes, protect and stabilize ROS scavenging enzymes, and contribute to stabilizing sub-cellular
structures, scavenging free radicals, and buffering
cellular redox potential [5]. In our study, higher levels of proline in whole lines might have been involved in osmoregulation, which in turn may allow
additional water to be taken up from the growth medium thereby counteracting the adverse effects of
water deficit stress on plant metabolism [19]. Water
deficit stress increased proline accumulation in sunflower. This phenomenon may be a part of a mechanism that prevents loss of water in the plant through
osmotic adjustment [31].
The response for total soluble protein content
did not showed significant effect under water deficit
stress (Table 1). The water deficit stress had a
significant interaction effect on total phenolics of
sunflower lines (Table 1). This interaction can be attributed to opposite response of AGK2 and AGK46
(Fig. 3). Of a variety secondary metabolites, terpenes
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B

Control

Water deficit

1,35
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1,20
1,15
1,10
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MDA
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C
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20
15
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5
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Lines

FIGURE 3
Effects of water deficit stress on total phenolics (A), H 2O2 (B) and MDA (C) contents in sunflower lines.
The data are the averages of values (±S.E) observed during the two field experiments in 2014 and 2015.

FIGURE 4
Example of superoxide dismutases (A) of catalase (B) and of peroxidases (C) banding pattern for
control and water deficit stress under field conditions in sunflower lines.
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POX activities about 20, 95 and 47 percent,
respectively. Enhanced POX and CAT activities
might efficiently scavenge harmful ROS which was
clearly indicated by significantly decreased O2-,
H2O2, and MDA contents in maize plants [31]. Plants
have the ability to detoxify ROS by up-regulating
antioxidant enzymes, like SOD, POX and CAT.
Kolarovic et al. [18] have reported enhanced activity
of POX in drought tolerant as well as sensitive maize
genotypes at the seedlings stage under osmotic
stress. A number of studies affirm that high levels of
antioxidants are associated with plant drought
tolerance [4, 22]. Cu/Zn-SOD overexpress-ing in
transgenic tobacco plants was observed in multiple
stress tolerance [6].

For SOD, CAT and POX, three, one and two
isoforms were observed, respectively acrylamide
slab gels (Fig. 4). Analysis of variances for these
three antioxidant enzymes, including SOD, CAT and
POX showed that the water deficit stress has a
significant effect on enzymatic activities in sunflower lines and the stress × line interactions were
significant for all isozymes of above mentioned enzymes. Other interactions were not significant
(Table 1). Enzymatic activities analyses of the eight
sunflower line leaves under control and water deficit
conditions were based on staining onto the same
gels. A significant increase for SOD, CAT and POX
antioxidant isoforms in water deficit condition compared to that of control was observed (Fig. 5). The
applied water deficit stress enhanced SOD, CAT and

Water deficit

Control

0,012

0,01
0,009
0,008
0,007
0,006
0,005
0,004
0,003
0,002
0,001
0

SOD2 (Densitometric activity)

SOD1 (Densitometric activity)

Control

Fresenius Environmental Bulletin

0,008
0,006
0,004
0,002
0

Lines

Lines

Control

Water deficit

0,03
CAT (Densitometric activity)

SOD3 (Densitometric activity)

0,007
0,006
0,005
0,004
0,003
0,002
0,001
0

Control

Water deficit

0,025
0,02
0,015
0,01
0,005
0

Lines

Control

Lines

Water deficit

Control

0,014

POX2 (Densitometric activity)

POX1 (Densitometric activity)

Water deficit

0,01

0,012
0,01
0,008
0,006
0,004
0,002
0
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0,014
0,012
0,01
0,008
0,006
0,004
0,002
0

Lines

Lines

FIGURE 5
Mean (±S.E) activities of superoxide dismutases (SODs), catalase (CAT), and peroxidases (POXs)
isoforms of sunflower lines under field control and water deficit conditions.
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TABLE 3
Correlation between studied traits of sunflower lines in field conditions during two seasons (2013- 2014).
1

2

3

4

5

6

0.24
-0.08
0.30
-0.36
0.05

-0.06
-0.48
-0.01
-0.23
0.03

0.34
-0.19
-0.23
-0.49

0.46
-0.16
-0.09

-0.19
0.19

-0.01

-0.25

-0.03

-0.31

-0.08

0.84**

0.57

-0.40

0.21

SOD1 (1)
SOD2 (2)

0.64

SOD3 (3)

0.81*

0.86

POX1 (4)
POX2 (5)
CAT (6)
H2O2 (7)
MDA (8)
Total phenolics
(9)
Total protein
soluble (10)
Proline (11)
Chlorophyll
content (12)
RWC (13)
Plant height
(14)
Grain yield (15)

0.19
-0.39
-0.43
-0.44
-.041

7

8

9

10

11

12

13

14

**

0.52

0.65

0.44

0.81*

0.07

-0.17

-0.11

-0.28

-0.27

-0.42

0.38

0.09

0.04

0.30

0.72*

0.28

0.03

0.16

0.12

-0.18

-0.56

-0.42

-0.49

0.20

-0.27

0.24

0.50

0.39

-0.56

0.61

0.64

0.58

0.36

0.22

-0.11

0.01

-0.28

0.07

0.67

0.12

-0.13

-0.16

0.47

0.10

0.07

0.46

0.70

-0.31

0.33

0.53

0.09

0.72*

-0.13

0.06

0.03

0.39

0.23

0.05

0.13

0.09

0.30

0.31

0.04

0.27

0.61

0.13

0.36

-0.35

0.63

*, **: significant differences at 5 and 1% probability, respectively.
Relative water content (RWC); Malondialdehyde (MDA); Hydrogen peroxide (H 2O2); Isozymes of superoxide dismutase
(SODs); Isozymes of peroxidase (POXs); Catalase (CAT).

[4] Ashraf, M. (2010) Inducing drought tolerance in
plants: some recent advances. Biotechnology
Advances, 28(1), 169-183.
[5] Ashraf, M. and Foolad M.R. (2007) Roles of
glycine betaine and proline in improving plant
abiotic stress resistance. Environmental and
Experimental Botany, 59(2), 206-216.
[6] Badawi, G.H., Yamauchi, Y., Shimada, E.,
Sasaki, R., Kawano, N. and Tanaka, K. (2004)
Enhanced tolerance to salt stress and water
deficit by overexpressing superoxide dismutase
in tobacco (Nicotiana tabacum) chloroplasts.
Plant Science, 166(4), 919-928.
[7] Bates, L.S., Waldren, R.P. and Teare, I.D.
(1973) Rapid determination of free proline for
water-stress studies. Plant and Soil, 39(1), 205207.
[8] Boyer, J.S. (1982) Plant productivity and
environment. Science, 218(4571), 443-448.
[9] Bradford, M.M. (1976) A rapid and sensitive
method for the quantitation of microgram
quantities of protein utilizing the principle of
protein-dye binding. Analytical Biochemistry,
72(1), 248-54.
[10] Burling K., Cerovic, Z.G., Cornic, G., Ducruet,
J.M., Noga, G. and Hunsche, M. (2013)
Fluorescence-based sensing of drought-induced
stress in the vegetative phase of four contrasting
wheat
genotypes.
Environmental
and
Experimental Botany, 89, 51-59.
[11] Canavar, O., Gotz, K., Ellmer, F., Chmielewski,
F. and Kaynak, M.A. (2014) Determination of
the relationship between water use efficiency,
carbon isotope discrimination and proline in
sunflower genotypes under drought stress.
Australian Journal of Crop Science, 8(2), 232242.

Significant and positive correlations were observed between total phenolics and POX2, proline
content and POX1, proline content and CAT and
proline content and plant height. These kinds of
correlations were also obtained between some SOD
isozymes (Tables 3). Of various antioxidant enzymes and metabolites, activities of CAT as well as
the amounts of total VROXEOH SURWHLQV DQG Ȗtocopherols were found to be associated with the
differential response of nine pea cultivars to salt
stress [25]. Significant activation of antioxidant defense mechanisms correlated with drought-induced
oxidative stress tolerance was attributed to the
drought tolerant genotypes in maize [13]. Valizadeh
et al. [33] found a marked decline in SOD activity
and a significant increase in POX activity in alfalfa
cultivars under salt stress condition.
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EFFECTS OF DEFICIT IRRIGATION TREATMENTS ON
SEED YIELD, OIL RATIO AND WATER USE EFFICIENCY
OF SUNFLOWER (Helianthus annuusL.)
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consumption of Turkey is around 650 thousand tons.
However, annual production is about 400-450
thousand tons. The deficit is met through imports
[1].
Insufficient precipitations for plant growth in
arid and semi-arid regions and irregular distribution
of precipitations in these regions create great risks
for sunflower farming. Irrigation is the most
significant yield factor in these regions. However,
global warming and climate change gradually reduce
available water resources for irrigation in various
parts of the world. Increasing domestic and
industrial water demands are also reducing available
water resources for irrigation. The places where this
research was carried out are located within arid
climate zone. High temperature, radiation and low
relative humidity of research sites increase plant
water consumption through evapotranspiration. The
amount of precipitation received throughout
growing season is not also sufficient for optimum
yield levels. In relevant regions, sufficient amount of
water should be supplied to plant at proper periods
for optimum yields. However, water resources are
quite insufficient in arid and semi-arid regions.
Therefore, irrigations should be so planned as to
have optimum water use efficiency. A well-designed
irrigation program is needed for optimum water use
efficiency. With a well-designed irrigation program,
water, energy and fertilizer-like inputs are used
efficiently. Such a program also allows the together
implementation of irrigation, fertigation and
chemigation. In this way, it is possible to get a yield
increase with reduced input costs, thus to get
relatively more profitable production. In this sense,
the studies on irrigation programs for sunflower
farming in semi-arid climates are not sufficient.
Two approaches are commonly used as
creation for irrigation programs: full irrigation and
deficit irrigation. While full irrigation is preferred in
places with sufficient water resources, deficit
irrigation is recommended for the regions with
insufficient water resources. In deficit irrigation,
water is saved by applying less water than plant
requirement and the saved amount is used to irrigate
more fields, in other words to open new fields for
LUULJDWLRQ³,UULJDWLRQZDWHULVUHGXFHGWRDSRLQWRYHU
the production function in which reduction in

ABSTRACT
The present study was conducted as a field
research to investigate the effects of different water
deficit levels applied throughout growing season on
seed yield, oil ratio and water use efficiency (WUE)
of main crop sunflower plants under semi-arid
climate conditions of Siirt and Nevsehir provinces in
2015. Irrigation treatments were set as full irrigation
(I100) in which water depletion in 0-90 cm soil profile
was fully supplied every week, 25% water deficit
(I75) in which 75% of full irrigation was supplied and
50% water deficit (I50) in which 50% of full
irrigation was supplied.A total of 6 irrigations were
performed in both locations and respectively 400.6
and 373.7 mm irrigation water was applied to I100
(control) treatment. Plant water consumption of
control treatment was measured as 551.0 mm in Siirt
and 493.3mm in Nevsehir location.Seed yields in I100
treatment of relevant locations were respectively
observed as 405.7 and 422.2 kgda-1, oil ratios
respectively as 48.2 and 47.8%. The seed yield
obtained from I75 treatment was placed in the same
group (A) with I100 treatment in Siirt province and
placed in subsequent group (B) in Nevsehir
province. In both locations, oil ratio of I 75 treatment
was placed in the same group (A) with I100 treatment.
Water deficits over 25% resulted in significant
decreases in seed yield and oil ratio of sunflower
plants. A significant linear relationship (p<0.01) was
observed between plant water consumption (ET a)
values and seed yields. Average yield response
factor (ky) was calculated as 0.62, water use
efficiency (WUE) as between 0.72- 0.96kgda-1mm-1
and irrigation water use efficiency (IWUE) as
between 1.01-1.31 kgda-1mm-1.

KEYWORDS:
Deficit irrigation, seed yield, oil ratio, drip irrigation,
sunflower, Turkey

INTRODUCTION
Sunflower has a strategic significance in
human nutrition worldwide. Annual sunflower oil
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temperature is 2.7 ºC, long-term average maximum
relative humidity is 70.2% in January and minimum
relative humidity is 29.6% in August.Annual
average relative humidity is 50.41%. Long-term
annual average precipitation is 669.2 mm and
monthly precipitation varies between 1.3-103.6 mm
[10]. Long-term average annual precipitation of
Nevsehir is 421 mm. Precipitation is 30.3 mm in
June, 9.5 mm in July, 4.3 mm is August and 13.1 mm
in September. Average temperature is 0.8 oC in
winter, 10oC in spring, 20.9 oC in summer and 11.7
o
C in autumn [11].
Experimental soils in Siirt location have low
electrical conductivity without a salinity problem.
Lime content was not creating any problem for plant
culture. Soil texture was clay with low phosphorus,
high potassium and medium organic matter content.
Field capacity (FC) was 35.38% (for 0-90 cm),
permanent wilting point (PWP) was 25.57% and soil
bulk density was 1.40 grcm-3. In Nevsehir location,
field capacity was 22.74%, permanent wilting point
was 10.01% and soil bulk density was 1.48 grcm-3.
Irrigation water quality class was C2S1 in Siirt
and C4S2 in Nevsehir location. Irrigation water was
of high quality with an electrical conductivity of 0.34
dSm-1 and 0.27 dSm-1 and a pH of 7.21 and 7.53in
Siirt and Nevsehir provinces, respectively.
Experiments were conducted in in randomized
blocks design with 3 replications.

income is equal to production costs. Since less water
is applied to plants than their actual water
requirement, a certain amount of yield loss is
evident. However, water saving with deficit
irrigation may sometimes reach to significant levels
or a certain amount of yield loss is allowed in deficit
irrigation. In a study carried out with sunflower
under Cukurova conditions (Turkey), 15% decrease
was observed in yield with 36% deficit in irrigation
water [2].
Deficit irrigation is known as the application of
water at levels below full crop water requirements
and it is one of the new strategies designed to
improve water savings in agriculture [3]. The main
purpose of deficitirrigation is to raise the
wateruseefficiency (WUE) and to obtain the highest
yield perunitwater [4]. In arid, semi-aridregions and
the regions with similar climate conditions, scarcity
of water coupled with an ever increasing water
demand has resulted in undesirable deficit irrigation
situations [5]. Kazemeini et al. [6] stated that deficit
irrigation influenced sunflower crop yield and such
influences could be less significant if water stress
was applied to the crop during specific growth stages
that are lesssensitive to moisture deficiency. Erdem
et al. [7] performed a field research on irrigation
scheduling for sunflower in Tekirdag province of
Turkey with an average annual rainfall of 584 mm.
They found that the water use efficiencies were 0.54,
0.52, 0.58, 0.60, and 0.93 kgda -1mm-1 at 679, 584,
470, 227, and 0.0 mm of water applied, respectively.
Genotypes are very importan timprovement material
in crop production, and different genotypes of
sunflower have different responses to waterstress
[8].
In places with water deficits, efficient water use
should be ensured through innovative and
sustainable approaches [9]. The research sites are
located in semi-arid climate zone with insufficient
water resources for irrigation. Therefore, the present
study was conducted under semi-arid climate
conditions to investigate the effects of deficit
irrigation treatments (I100, I75, I50) through drip
irrigation on seed and oil ratio (%) and water use
efficiency of sunflower.

Irrigation Treatments Irrigation treatments
ZHUHVHWDV³IXOOLUULJDWLRQ´ ,100, control treatment)
in which 100% of water depletion in 90 cm soil
SURILOH ZDV VXSSOLHG ³ GHILFLW´ ,75) in which
75% of full irrigation was DSSOLHGDQG³GHILFLW´
(I50) in which 50% of full irrigation was applied.
Irrigation scheduling was set as to have one
irrigation weekly.
For water conveyance and distribution into
plots, PE pipes with 63 mm outer diameter and 10
atm operational pressure were used. In drip
irrigation, a lateral line was installed for each plant
row (70 cm). Water distribution within the plots was
carried out through soft PE pipe lines with 20 mm
outer diameter and 4 atm operational pressure.
Experimental soils have heavy texture with an
infiltration rate of 7 mmh-1. Dripper spacing was
0.30 m, dripper discharge rate was 4 Lh-1. In-line
pressure regulated drippers work at 1 atm
operational pressure. Seed bed was prepared as to
have planting over the ridges. Each plot had 4 rows
70 cm apart and on-row plant spacing was 30 cm.
Plots were 6 m long and 2.8 m wide (16.8 m2).
Sowing was performed with a 4-row pneumatic
single seed planter and seeds were dropped at 4-5 cm
depth. Buffer zones of 2 m were placed to prevent
interactions between the plots and replications.
All of phosphorus fertilizer (9 kgda-1 as pure
P2O5) and one-third of nitrogenous fertilizer (28
kgda-1 N) were applied at sowing and the remaining

MATERIALS AND METHODS
This study was conducted as a field research in
Siirt and Nevsehir provinces (Turkey) in 2015. Siirt
is located at 37° 58' 7.37'' N and 41° 51' 3.87'' E
coordinates with 894 m altitude and Nevsehir is
located at 38° 44' 17.52" N -34° 46' 20.00" E
coordinates with an altitude of 1045 m. P63F73
genotype with oleic acid content was used as the
plant material of the study.
Siirt has terrestrial climate with cold and rainy
winters, hot and dry summers. Annual summer
temperature is 29.6 ºC and minimum winter
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(mm); Rf: runoff (mm); Dp: deep percolation (mm)
DQGǻ6 PP FKDQJHLQVRLOZDWHUVWRUDJHLQURRW
zone. Since the discharge of selected drippers was
lower than soil infiltration rate, runoff was not
encountered. Since a certain amount of water was
applied to bring the current moisture levels into field
capacity, deep percolation was not also observed.
The equations provided in Howell [14] were
used to calculate irrigation water use efficiency
(IWUE) and water use efficiency (WUE) values (Eq.
(5, 6)).
IWUE = Y / I
(5)
WUE =Y/ ETa
(6)
IWUE: Total irrigation water use efficiency (kgda1
mm-1)
WUE: Total water use efficiency (kgda-1mm-1)
Where; Y: Yields of irrigation treatments

two-third of nitrogen was applied in two doses when
the plants reached to a height of 40-50 cm [12].
Following the emergence, thinning was
performed among close plants when the plants
reached to a height of 15-20 cm, hoeing and earthing
up were performed when the plants had 8-9 leaves.
Herbicides were not used since an intense weed
invasion was not observed; only mechanical weed
control was preferred. Before each irrigation,
moisture content at efficient root depth (90 cm) was
determined with gravimetric method. The amount of
irrigation water to be applied in each irrigation was
determined based on full irrigation treatment (I100) as
to bring the deficit moisture in 90 cm soil profile into
the field capacity. Therefore, before each irrigation
of all irrigation treatments, soil samples were taken
from 0-30, 30-60 and 60-90 cm layers of 90 cm soil
profile and moisture content was determined in dryweight base (%). Then the dry-weight-based
moisture contents for each layer were converted into
depths by using the Equation 1; (Eq. (1))
܌ൌ

ሺ۴۱ି۾܅۾ሻܛۯǤ۲


««««««««««

The relationship between relative evapotranspiration reduction (1-Eta/Etm) and relative yield
reduction (1-Ya/Ym) was determine during the
method given by Doorenbos and Kassam [15]. The
equations are as follows,Eq. (7)).

«««(1)

Where; d: soil moisture content in depth (mm),
FC: Field Capacity (%), Pw: dry weight-based
moisture content of each layer (%), As: soil bulk
density (gcm-3) and D: depth of layer (mm). Then,
the moisture depths calculated for each layer are
summed up to get total moisture content in depth (dT)
for efficient root depth (Eq. (2)).
dT=d(0-30)+ d(30-60) + d(60-90)«

(7)
Where, Ya is actual harvested yield, Ym is
maximum harvested yield, ky is yield response
factor, ETa is actual evapotranspiration, ETm is
maximum evapotranspiration.
Following the entire measurements over the
experimental plots, harvest was performed. Side
rows were omitted and 0.5 m from top and bottom of
the rows was not also considered, thus harvest was
made from 5 m sections of inner rows.
Seed yield per decare (kgda-1) :Seed yield was
converted into yield per decare based on harvested
plot size. Crude oil ratio (%): Some of harvested
seeds (about 5 g) were grinded in a hand mill. Then,
1 g sample was taken from this grinded portion and
crude oil contents were determined in an oil analysis
device. All the data acquired through these methods
have been subjected to Analysis of Variance
(ANOVA) in randomized blocks design. Based on
the results obtained from the analysis of variance,
significant treatments were compared through LSD
(Least Significant difference) and Tukey multiple
comparison tests, accordingly [16].

««««(2)

Volume of water to be applied to each plot was
calculated with Equation 3 by multiplying plot size,
deficit ratio (1.0, 0.75, 0.50) and cover ratio (Eq.
(3)):
V= dT.A.Uo.P

(3)

Where; V: Volume of water to be applied (L),
A: plot size (m2), Uo: deficit ratio (%) and P: cover
ratio (%). Cover ratio was calculated through
dividing plant canopy width by plant row spacing.
Cover ratio (CR) was taken as 0.30 until 30% cover,
as the calculated value until 80% cover and fixed at
80% at further values. Water applications were
performed in a controlled manner through water
meters and continuous dripper discharge checks.
Monthly and seasonal evapotranspiration values
were calculated with water balance method by using
weekly soil moisture measurements (90 cm)
throughout the growing season, at the beginning and
end of harvest [13].
ETa = P + I ± Rf± Dpǻ6«

RESULTS AND DISCUSSION
Right after sowing on 9 May 2015 in Siirt and
10 May 2015 in Nevsehir, irrigation water was
supplied through drip irrigation to bring the soil
moisture in 0-90 cm soil profile to field capacity (41
mm in Siirt and 54 mm in Nevsehir), thus to provide
a homogenous emergence. Lower irrigation water

..............(4)

Where; ETa: Evapotranspiration (mm), P:
precipitation (mm), I: amount of irrigation water
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treatment (I75) were between the values of the other
two treatments. Plant water consumption of I100
treatment in Siirt location was 57.7 mm higher. The
reason for this higher value was high temperature,
radiation and low relative humidity, thus higher
plant water consumption of the location.
In previous studies carried out about wateryield relationships in sunflower plants, the amount
of irrigation water applied in full irrigation
treatments in which soil moisture depletion was fully
met varied between 563-769 mm. Sezen [2] reported
values in experimental years respectively as 563 and
611 mm, Erdem et al. [7] as 679 mm, Kaya and
.ROVDUÕFÕ >8] as 578 mm in full irrigation (I100)
treatment of hybrid Sanbro cultivar, 580 mm for
Tarsan-1018 cultivar and 726 mm for Özdemirbey
cultivar in the first year, as 769 mm for Sanbro
cultivar, 726 mm for Tarsan-1018 and again 726 mm
for Özdemirbey cultivar in the second year of
experiments. Current values were lower than the
YDOXHV UHSRUWHG E\ .D\D DQG .ROVDUÕFÕ >@ and
Erdemet al.,[7], but comply with the values of Sezen
et al. [2]. Such different results were mainly because
of cultivars, different soil, climate and
environmental conditions, irrigation programs and
cultural practices.
In previous studies, Sezen et al. [2 ] reported
seasonal water consumption of sunflower as
between 268-607 mm in the first year and between
243-611 mm in the second year; Orta et al. [19] and
(UGHP DQG 'HOLEDú >@ UHSRUWHG WKH ZDWHU
consumption of the plant under conditions where soil
moisture content was maintained at a sufficient level
throughout the entire growing season as 781 mm.
The values reported in those previous studies carried
out in different climate zones were generally higher
than the present values. Sullu and Dagdelen [21]
reported water consumption of sunflower in full

supply in Siirt than Nevsehir was because 60.6 mm
precipitation was observed in May in which sowing
was performed. Irrigation treatments were initiated
together with earthing up (when the plants had 6-8
leaves) on 20.06.2015 (41 days after sowing) when
50% of available moisture was depleted [14] and
treatments were terminated at physiological ripening
stage on 26.08.2015 (100 days after sowing). A total
of 7 irrigations were performed through drip
irrigation. Harvest was performed on 8 September
2015 (120 days after sowing) in Siirt and on 13
September 2015 (125 days after sowing) in
Nevsehir. Harvest was performed 5 days earlier in
Siirt than in Nevsehir since higher temperatures of
Siirt let the plants reach to ripening maturity earlier.
Similarly, effects of air temperature during the crop
development stages were not observed but the higher
temperature during the flowering and seed filling
might have accelerated the physiological maturity
[17].
Amount of irrigation water applied in different
locations (Siirt and Nevsehir) and plant water
consumptions under semi-arid climate conditions of
the present study and relevant statistical analysis
results (LSD groups) are provided in Table 1.
Weekly amount of irrigation water applied in
irrigation treatments varied between 53-61 mm.
While daily water requirement varied between 4-5
mmday-1 in early vegetative period, the value
reached to maximum level (9.5 mmday-1) in preblooming, blooming and head formation periods. In
full irrigation treatment (I100), the amount of
irrigation water applied in Siirt and Nevsehir
locations was respectively measured as 400.6 and
373.7 mm. Seasonal plant water consumption (ET a)
values of full irrigation (I100) varied between 551 and
493.3 mm and the values in excessive water deficit
treatment (I50) varied between 375.7 and 368.1 mm.
The plant water consumptions in the other irrigation

TABLE 1
Means and LSD values for applied irrigation water, ETa, yield and other parameters
Irrigation
treatments

Mean
Irrigation
(mm)

Mean
ETa
(mm)

I100
I75
I50
LSD
(0.05)

400.6
344.3
261.0

551.0
473.3
375.7

Seed yield
(kgda-1)**

WUE
(kgda1
mm-1)*
Siirt location
405.7a
0.74b
398.3a
0.84a
267.4b
0.72b
0.034
6.05

IWUE
(kgda1
mm-1**

Oil yield
(%)**

CWSI**

1.01c
1.15a
1.03b
0.01

48.2a
48.0a
42.3b
3.96

0.30c
0.39b
0.51a

47.8a
47.0a
42.7b
4.50

0.28c
0.37b
0.50a
0.086

Nevsehir location
I100
373.7
493.3
422.2a
0.85b
1.13c
I75
315.6
432.6
414.9b
0.96a
1.31a
I50
242.0
368.1
305.2c
0.83c
1.26b
LSD
4.70
0.017
0.046
(0.05)
S S,WLVsignificant within the errorlimits,ns:notsignificant
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kgha-1) were placed in group (A); the seed yield in
I75 treatment of Nevsehir location (4149 kgha-1) and
full irrigation (I100) (4222 kgha-1) were placed in
subsequent group (B).
The oil ratio obtained from I 75 treatments of
Siirt location (48%) and oil ratio of I100 treatment
(48.2%) were placed in the same group (A);
similarly the oil ratio obtained from I 75 treatment of
Nevsehir location (47%) and I100 treatment (47.8%)
were also placed in the same group (A). Therefore,
I75 treatment may be recommended for optimum
water use efficiency in semi-arid climates. As it was
expected, the lowest seed yields were obtained from
I50 treatments in both locations (2674 kgha-1 and
3052 kgha-1). Relatively higher seed yield of
Nevsehir location was because of cool climate of the
province and 41.6 mm precipitation in June in which
sunflower is quite sensitive soil moisture deficits.
Compared to full irrigation, yield decreased by 2 and
34% with I75 and I50 treatments in Siirt province and
by 2 and 26.4% in Nevsehir province. Deficit
irrigations resulted in small head and thus less
number of seeds per head. Such a case then resulted
in less yield and less oil ratio in deficit irrigations
[2]; [22]. Timing and plant growth stages in which
deficit irrigations are applied significantly influence
seed yield and oil ratio. Deficit irrigations applied in
vegetative period have less effects in yield losses, the
effects are higher when applied in germination,
blooming and seed formation periods. Mohammed
et al. [23] indicated that water stress during the
flowering stage causesconsiderable reduction in seed
yield of sunflower. Therefore, plant growth stages
should be taken into consideration and irrigation
programs should accordingly be created to have
optimum water use efficiency in semi-arid climates.
In previous studies about water-yield
relationships in sunflower with different irrigation
intervals, seed yields were reported as between
2080-3140 kgha-1 in full irrigation treatments and oil
ratios as between 37-42%. The irrigationinterval of
seven days (W) gave the highest seed yield (3130,
3140 and 3100 kgha-1) and 20 days interval after the
flowering stage (F3) gave the lowest seed yield
(2080, 2130 and 2260 kgha-1) in the first, second and
third seasons, respectively. The high oil content
(42%) was recorded under weekly irrigation and the
lowest percentage was (37%) under the irrigation
interval of 20 days after flowering (F3) [24]. Sullu
and Dagdelen [21] reported sunflower oil ratio as
between 38.87- 43.41%. Current findings were also
similar with earlier results [24][25][6][2].

irrigation treatment (I100) as between 563.3-564.9
mm and reported water consumption in 40% water
deficit (I60) as between 405.1-417.2 mm. These
earlier values were similar to current values.
Seasonal water consumption of the same
cultivar may differ in different climates and regions.
It may even be different within the same region.
Such differences may be resulted from differences in
climate, plant, soil characteristics, irrigation
programs and methods and other cultural practices.
In other words, it can be stated that there were
several factors effecting sunflower plant water
consumption from sowing to harvest. Among these
factors, the time to reach harvest maturity (ripening
days), short (early) or long (late) is the most
significant one. While early cultivars have low water
consumption, late cultivars have higher consumption
values. Abiotic stress factors (temperature, relative
humidity, wind) in blooming period may
significantly decrease seed formation and increase
evapotranspiration rates.
Seed yield. The seed yields of irrigation
treatments are provided in Table 1. In both locations,
the greatest seed yield and oil ratio were obtained
from full irrigation treatment and the lowest values
were seen in I50 treatments (Table 1). Seed yield and
oil ratio of the other treatment were in between these
two treatments. Seed yields and oil contents
increased with increasing amount of applied
irrigation water quantities. Deficit irrigations
significantly affected seed yields and oil ratios and
irrigation treatments were placed in different LSD
groups. Similar findings were also reported by
previous researchers [30] [31] [32]. Kaya and
Kolsarici [18] under arid conditions, reported
applied irrigation water quantities as between 578726 mm, seed yield as 2769 kgha-1 in dry conditions
and as 4340 kgha-1 in full irrigation. Kazemeini et al.
[6] also reported the greatest seed yield and oil ratio
in full irrigation treatment and the lowest values in
severe water deficits and recommended not to have
water deficits in sensitive growth stages of
sunflower. Current findings quite comply with those
earlier findings. Variance analyses revealed
significant differences in seed yields and oil ratios of
irrigation treatments in both locations (p<0.01)
(Table 1). LSD grouping revealed 2 groups for seed
yields with 95% confidence in Siirt and 3 groups in
Nevsehir location. Current findings revealed that
water deficits after a certain level resulted in
decreases in seed yield and oil ratio and different
LSD groups. The yield from I75 treatment of Siirt
location (3983 kgha-1) and full irrigation (I100) (4057
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FIGURE 1
Plant water consumption ± seed yield relationship of irrigation treatments
with increasing irrigation water quantities and ET a
ratios. A linear relationship was reported between
corn
grain
yield
and
evapotranspiration
[21][2][30][31][32].
Yield response factor (ky) have recently be used
to consider critical threshold water stress level of
plants. In this way, possible yield losses due to water
stress and water losses due to untimely irrigations
can be prevented. In other words, it is possible to
estimate yield loss ratio with water deficits applied
in any growth stage. However, the yield loss ratio
with deficit irrigation in a growth stage is related to
plant sensitivity against water deficits in relevant
growth stage. In general, plants are more sensitive to
water deficits in germination, blooming and grain
formation stages than vegetative growth stages. The
yield response factor (ky) was calculated as 0.60 in
Siirt and 0.64 in Nevsehir location. 3HMLüHWDO>@
reported yield responsefactor (ky) as 0.20 for total
growthperiod and as 0.27, 0.31 and 0.48 respectively
for the vegetative, flowering and yield formation
stages. Similarly, Sullu and Dagdelen [21] reported
ky factor as 0.74 for entire growth season. Current ky

When the differences in seed yields of full and
deficit irrigation are associated to photosynthesis
metabolism, it can be stated that cells should have
optimum moisture levels for plants to have desired
photosynthesis rates and for photosystem reactions
of chlorophylls to operate at optimum levels [26]. In
this case, with the aid of solar energy adsorbed by
chlorophyll pigments, photolysis of water molecules
takes place.
Then with the photolysis of water, electrons
and protons effective in organic matter formation
through Calvin cycle of photosynthesis take place.
Ultimately, increase in seed yields in full irrigation
(I100) may be resulted from increased organic matter
contents of the plants [27].
The relationship between plant water
consumption and yield of irrigation treatments (I50,
I75 and I100) were respectively identified as Y=2.023
ETa+2005.0 (r2=0.968**), Y=4.399 ET a+1412.0
(r2=0.973**), Y=3.891 ET a+1778.0 (r2=0.997**) in
Siirt location and as Y= 3.175 ET a + 1558.0
(r2=0.984**), Y=4.59 ET a + 1363.0 (r2=0.957**),
Y=4.083 ETa+ 1720.0 (r2=0.994**) in Nevsehir
location (Figure 1). Seed yield linearly increased
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FIGURE 2
The relationship between evapotranspiration reduction and relative yield reduction

increasing applied irrigation water quantities and
reported WUE values as between 0.62-1.14 kgda1
mm-1, IWUE values as between 0.68-1.88 kgda1
mm-1. Sullu and Dagdelen [21] reported water use
efficiency values as between 0.71-1.22 kgda-1mm1
.Current WUE and IWUE values were complying
with the values reported by Sezen et al. [2].
Considering the research locations together, it
was observed that I100 treatment yielded lower
IWUE values than I75 and I50 treatments. It can be
stated that IWUE values decreased with increasing
irrigation water quantities. Similarly, Kang and
Zhang [29] reported increased IWUE values with
decreasing irrigation water quantities.

factors were different (higher) from some previous
ones and similar with the others. Slight differences
in yield response factors were mainly because of
differences in climate parameters, plant water
consumptions, cultivars, soil conditions, irrigation
programs and other cultural practices [30].
Average yield response factor was calculated as 0.62
in this study. It is possible to estimate yield loss in
sunflower plant by using (1 - Ya / Ym) = 0.62 (1 -ETa
/ ETm) value to improve water use efficiency in drip
irrigation under semi-arid climate conditions (Figure
2).
Water use efficiency (WUE) and irrigation
water use efficiency (IWUE) values indicating seed
yield in response to seasonal plant water
consumption are providedin Table 1 for different
irrigation treatments. WUE and IWUE values varied
with irrigation treatments and applied irrigation
water quantities. The lowest WUE value in Siirt and
Nevsehir locations were observed in I50 treatments
respectively with 0.72 and 0.83 kgda-1mm-1, the
highest values were observed in I75 treatments
respectively with 0.84 and 0.96 kgda-1mm-1. The
lowest IWUE values in Siirt and Nevsehir locations
were obtained from I100 treatments respectively with
1.01 and 1.13 kgda-1mm-1 and the greatest values
were seen in I75 treatments respectively with 1.15
and 1.35 kgda-1mm-1. The values of the other
treatment were in between these two treatments.
WUE and IWUE values were quite close to each
other. Except for I50 irrigation treatment, there were
slight differences between WUE values of
treatments. Since applied irrigation water quantities,
water consumptions and seed yields were close to
each other, similar WUE values were observed.
These slight differences were mainly because of
similar water deficits applied throughout the
growing season. WUE values increased with
increasing water consumptions (I100). Similarly,
Sezen et al. [2] indicated increased WUE values with

CONCLUSION AND RECOMMENDATIONS
Deficit irrigation can be considered as an
alternative strategy in regions with deficit water
resources. With deficit irrigations, a significant
water saving can be achieved and larger areas are
served with the available water. Plants may exhibit
quite high response to water deficits, but the losses
observed in yield and quality most of the time stay
within allowable limits. An efficient water use can
be provided and higher yields can be obtained from
unit water in deficit irrigations. The greatest water
use efficiency value (0.90 kgda-1mm-1) was observed
in I75 treatment of both locations. High water use
efficiency does not make any sense alone. However,
when associated with yields, it was observed that I75
treatment was the best treatment converting
irrigation water into yield with an optimum
efficiency. In addition, the seed yield obtained from
I75 treatment was placed in the same group (A) with
I100 treatment in Siirt province and placed in
subsequent group (B) in Nevsehir province. In both
locations, oil ratio of I75 treatment was placed in the
same group with I100 treatment. Water deficits over
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[7] Erdem, T., Erdem, Y., Orta, A.H., Okursoy, H.
2006.Use of a crop water stress index for
scheduling the irrigation of sunflower
(Helianthus annuus L.).Turk Journal Agric For,
20: 11-20
[8] Ahmad, H.,Ahmad, R., Ashraf, M.Y., Ashraf,
M.A., Waraich, E.A., 2009. Sunflower
(Helianthus annus) response to droughtstress at
germination and seedlinggrowthstages. Pak.
Journal. Bot., 41(2):647-654
[9] Payero, J.O.,Melvin, S.R., Irmak, S., Tarkalson,
D. 2006. Yield response of corn to
deficitirrigation in a semiarid climate. Agric
Water Manage, 84 (1-2): 101-112.
[10] DMI. 2016. Meteorological statistics. Turkish
State Meteorological Service. Available at
www.dmi.gov.tr (Accessed: 10 April 2016)
[11] Bagdatli, M. C.,Bellitürk, K., Jabbari, A., 2015.
3RVVÕEOH (IIHFWV RQ 6RLO DQG :DWHU
ResourcesObserved in Nevsehir 3URYÕQFH LQ
Long Annual Temperature and Rainfall
Changing, EurasianJournal of Forest Science,
3(2), p.19-27.
[12] Hammad, H.M., A. Ahmad, F. Abbas and W.
Farhad. 2012. Optimizing water and nitrogen
use for maize production under semiarid
conditions. Turk J AgricFor., 36, 519-532
[13] Zeleke, K.T., Wade, L.J., 2012. Evapotranspiration Estimation Using Soil Water
Balance, Weather and Crop Data.pp. 41b58. In
Irmak, A. (ed). Evapotranspiration Remote
Sensing and Modeling. In Tech Europe, Rijeka,
Croatia
[14] Howell, T.A. 2006. Challenges in increasing
water use efficiency in irrigated agriculture. The
Proceedings of International Symposium on
Water and Land Management For Sustainable
Irrigated Agriculture.April 4-8, 2006,Adana,
Turkey
[15] Doorenbos, J., Kassam, A. H., Yield Response
to Water. Irrigation and Drainage Paper No: 33
FAO, Rome, 193, 1986.
[16] Der, G. and B. S. Everitt. 2002. A Handbook Of
Statistical Analyses Using SAS. Second
Edition. CRC Press LLC, 2000 N.W. Corporate
Blvd., Boca Raton, Florida 33431. USA.
[17] Qadir, G., 2006. Morpho-genetic expression of
sunflower under varied temperature and
moistureregimes. Ph.D. Thesis, University of
Arid Agriculture, Rawalpindi, Pakistan.
[18] Kaya, M. D.,Kolsarici, Ö.,2011 Water
UseFeatures of Sunflower (Helianthus
annuusL.) Hybrids Irrigated at Different Growth
Stages, Journal of Field Crops Central Research
Institute20 (1): 1-5
[19] Orta, A., Erdem, T., Erdem, Y. 2002.
Determination of water stress index in
sunflower. Helia, 25 (37): 27-38.

25% significantly reduced seed yield and oil ratio of
sunflower plants. Therefore, I75 treatment can be
recommended for drip irrigation of sunflower plants
in regions with semi-arid climate and deficit water
resources. On the other hand, in places with
sufficient water resources, I100 treatment with 7%
higher seed yields can be recommended. Crop water
stress index (CWSI) increased inversely with
applied irrigation water quantities. Average yield
response factor was calculated as 0.62. Possible
yield losses can be estimated by using (1 - Ya / Ym)
= 0.62 (1 -ETa / ETm) value in drip irrigation
planning of sunflower plants under semi-arid climate
conditions.
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THE EFFECTS OF GYTJJA ON PLANT GROWTH OF
LETTUCE (Lactuca sativa) IN NICKEL CONTAMINATED
SOILS
Fusun Gulser 1,*, Ferit Sonmez 2, Siyami Karaca 1, T Hasibe Gokkaya 1
2

1
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contamination in soil, water and plant. Malinowska
and Jankowski [8] researched that iron, manganese
and chrome concentrations in herbs varied
considerably depend on species and moisture
section of the experimental field. Jusufi et al. [9]
investigated the levels of some heavy metals in
SRWDWRFURSJURZLQJDURXQG.RVRYR¶VSRZHUSODQWV
They reported that generally agricultural zones are
considered risky to the local FRQVXPHU¶V KHDOWK.
Khan et al. [10] reported that the vegetables
especially leafy ones are highly contaminated with
Pb, Cd, and Ni and can be hazardous for human
health. Shkurta et al. [11] reported that nickel
contents of vegetables (salad) varied between 2.84
and 9.16 mg kg-1. The highest nickel level of
vegetables was in the extensive agricultural area
contaminated with different sources of metals.
Arnesen and Singh [12] reported that high organic
matter content decreased Cd and Ni concentrations
in soil solution.
Gytjja is a semi-formed lignite coal cover
layer and is not used for fuel due to its low calorie
[13]. Gytjja is a mixture of both organic and fine
mineralogical matters, and its content of organic
matter changes from 6 to 40% by weight. Among
the large deposits of humic substances, gytjja,
which is a rich source of humic-fulvic acid [14].
Ni is the most recent candidate to be added to
the list of 13 essential mineral elements for higher
plants although failure to complete the life cycle in
the absence of Ni has only been demonstrated in a
few plant species [15]. Ni is also one of the most
important metal pollutants contaminating the
environment. Pollution of soils and waters with this
element occurs mainly as a result of removing
industrial and communal wastes, as well as
irrational application of the mineral fertilizers
containing Ni [16, 17]. Although nickel has been
recognized as an essential micronutrient in plant
cells [18], it is highly phytotoxic at high
concentrations. The critical nickel concentration of
soils was reported as 50 mg kg-1 [19]. At the
nonphytotoxic levels, nickel increases the yield of
some crops. High concentrations of nickel cause
severe chlorosis and necrosis in plants and the other
growth abnormalities and anatomical changes [20].

ABSTRACT
In this study, the effects of Gytjja on some
yield criteria of lettuce (Lactuca sativa) grown in
Ni contaminated two different soils (Inceptisol and
Entisol) were investigated. This study was
conducted with the application of three levels of
gytjja (0, 5 and 10%) in two different soils
(Inceptisol and Entisol) contaminated with three
levels of Ni (0, 40 and 80 mg kg-1) in a factorial
experimental design with three replications. As a
basic fertilization, 300 mg kg-1 N and 90 mg kg-1
P2O5 were applied into each pot. At the end of the
study, the highest value for plant length (20.50 cm),
leaf number (16.3) and plant fresh weight (10.67 g)
were obtained in the 10% gytjja without Ni
application in Inceptisol soil. The plant growth
parameters were higher in the Inceptisol soil than in
the Entisol soil. According to the results, gytjja
doses had the positive effects on plant growth
criteria of lettuce in Ni contaminated soils. Ni
applications decreased the mean values of plant
growth criteria.

KEYWORDS:
Lettuce, nickel, yield criteria, Inceptisol, Entisol.

INTRODUCTION
Soil organic matter has been of particular
interest in studies of heavy metal sorption by soils,
because of tendency of conversion metal cations to
stable complexes form with organic ligands [1].
Organic matter is able to bind heavy metals.
Krogstad [2] reported that organic matter is known
to form strong complexes with heavy metals. The
content of organic matter affects speciation of
heavy metals in soil [3].
Heavy metals are considered as important
pollutant of various ecosystems because of their
environmental persistence, toxic potential and
ability of incorporating into the food chain. Many
researchers [4, 5, 6, 7] investigated heavy metal
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Soil type

pH

Inceptisol
Entisol

7.41
7.64

TABLE 1
Some properties of Inceptisol and Entisol soil
Texture
Lime OM 6DOLQÕW\
P
K Ca
Mg
%
%
μS cm-1
Clay loam 2.03
1.03 1196
7.20 35 696 70
Silty loam 2.27
1.70 1184
4.40 35 594 24

Fe
Mn
mg kg-1
1.96 3.53
1.05 4.64

TABLE 2
F values of the variance analyses for the plant growth FULWHULD¶V.
V. Sources
df
Plant length
Leaf number
Fresh plant weigh
Soil (A)
1
122.84**
73.77**
50.75**
Gytjja (B)
2
12.42**
13.87**
7.34**
AxB
2
5.07*
0.14ns
0.13ns
Ni (C)
2
5.59*
15.05**
0.29ns
AxC
2
14.22**
11.34**
4.98*
BxC
4
1.49ns
4.21*
3.04*
AxBxC
4
2.85*
3.86*
3.64*
* significant at 0.05 level, ** significant at 0.01 level.

Zn

Cu

0.15
0.16

0.42
0.33

Dry plant weight
50.78**
7.35**
0.14ns
0.29*
4.96*
3.05*
3.62*

harvested plants. Variance analyses of the
experimental data were done by SPSS statistical
program.

The objective of this study was to investigate
the effects of gytjja on plant growth parameters in
lettuce (Lactuca sativa) grown in nickel
contaminated Inceptisol and Entisol soils.

RESULTS AND DISCUSSION
MATERIAL AND METHODS
The results of variance analyses for the plant
JURZWKFULWHULD¶VDUHJLYHQLQ7DEOH3ODQW length,
leaf number, plant fresh weight and plant dry
weight were significantly (P<0.01) influenced by
the different soil type and gytjja treatments.
The plant length, dry weight (P<0.05) and leaf
number (P<0.01) were also affected by the Ni
application significantly. Interactions of soil type
and gytjja significantly affected plant length
(P<0.05). Soil type and Ni interaction also
significantly affected plant length and leaf number
(P<0.01), fresh and dry plant weights (P<0.05). The
leaf number, fresh and dry plant weights were
significantly (P<0.05) influenced by the interaction
of gytjja and Ni. Soil type, gytjja and Ni interaction
significantly (P<0.05) affected plant length, leaf
number, plant fresh and dry weights (Figures 1, 2, 3
and 4).
The mean values of plant length, leaf number,
fresh and dry plant weights determined in Inceptisol
soil were significantly higher than those in Entisol
soil (Table 3). Plants in growing period are
influenced by a lot of factors classified as internal
plant growth factors such as hormones, vitamins,
enzymes and proteins and external factors such as
light, temperature, humidity, nutrients and soil
structure [21]. Gytjja treatments also significantly
increased plant length, leaf number, fresh and dry
weight. The highest mean values of these
parameters were obtained as 13.064 cm, 12.444,
7.050 g and 0.353 g in 10% gytjja treatment,
respectively. The Ni application had negative

A pot experiment was conducted with each
pot having 2 kg soil (Inceptisol and Entisol) in a
plant growth room. The Inceptisol soil used in the
study had a clay loam texture, non saline, and
neutral in pH, low in lime and organic matter
content, sufficient in phosphorus and potassium
contents. The Entisol soil used in the study had a
silty loam texture, non saline, slightly alkaline in
pH, low in lime, organic matter and phosphorus
contents and sufficient in potassium content (Table
1).
After filling the each pot without drainage
holes with two different soils, three levels of gytjja
(0, 5, 10 %) were applied into the pots
contaminated with three levels of Ni (0, 40 and 80
mg kg-1) in a factorial experimental design with
three replications. The gytjja used in this study had
neutral in pH (7.28), 0.71 dS m-1 in EC, 51.3% in
OM content, 1.88% total nitrogen, 0.11% total P
and 55.12% humic acid contents.
As a basic fertilizer treatment 300 mg kg-1 N
and 90 mg kg-1 P2O5 were also applied into each
pot. Yedikule lettuce variety was used as a plant
material. One lettuce seedling having three leaves
was sown to each pot. The pots were placed in a
growth chamber at 22 ±1 oC with 12 fluorescent
illuminations with 8000 lux light intensity and
irrigated with distilled water. The experiment was
ended after 6 weeks of sowing. The some plant
growth criteria such as plant length, leaf number,
fresh and dry plant weights were measured in
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Application

TABLE 3
The effects of soil type, gytjja and Ni applications on plant growth in Lettuce
Plant length (cm)
Leaf number
Fresh plant weight (g)
Dry plant weight (g)

Soil type
Inceptisol
Entisol

14.915
8.263

13.000
7.074

7.818
2.315

0.391
0.116

LSD

1.833**

2.107**

2.359**

0.118**

0
5%
10 %

9.539 b
12.164 ab
13.064 a

8.056 b
9.611 b
12.444 a

3.499 b
4.651 b
7.050 a

0.175 b
0.233 ab
0.353 a

LSD

2.245**

2.581**

2.889**

0.144**

Nickel
0
40 mg kg-1
80 mg kg-1

11.814 ab
13.269 a
9.683 b

11.389 a
10.611 ab
8.111 b

4.821
5.180
5.199

0.241
0.259
0.260

Gytjja

LSD
2.228*
1.747**
ns
ns
*There was no significant difference in the mean values shown with the same letter at 5% level statistically
**There was no significant difference in the mean values shown with the same letter at 1% level statistically
Therefore the lowest plant length, leaf number,
fresh and dry plant weights were obtained as 1.00
cm, 1.00, 0.01 g and 0.01 g in these applications,
respectively (Figures 1, 2, 3, and 4). It is well
known that some elements such as Ni among other
heavy metals are essential for plant growth in low
concentrations [18]. It is however highly phytotoxic
at high concentrations. Its excess has a destructive
effect on plant growth, causing disturbances in
photosynthesis, destruction of cell membranes and
damages of cells at the ultra-structural level of their
organization [24, 25]. It was thought that the high
Ni concentrations (80 mg kg-1) compare to
acceptable Ni level (50 mg kg-1) of soil reported by
Bergman [19] caused plant deaths in our study.

effects on plant growth. The highest mean values of
plant length and leaf number were obtained as
11.814 cm and 11.389 in the without Ni
application. Lo et al. [3] reported that organic
matter affects speciation of heavy metals in soil. It
was also reported that high organic matter content
decrease concentrations of Cd and Ni in soil
solution [4, 22]. Similarly, Karaca et al [23]
reported that gytjja decreased availability of Ni, Cd,
Pb and Zn in soil.
The gytjja and Ni interactions affected leaf
number, plant fresh weight and plant dry weight in
two different soil types. The plant death was
determined in 80 mg kg-1 Ni application without
gytjja and 5% gytjja treatments in Entisol soil.

FIGURE 1
Effect of Ni on plant length at different gytjja doses in Inceptisol and Entisol soils (LSD:7.39, P<0.05).
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FIGURE 2
Effect of Ni on leaf number at different gytjja doses in Inceptisol and Entisol soils (LSD:3.16, P<0.05).

FIGURE 3
Effect of Ni on fresh plant weight at different gytjja doses in Inceptisol and Entisol soils (LSD: 2.83,
P<0.05).

FIGURE 4
Effect of Ni on dry plant weight at different gytjja doses in Inceptisol and Entisol soils (LSD: 0.14,
P<0.05).
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[6] Shehu, A., Vasjari, M., Baraj, E., Lilo, R. and
$OODEDVKL 5   &RQWDPLQDWÕRQ status of
Erzeni River, Albania due to heavy metals
spatial and temporal distribution. Fresen.
Environ. Bull. 25(4); 1019-1027.
[7] Li, H., Chi, Z., Yan, B., Chakov, V. V.,
Kuptsov, V.A., Zhu, H., Wang, L. and Ou, Y.
(2016). Natural sphagnum transplantation for
heavy metals removal from degraded riverine
wetland water in northeast China. Fresen.
Environ. Bull.. 25(12a); 6078-6086.
[8] Malinowska, E. and Jankowski, K. (2017).
Iron, manganese and chrome concentration in
herbs growing in different moisture sections
around field ponds. Fresen. Environ. Bull.
26(2a); 1365-1372.
[9] Jusufi, K. Stafilov, T., Vasjari, M., Korea, B.,
Halili, J. and Berisha, A. (2017). Measuring the
presence of heavy metals and their
bioavailability in potato crops around KosoYR¶V power plants. Fresen. Environ. Bull.
26(2a); 1682-1686.
[10] Khan, Z. I., Ahmad, K., Sher, M., Noorka, I.,
Batool, A.I., Hamid, S., Mehmood, N., Rashid,
M. J. Z., Khan, A. Ashfaq, A., Akhtar, M.,
Arshad, F., Sohail, M., Bashir, H., Bibi, Z.,
Cazzato, E., Shad, H. A., Ali, G., Kundi, Z. M.
and Mukhtar, M. K. (2016). Bioaccumulation
of heavy metals from contaminated soil to the
vegetable commonly consumed in pakistan:
implications for public health. Fresen. Environ.
Bull.. 25(12a); 5676-5679.
[11] Shkurta, E., Gjoka, F., Contin, M. and Kasa, E.
(2017). Heavy metals in vegetables from soils
contaminated by various sources. Fresen.
Environ. Bull. 26(2a); 1771-1777.
[12] Arnesen, A.K.M. and Singh, B.R. (1999). Plant
uptake and DTPA-extractability of Cd, Cu, Ni
and Zn in a Norwegian alum shale soil as
affected by previous addition of dairy and pig
manures and peat. Can. J. Soil Sci. pp. 531±
539.
[13] 'HPLUNÕUDQ$5$NND\D$7UNPHQHU0)
Türkmener M.Ç. and Akkaya S., (2008).
7RSUDN YHULPOLOL÷LQL DUWWÕUPDGD NXOODQÕODbilecek alternatif organik bir materyal: Gidya
(Gyttja), 5. Dünya Su Forumu, Sulama
7X]ODQPD 7RSODQWÕVÕ %LOGLUL 6K -168,
ùDQOÕXrfa, Türkiye (in Turkish).
[14] Cimen, F. and Ok, S.S. (2004). Properties of
gytjja materials and their humic and fulvic
acids in Afsin±Elbistan region. Proceedings of
International Soil Congress, Erzurum, Turkey,
pp L7/34±38.
[15] Gerendas, J., Polacco, J.C., Freyermuth, S.K.
and Sattelmacher, B. (1999). Significance of
nickel for plant growth and metabolism.
Journal of Plant Nutrition and Soil Science.
163(3);241-256.

While the highest plant length was 20.50 cm
in 5% gytjja treatment with 40 mg kg-1 Ni
applications in Inceptisol soil (Figure 1), the
highest leaf number, fresh and dry plant weights
were determined as 16.33, 10.67 g and 0.53 g in
10% gytjja treatment without Ni in Inceptisol soil,
respectively (Figures 2, 3 and 4).

CONCLUSION
In this study, the plant growth was influenced
by Ni contamination and the soil type having
different soil texture and some plant nutrient
contents. The plant growth parameters determined
in this study were higher in the Inceptisol soil than
in the Entisol soil. It was found that despite the
presence of high Ni concentration in the growth
media, gytjja treatments improved plant growth
criteria.
Gytjja applications into Ni contaminated soils
not only increased plant growth but also prevented
plant deaths, especially in Entisol soil. While the 80
mg kg-1 Ni application in Entisol soil caused plant
death at 0 and 5% gytjja doses, there was no plant
death in 10% gytjja application with 80 mg kg-1 Ni
dose in Entisol soil. According to the results, it can
be concluded that increasing gytjja application
doses had the positive effects on plant growth
criteria of lettuce in Ni contaminated soils, while
the Ni applications decreased the plant growth.
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decline, including parasite [3] land-use [1] and
anthropogenic factors [4, 5].
Recently, animal tissues have been used as an
indicator of contamination levels in studies of the
impact of various anthropogenic activities [6±8].
However, many fewer studies have investigated the
direct impact of pollution on the animals, their survival, development or reproduction [9]. According
to Alves and Rocha [10] the patterns of seasonal
reproduction of the European hare (Lepus
europaeus), the mountain hare (Lepus timidus) and
the Iberian hare (Lepus granatensis) reflect a strong
influence of habitat. Bonino and Montenegro [11] reported that the number of embryos per litter varied
from 1 to 4 (average 2.12). This population parameter was paralleled in Iberian hare (1.54 ± 0.07 SE)
[12]. Fernandez et al. [13] provided evidence that
hunting pressure did not result in over-exploitation
of the Iberian hare (Lepus granatensis).
This paper aimed to identify seasonal variation
in reproductive success. We hypothesised that Cd
and Pb exposure in the selected tissues and organs
would cause reproductive declines. Hence, the
objective of the study was to determine Cd-Pb
concentration, and the potential for recovery in numbers of a European brown hare (Lepus europaeus)
population using demographic parameters. Furthermore, we attempted to explain this response in light
of the apparent correlation between industrial and
agricultural area.

ABSTRACT
The population of the European brown hare
(Lepus europaeus) has been declining for the last
three decades in many European countries, including
Poland. An intensive research of European brown
hare was undertaken to investigate the effect of Cd
and Pb concentration in hare organs. We evaluated
population parameters of European brown hare (N =
223) at three agricultural sites LQ0DáRSROVND3URYince. The individuals were hunted and determined
their age and sex. Reproductive index varied between 1.1 and 2.8 per collected female. Reproductive
index was highest in the area with low pollution.
Significant differences were denoted between site 1
in comparison with site 2 and 3 (Friedman test; p <
0.01). The highest concentration of Cd was found in
the kidneys (maximum value: 49.12 mg/kg wet
weight) and the highest concentration of Pb (3.53
mg/kg wet weight) was reported in the liver. Canonical correspondence analysis revealed that the
concentration of Pb in kidneys, liver and biceps
femoris muscle was positively correlated with the
most polluted sites (habitats). The variability of MAI
(Metals Accumulation Index) showed links between
all sites. The decline in hare population numbers was
steeper at the most highly polluted site of the investigated area.

KEYWORDS:
Canonical correspondence analysis, Cd and Pb
concentration; demographic parameters; Lepus europaeus;
reproductive output

MATERIALS AND METHODS
Study area. Field studies were conducted at
three research sites with varying levels of heavy
metal contamination located in the northern part of
Malopolska province in southern Poland (Figure 1).
All research sites were typical agricultural landscapes with low intensity agricultural use. The main
crops included barley, wheat, rye, potatoes, sugar
beet and fodder beet, and vegetables. The average

INTRODUCTION
In the last thirty years, there has been a distinct
decline in the population of the European brown hare
(Lepus europaeus) throughout Europe [1, 2]. A complex suite of negative factors has contributed to the
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Cadmium and lead concentration. The
content of cadmium and lead in organs was calculated using 60 hares obtained by hunting in 2006±
2007. At each site, 20 hares were collected, 10 at
each season. Chemical analyses were performed
only on adult hares (over 12 months old), whose age
was initially determined on the basis of the Stroh
sign and then verified in the laboratory using prepared skulls [22].
Immediately after acquisition, the liver,
kidneys and biceps femoris muscles were removed
from each carcass to measure Cd and Pb concentration. The head as was used to precisely determine the
age. Individual organs and the head were frozen at ±
18 °C in separate containers. Prior to analysis, the
samples were thawed overnight at room temperature.
The next day, samples of the test materials were
ground with a knife on a glass plate. Prepared material was then mineralised using a Kjeltec Auto Plus
II Tecator unit in a mixture of concentrated nitric
acid (V) and perchloric acid (VII) at a ratio of 3:1,
gradually increasing the temperature up to 220 °C.
The mineralised sample was transferred using redistilled hot water to a measuring flask with a capacity of 50 cm3. In the solution the content of Cd and
Pb was determined by atomic absorption
spectrophotometry with a Solaar M6 Mk Dual
Unicam apparatus. Measurements were made on 2 to
4 replicate samples. The quality of determination
was controlled by subsequent analysis of certified
reference materials BLRM-A and BLRM-B. The
content of Cd and Pb in hare organs was presented
as a fresh tissue. All reagents used were of analytical
grade. Working standard solutions of heavy metals
were prepared by dilution of their stock solutions.

size of the fields did not exceed 1.5±2.0 hectares.
Forests and grassland covered a small portion of
study plots.
Site 1 (highly polluted) was located in the area
of Jerzmanowice (50°12'41"N, 19°44'44"E) in the
vicinity of Olkusz, where zinc and lead ores have
been mined and processed for centuries. The soils of
this area are characterised by a high concentration of
heavy metals [14, 15]. Cadmium concentration
ranges from 1.68 to 5.89 mg/kg and lead concentration ranges from 52.64 to 247.5 mg/kg [16, 17].
Site 2 (moderately polluted) was located in the
area of Wawrzenczyce, about 20 km east of Krakow
(50°06'24"N, 20°17'55"E). Most of the area is occupied by farmland on fertile loess and alluvial soils.
This area is slightly affected by industrial pollution,
and the soils have low heavy metal pollution, resulted in Cd 0.75 mg/kg and Pb 29.39 mg/kg [16±
18].
Site 3 (slightly polluted) was near Dabrowa
Tarnowska, about 70 km east of Krakow
(50°14'16"N, 20°50'43"E), where the soils have a
natural concentration of heavy metals Cd 0.28
mg/kg; Pb 18.17 mg/kg [16, 17].
Hare abundance. Long-term monitoring studies were investigated from 1994 to 2016. Decrease
in hare population was reported in 2006/2007 during
hunting season. We evaluated the population and
reproductive parameters of 223 European brown
hares (115 hunted females and 108 males). The age
of every hare was determined by the Stroh sign [19].
Reproduction index (r) was measured as an indicator
of survival of litter (Njuv) per female (Nadf), and introduced in biology characteristics [20, 21]:
 ൌ

ౠ౫౬
ౚ

FIGURE 1
Location of the research area
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TABLE 1
Concentration of Cd and Pb (mg/kg wet weight) in selected organs of the European brown hare from
different sites in the northern part of the Malopolska province
Liver

Kidneys

Cd

Pb

2006

2007

Biceps femoris muscles
Cd
Pb
2006
2007
2006
2007

2.24
0.26
1.47

2.86
0.84
1.63

0.23
0.06
0.12

0.16
0.06
0.10

0.38
0.19
0.27

0.36
0.19
0.27

Site 2
19.00
2.21
9.41

1.90
0.22
0.85

1.76
0.22
0.87

0.28
0.04
0.08

0.16
0.04
0.07

0.21
0.04
0.11

0.13
0.04
0.09

Site 3
17.61
2.17
9.56

1.28
0.54
0.89

3.22
0.54
1.22

0.13
0.04
0.07

0.13
0.04
0.07

0.32
0.08
0.19

0.38
0.04
0.17

Cd

Pb

2006

2007

2006

2007

2006

Max
Min
Mean

2.85
1.14
1.99

3.19
1.16
1.86

3.53
0.87
1.83

2.10
0.49
1.55

37.98
4.10
17.83

2007
Site 1
49.12
6.28
22.39

Max
Min
Mean

2.05
0.16
1.12

2.21
0.28
1.27

1.78
0.33
0.89

1.43
0.43
0.84

15.10
1.50
7.91

Max
Min
Mean

2.61
0.31
1.30

2.75
0.08
1.21

1.92
0.64
1.11

1.41
0.35
0.83

18.58
2.32
10.09

Max = Maximum, Min = Minimum

(Paleontological Statistics, version 3.0). We
provided metal accumulation index (MAI) to assess
the overall performance of hare organs in terms of
metal accumulation. MAI was calculated by the
following formula [23]:
ே

ͳ
 ܫܣܯൌ ሺ ሻ  ݆ܫ
ܰ
ିଵ

where N is the total number of analyzed metals, Ij is
derived from variable Ij = x /ıexpressed by dividing
a mean value ( x ) of each metal by its standard
deviation (ı), j is a single observation at each block
or treatment denoted by a variable.

RESULTS
FIGURE 2
Box-plot for reproductive index (r), Site 1 (n
= 28 females); Site 2 (n = 55 females) and Site
3 (n = 32 females)

The highest concentration of Cd was found in
the kidneys (maximum value: 49.12 mg/kg) and the
highest concentration of Pb (3.53 mg/kg) was found
in the liver (Table 1).
European brown hares are highly mobile
during the breeding season. In our study sites, we observed a decrease in hare population size. Moreover,
this tendency was principally found at Site 1
(population has been declined by over 50%, from
520 individuals in 1994/1995 hunting season to 240
in 2004/2005 season). In Sites 2 and 3 decline was
lower than 7%, from 1050 to 986 individuals in Site
2, and from 410 to 384 in Site 3, respectively.
Recruitment rate is independent of the size of the
population, unless there is density dependence. Capture limits can be modified base on density evaluates
just prior to the hunting season, and indicated local
dynamic in population (exploration forays).
The breeding population of European brown
hare was determined as the number of individual
species that were alive during the breeding season.

Statistical
evaluation.
Canonical
correspondence analysis (CCA) was performed with
Canoco for Windows software (version 4.5) to
define relationship between Cd and Pb concentration
in liver, kidney and biceps femoris muscle as
predictor variables in terms of polluted area. Missing
values in the variables were not included in the
analysis. The Kruskal±Wallis test was used to test
for differences in the number of individuals per 100
ha to investigate relationships in density. The
Friedman (repeated measures) test was used to
determine variability in reproductive index
(fecundity). In this context, reproduction may be
limited by Cd and Pb accumulation. Differences
were considered significant at p < 0.01. Statistical
investigation
was
verified
with
PaSt
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of lipid peroxidation, particularly in muscles,
kidneys, liver or brain of hares [9], or may promote
toxic effects in many organ systems through binding
to biological structures [27]. For that reason, we
attempted to explain a decline in population.
Statistically significant correlations between Cd
concentrations in kidney and liver were found in
hares older than 12 months from different Serbian
regions [7]. The positive correlation between Cd
content in the kidney and liver were significant
within 3±6 months, 12 months, 12±24 months and
24±36 month [28]. A similar relation-ship was also
found in our study (Figure 3). However, in another
study, there were no significant correlations detected
in levels of Pb, Cd and Hg in liver and kidneys and
biochemical
parameters
[29].
Xenobiotics,
particularly heavy metals, may play a part in the
significant decrease in the number of hares. Pb and
Cd are particularly hazardous elements which
contribute to reproduction disorders and increased
mortality. In addition, the liver Cd content may
increase with age. Thus, significant correlations
were revealed between Zn and Cd in kidneys P r =
0.47, and Mn and Pb in the liver Pr = 0.42 [30].
Accumulation of Cd in liver (0.154 mg/kg) and in
kidney (1.521 mg/kg) was significantly greater in
females. The median concentration of Pb in the liver
of males (0.216 mg/kg) was higher than females
(0.127 mg/kg) in relation to one season [31]. This
may also explain the lowest reproductive index in
Jerzmanowice, the most polluted site, in this study
(Figure 2). MAI index revealed that all sites,
generally was characterised by the same metal
accumulation (Table 3).
CCA showed that Pb concentration in kidneys,
liver and biceps femoris muscle had the most positive
relationship in highly polluted Site 1, while Cd
concentration in kidneys corresponded with all
studied sites. Negative correlation was reported for
Cd concentration in biceps femoris muscle in Site 3
(Figure 3). The study confirmed the high relevance
of the hare bioaccumulation approach in metal
pollution biomonitoring. Nevertheless, knowledge is
still needed on metal content in hares in relation to
metal concentrations in the habitats on which they
occur.

We treated population size as a function of survival
and recruitment. Recruitment was defined as the process by which young were added to the autumn
population by reproduction from adults in the spring
population. Reproductive index varied between 1.1
and 2.8 per collected female (Figure 2). Reproductive index was highest in the area with low pollution.
Significant differences were denoted between site 1
in comparison with site 2 and 3 (Friedman test; p <
0.01).
Mean number of hares before breeding activity
(Kruskal±Wallis test; p < 0.01) are presented in
Table 2. Measuring the size of the breeding population is difficult for estimates in minor forest transects, or local study areas. The variability of population parameters of individuals showed weak links
between sites (habitats), and explore range exposed
to high Pb and Cd intake through diet and influence
on reproductive characteristics.
Recruitment rate was measured as number of
females in the autumn population divided by the
number of adult females in the spring population.
Thus, we explain the breeding season as the number
of pairs that have formed for breeding, even though
they may not breed because of polluted area, or other
environmental factors.

DISCUSSION AND CONCLUSION
Accumulation of Cd and Pb in hares. In the
last decades (1990±2008) comprehensive monitoring based on hare tissue formed part of an assessment of a contaminated area [24]. We showed that
hare organs could be used as bioindicator of
environmental pollution with Cd and Pb. In this
study, the average concentration of Cd in the kidneys
was similar to that found in a closely related hare
species (Lepus timidus L.) which ranged from 8.82
to 26.46 mg/kg and was caused by strong anthropogenic pressure in northern Norway [25]. Age, sex,
physiological status of individuals and quality of
food are in important factors determining the
concentration of Cd in tissues [26]. Long-term
exposure to even low Cd concentrations is
inevitable, and may cause interaction with products

TABLE 2
Mean number of hares before breeding activity in comparisons with seasons represented by three
contaminated area (individuals/100 ha)
Season
Site 1
Site 2
1994±1999
5.61**
22.62*
2000±2004
4.03**
21.81*
Spring activity
2005±2010
3.27**
19.97
2011±2016
4.32**
13.88
(Kruskall-Wallis test, Ȥ2 = 22.97)
Following values are presented with significant differences: *p < 0.05; **p < 0.01

3001

Site3
14.76
12.48
12.05
15.18
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TABLE 3
Metal accumulation index (MAI) in hare organs
Site
1
2
3

Liver
2.81
1.98
1.99

Kidneys
2.05
1.67
1.74

Biceps femoris muscle
3.33
1.68
2.09

FIGURE 3
Canonical correspondence analysis (CCA) showing the ordination of the variables. The first axis
explained 72.8% of the changing in environmental variables, and the second axis explained 17.2% of
variation in the data. This diagram contains the most common abbreviations used in the multivariate
analysis (diamonds - Site 1; squares - Site 2; circles - Site 3)

In our study, a decline in hare population size
was principally found at the most polluted site, but
the land-use was appropriate habitat for higher hare
density (Table 2). European brown hare, the
mountain hare (L. timidus) and Iberian hare
(L. granatensis) have a marked seasonal pattern of
reproduction,
probably
reflecting
strong
environmental influences during the year [10].
Hacklander et al. [39] provided evidence that
increases in concentrations of chemical reagents
such as glucocorticoids resulted in a decrease in
reproductive output. In this situation, our research
should take into consideration to halt, and reverse
hare population declines.

Population parameters based on breeding
season. Breeding period indicate annual
reproductive activity for both sexes [32]. Reduced
reproductive capacity, which is affected by
reproductive anatomy and physiology, seasonal
breeding periods, and anthropogenic influences such
as environmental toxicants and endocrine disrupters
may contribute to continuous decline in populations
[33]. However, it is very difficult to demonstrate
changes in population size, because changes in
abundance are caused by many environmental
variables. Furthermore, the decline in the European
brown hare started with an increased mortality rate
rather than by disturbance [34]. Hare populations are
often found in low densities in agricultural
landscapes. Explore range tends to decrease when
hares select uncultivated land and grasslands which
are transition zones between shrubland and
cultivated lands [35], non farmed habitats [36], or
semi-natural arable lowland [37]. This suggests that
the European brown hare expends less energy on
movement and reproduction, especially in agroecosystems, because home range size is influenced
by the landscape type [38].

Summary. Our results enabled us to develop a
useful tool to diagnose strongly polluted sites. Three
different organs of well-recognised indicators species for strongly polluted, and slightly polluted sites
were distinguished. We concluded that Pb-Cd
accumulation in liver, kidneys and biceps femoris
muscle clearly corresponds to the degree of site
contamination, thus demonstrating high bioindicative value. We demonstrated that hare
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heavily polluted seawater. Chem Ecol. 30, 726742.
[9] Linsak, D.T., Linsak, Z., Spiric, Z., Sreboean,
E., Glad, M., Cenov, A., Jakovac, H. and Milin,
C. (2014) Influence of cadmium on
metallothionein expression and products of lipid
peroxidation in the organs of hares (Lepus
europaeus Pallas). J. Appl. Toxicol. 34, 289295.
[10] Alves. P.C. and Rocha, A. (2003) Environmental factors have little influence on the
reproductive activity of the Iberian hare (Lepus
granatensis). Wildlife Res. 30, 639-647.
[11] Bonino, N., and Montenegro, A. (1997)
Reproduction of the European hare in
Patagonia, Argentina. Acta Theriol. 42, 47-54.
[12] Antoniou, A., Kotoulas, G., Magoulas, A. and
Alves, P.C. (2008) Evidence of autumn
reproduction in female European hares (Lepus
europaeus) from southern Europe. Eur J
Wildlife Res. 5, 581-587.
[13] Fernandez, A., Soriguer, R., Castien, E. and
Carro, F. (2008) Reproduction parameters of the
Iberian hare Lepus granatensis at the edge of its
range. Wildlife Biol. 14, 434-443.
[14] Ciarkowska, K., Solek-Podwika, K. and
Wieczorek, J. (2014) Enzyme activity as an
indicator of soil-rehabilitation processes at a
zinc and lead ore mining and processing area. J
Environ Manage. 132, 250-256.
[15] Pajak, M., Gasiorek, M., Cygan, A. and Wanic,
T. (2015) Concentrations of Cd, Pb and Zn in
the top layer of soil and needles of Scots pine
(Pinus sylvestris L.); A case study of two
extremely different conditions of the forest
environment in Poland. Fresen. Environ. Bull.
23, 71±76.
[16] Gambus, F. (1993) Heavy metals in upperlevel
of soils and plants of Cracow region. Zesz Nauk
AR w Krakowie, ser Rozprawy 176 (in Polish).
[17] Tokarz, M. and Turzanski, K.P. (1999)
Assessment of soils pollution with heavy metals
and sulfur in Malopolska Province. Biblioteka
Monitoringu Srodowiska, PIOS, Krakow (in
Polish).
[18] Ciarkowska, K. and Solek-Podwika, K. (2012)
Influence of intensive vegetable cultivation in
ground and under foil tunnels on the enzymatic
activity of the soil. Pol J Environ Stud. 21,15711575.
[19] Stroh, G. (1931) Zwei sichere Altersmerkmale
beim Hasen. Berl Tierarztl Wochenschr. 47,
180-181.
[20] Pintur, K., Popovic, N., Alegro, A., Severin, K.,
Slavica, A. and Kolic, E. (2006) Selected
indicators of brown hare (Lepus europaeus
Pallas, 1778) population dynamics in
northwestern Croatia. Vet Arhiv. 76, 199-209.
[21] Popovic, N., Pintur, K., Alegro, A., Slavica, A.,
Lackovic, M. and Sertic, D. (2008) Temporal

fecundity was sensitive to Cd and Pb pollution in
agricultural landscapes. Individuals occupied similar
land use, but we found that the most Cd and Pb
contaminated Site 1 was neglected by hares. Explore
range of hares was related to habitat use. Our finding
explained that the most suitable predictor for
breeding season was reproductive index reflecting
the fecundity of females, and makes it an efficient
indicator for this dynamic process. Population
growth and demographic parameters based on hare
numbers in the hunting period were sufficient for
reproductive state condition. Population size would
require an additional real-time indicator (tipping
point in reproductive output) to measure whether
population were at risk of Cd and Pb exposure. These
results should be verified in further studies including
more hunting seasons.
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SOIL QUALITY INDEX (SQI) ANALYSIS OF TEKIRDAG
PROVINCE USING GIS (THRACE, TURKEY)
Emre Ozsahin*, Ilker Eroglu, Halid Pektezel
'HSDUWPHQWRI*HRJUDSK\)DFXOW\RI$UWDQG6FLHQFH1DPÕN.HPDO8QLYHUVLW\7HNLUGDJ7XUNH\

important level of momentum in this age, thereby
bringing about an increase in environmental
interventions [4]. Hence, it has become
indispensable to take the relevant cautions to
improve soil quality [5].
Recently, various methods have been
developed to detect the anthropogenic influences on
and intensities of the natural resources [6]. These
methods provide insights into the subject under
analysis in a practical manner [7]. These methods
have been implemented within the scope of projects
such as DeMon [8], MEDALUS [9], DISMED [10],
DESERTLINKS [11], and LADAMER [12, 13].
One such project, Mediterranean Desertification
and Land Use (MEDALUS), provides analyses of
indices regarding critical environmental factors
such as soil, climate, and vegetation. The project
sought to detect and map those places in
Mediterranean countries prone to desertification
and degradation. One of the indices frequently
employed within the project is the Soil Quality
Index (SQI).
The index has been employed most notably in
Europe [14, 15] and various areas of the
Mediterranean basin [16, 17, 18, 19], yielding
positive results. In addition, more concrete
relationships related to geological, topographic,
climatic, edaphic, and biotic factors have been built
in recent years as a result of integrating this method
with Geographical Information Systems (GIS)
techniques. Hence, it is possible to obtain important
clues regarding the scope, origin, and interaction of
the deformation in soil resources [14, 20]. In this
sense, the aim is to use and manage soil in a
sustainable way [21] and raise the welfare of people
[22].
This study is an attempt to conduct an SQI
analysis of the Tekirdag province by employing
GIS techniques in terms of desertification and
degradation. This study is important because it will
present the consistency and results of one of the
various methods widely implemented in
LQWHUQDWLRQDO OLWHUDWXUH XQGHU 7XUNH\¶V FRQGLWLRQV
More accurate and healthier soil protection policies
can be developed using the results of this study
[23].

ABSTRACT
This study attempts to perform a Soil Quality
Index (SQI) analysis for desertification and
degradation employing Geographical Information
Systems (GIS) techniques in the Tekirdag province.
This paper, benefitting from the method developed
within the scope of the Mediterranean
Desertification and Land Use (MEDALUS) project,
includes measurements regarding the texture, parent
material, rock fragments, soil depth, slope, and
drainage of 175 randomly collected soil samples. In
the end, it was found that moderate quality soil
characteristics prevail in 88.3% of the Tekirdag
province. In other words, this area is highly prone
to desertification and degradation. In addition, soil
quality experiences a considerable reduction in
those places close to irrigated farming areas and
large urban settlements. Paired-samples t-test
results show that the distribution of SQI values is
mainly influenced not by altitude, but by other
natural conditions. The study results are important
for both national and international circles due to the
global problem of desertification and degradation,
which should be the focus of studies seeking to
better soil quality. Thus, there is a need to
implement similar analyses, especially in places
highly sensitive to environmental changes in
Turkey.

KEYWORDS
SQI, Desertification,
Tekirdag.

Degradation,

GIS,

Thrace,

INTRODUCTION
Soil can be likened to the skin of the HDUWK¶V
crust [1]. Its formation takes a very long time as
soil cannot be produced by humans; indeed, soil
renewal as an idea is close to impossible to achieve
[2]. This living cover, considered one of the most
important elements of physical environment,
constitutes the basis of human activities as well [3].
However, anthropogenic influence has gained an
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FIGURE 1
The location map of the study area
withstand the anthropogenic pressure. Therefore,
desertification and drought are expected in various
parts of the province.

DESCRIPTION OF THE STUDY AREA

The study area, the Tekirdag province, is
located in northwest Turkey within the borders of
the Thracian Peninsula (Figure 1). Its surface area
MATERIALS AND METHOD
is 6215 km². The area has an undulating
topographic structure. The average altitude is
152.11 m. The highest place in the area (924 m) is
This study was carried out using Turkish
Ganos Mountain.
Topographic Map sheets with a 1:100.000 scale
Thanks to positive geographical conditions,
prepared by the General Command of Mapping. In
the Tekirdag province has drawn the attention of
addition, thematic maps of various scales prepared
many civilizations since the earliest of times,
by various organizations/institutions were used in
resulting in it hosting a number of civilizations
the same phase (Table 1). Image analyses in the
[24]. Hence, anthropogenic use throughout the area
study were performed using ArcGIS 10.3 while
has long dominated the place. Nowadays, the
statistical analyses were conducted via Statistical
sensitive nature of the province can no longer
Package for Social Sciences (SPSS) software.
TABLE 1
Characteristics of the data used
Data types
Data source
Produced data
Geological map (Scale: 1:100.000)
[25]
Parent material map
Meteorological observation data
Temperature map
[26]
(1950-2014)
Precipitation map
Altitude map
Topography map (Scale: 1:100.000)
[27]
Slope map
Aspect map
Soil map
[28]
Soil map
Landuse map
[29]
Landuse map
Soil samples (Total: 175)
Fieldwork and soil analysis
Soil texture map
Soil depth map
Fieldwork and direct
Soil slope map
Terrestrial data
measurement results
Soil drainage map
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A statistical analysis was conducted to make
the results more meaningful. The analysis aimed to
explain the relationship between SQI and natural
IDFWRUV LQIOXHQFLQJ WKLV LQGH[¶V VSDWLDO YDULHW\ 7R
this end, geological (lithology), climatic
(temperature and precipitation), physiographical
(altitude, exposure, slope), edaphic (soil types), and
biotic (land cover) factors were evaluated. In the
statistical analysis, SQI is the dependent variable
while natural factors influencing SQI distribution
are independent variables. Three hundred sample
spots were randomly selected. In each sample
location, details regarding dependent and
independent variables were diagnosed using the
relational tabulating method. Afterwards, a pairedsamples t-test was performed to make this
relationship more meaningful. The analysis results
were evaluated at a significance level of 0.05.

A GIS-supported SQI analysis method was
employed to diagnose soil quality. This analysis is
based on the detection of the influence of
desertification
and
degradation
on
soil
characteristics (i.e., soil quality). The method
involves the selection of 175 random samples from
the study area and the analysis of these samples
according to parameters expressed as soil indicators
(i.e., texture, parent material, rock fragments, soil
depth, soil slope, and soil drainage) [30]. These
indicators, making up the dynamic elements that
belong to soil, are among the primary factors
determining soil quality [31].
The texture was determined in a laboratory
employing the Bouyoucos hydrometer method [32].
The results were categorized according to texture
classes via the international soil classification
triangle, according to which index definitions were
made. Parent material and rock fragment
characteristics were diagnosed through both
fieldwork [33, 34] and geological maps [25].
Initially, basic lithological units prevailing in the
study area were diagnosed. Parent material classes
ZHUH JURXSHG DFFRUGLQJO\ 5RFN IUDJPHQWV¶
definitions were based on the diagnosis of rock
stiffness [35] and classified accordingly. The depth,
slope, and drainage characteristics of the soil from
the study area were diagnosed during soil sampling,
and the definitions of classes were made
accordingly. Soil depth was calculated according to
profile length from surface to horizon C. Soil slope
was calculated by measuring the soil surface plane
via a slope meter. Soil drainage was diagnosed by
taking into account the general situation of sample
spots and slope characteristics.
The factors briefly explained above were
distributed via Inverse Distance Weighting (IDW),
one of the frequently employed geostatistical
methods [36, 37, 38] in studies examining the
spatial distribution of soil characteristics in terms of
physical, chemical, and biological variability.
Geostatistical methods are suitable for spatial
distribution, and they yield healthy results [23].
Following these operations, distribution maps were
combined according to the content of the following
formula to create an SQI map of the study area.

RESULTS AND DISCUSSION
Nowadays, anthropogenic pressure on a place
is rapidly rising. In order to protect soil quality in
sustainable terms, SQI studies have been conducted
to diagnose soil quality parameters. This paper
conducted a similar study in the Tekirdag province
(Figure 2).
Texture refers to the dimensions of the
particles within the soil. It helps distinguish the
solid materials making up the soil as fine or coarse
[39]. The particle diameter divisions of soil have
various characteristics and influences [40].
Therefore, texture classes including clay are
defined from not very light to average and fine
while texture classes dominated only by Si, C, and
S rates are defined as fine and coarse [9]. Although
the soil texture shows uniformity, the relationship
between soil and water decreases, leading the soil
to become vulnerable against water and wind
erosion [41].
According to results from the analysis of soil
samples collected from the study area, soil in this
area generally has clay texture and types. This
stems from the domination of clay rocks in the
study area. Indeed, flysches from various eras are
scattered intensely throughout the area; they are
made up of clay stone, mudstone, and siltstone [25].
This leads to the diagnosis of insufficient textural
characteristics for desertification and degradation.
Not very light to average and fine texture
characteristics were identified in the ophiolithic
mélange in the area surrounding Ganos Mountain
and in the areas where metamorphic parent
materials belong to Strandja massive.

where Ip refers to parent material index; It
refers to soil texture index; Ir refers to rock
fragments index; Id refers to soil depth; Is refers to
slope index; and Idr refers to soil drainage index.
The analysis results were classified using SQI
categories defined by [9]: high quality (1),
moderate quality (2), and low quality (3).
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FIGURE 2
Distribution maps of the evaluated parameters in the SQI analysis
stone, is observed nearly everywhere whereas the
poor class is observable in the areas dominated by
the youngest formations (Alluvial/QuaternaryTerrestrial clastics/Pliocene). The least sensitive
units belonging to a good class are observed in the
areas dominated by schist and ultrabasic rocks
among basic formations.
Rock fragments refer to the resistance of
parent material against deformation, which is
bDVLFDOO\ WKH IXQFWLRQ RI D PDWWHU¶V FRKHVLRQ DQG
angle of internal friction. In this sense, rock
fragments depend on both the cohesion and angle

The diagnosis of soil quality for
desertification and degradation is mainly associated
with parent material characteristics. In this sense,
the type and hardness of the parent material are of
crucial importance. The sensitivity of the soil
against erosion decreases as much as the hardness
and resistance of the parent material, leading to an
increase in soil quality [9]. Parent material
characteristics in the study area generally belong to
moderate and poor categories in terms of
desertification and degradation. The moderate class,
including clay stone, marble, silt stone, and sand
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classes while the bottom lands belong to very
gentle to flat class thanks to the decreasing altitude
and increasing accumulation.
Soil drainage, referring to the speed and
quantity of surplus water reaching the soil from
various sources when drifting away from the soil
with surface and underground flows [44], is directly
associated with soil texture characteristics and
groundwater levels. In this sense, drainage in the
soil paves the way for desertification and
degradation with its influence on soil usage and
development [43]. In the study area, due to the
undulating characteristics of the topography, it is
possible to observe generally well-drained
conditions, particularly in areas where the altitude
and slope conditions increase. However, in certain
very gentle to flat areas with high levels of
groundwater, it is possible to observe imperfectly
drained or poorly drained conditions.
Considering all these factors in the SQI
formula, moderate quality soil characteristics in
terms of desertification and degradation exist in
nearly the entire area. Locations of this quality
cover the vast majority (88.3%) of the study area.
No high quality SQI class was detected in this
study, while low quality SQI classes cover 11.7%
of the study area (Table 2). These locations are
generally in the areas surrounding farming areas
and urban settlements (Figure 3).
A paired-samples t-test was conducted to
make the SQI results more meaningful. This
statistical method has many advantages for
comparing the relationships between a dependent
variable and independent variables that are different
from one another [54]. The relevant analysis results
indicate a significant difference in SQI classes of
the study area apart from altitude (p<0.005) (Table
3). The results indicated that the SQI value has a
character associated with natural factors other than
altitude. According to some studies [45],
geographical location, climate, topography, soil
conditions, and socio-economic interactions
increase sensitivity to desertification and
degradation throughout Turkey.

of internal friction [6]. Based on this understanding,
the study area belongs to the stony and bare to
slightly stony class based on rock fragments in
terms of desertification and degradation. This is
because the Mesozoic and Tertiary areas
constituting the majority of the provincial area
belong to the stony class. Alluvions of Quaternary
are in the bare to slightly stony category.
Precambrien and Paleozoic old units and Upper
Miocene-Pliocene old basalt stacks are included in
the very stony rock fragments class.
Soil depth, referring to the thickness to the
lower boundary of Horizon B, is one of the most
basic indicators of desertification and degradation.
A shallow solum layer indicates either initiating the
pedogenic process or being subject to erosive
activities. Indeed, in a country like Turkey, which is
quite prone to processes such as desertification and
degradation, witnessing the erosion of parent
material rather than soil erosion [42] indicates a
minimum level of soil depth on average. However,
since slope and average altitude are low in the
topography of the study area, parent material is
generally composed of loose sedimentary rocks,
and the climate conditions are mild; in addition,
pedological processes are positively influenced,
leading to an increase in soil depth in many parts of
the area. Thus, moderate soil depth (corresponding
to 30 through 75 cm) dominates the study area. Soil
depth in the area refers to shallow and very shallow
in steep areas located near Ganos and Strandja
mountains and in some other locations that are
subject to constant erosion while it refers to deep
accumulation areas where the slope and altitude
differences are low.
The slope characteristics of soil are a crucial
quality indicator regarding desertification and
degradation. A high slope increases the severity of
erosion and leads to the removal of the upper layer
of soil (surface horizon). Hence, soil degradation
triggered by severe erosion over time emerges [43].
The average slope in the study area (8.19%) falls
within the gentle (6% ± 18%) class. The altitude
and increasing relative cleavage in the mountainous
locations of the area indicate steep and very steep

TABLE 2
Areal distribution of SQI and rate (%) in the study area
Class
1
2
3

Description
High quality
Moderate quality
Low quality
TOTAL

Score
< - 1.13
1.13 ± 1.45
1.46 - >

3009

Area (km²)
±
5485.0
730.0
6215.0

Rate (%)
±
88.3
11.7
100.0
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FIGURE 3
Distribution maps of SQI in the study area
TABLE 3
Result of paired-samples t-test
SQI & Independent variable
Lithology
Temperature
Precipitation
Elevation
Slope
Aspcet
Soil types
Landuse

N
300
300
300
300
300
300
300
300

Std. Deviation
1.6473
0.7242
0.6388
0.9620
0.8108
1.2616
1.7621
2.5442

df
299
299
299
299
299
299
299
299

Sig. (2-tailed)
0.000
0.000
0.000
0.590
0.000
0.000
0.000
0.000

world experience deformations in terms of soil
quality [46]. In Turkey, the deformation of natural
sources, wrong irrigation techniques, soil
salinization, water and soil pollution, and lack of
education regarding the use of natural sources are
the leading reasons for desertification and
degradation [45]. Therefore, it has become

Desertification and degradation take place
mainly due to farming activities; they lead not only
to environmental but also social problems. Hence,
they
are
considered
global
problems.
Desertification and degradation emerge as a result
of a decrease in soil quality. Based on previous
studies, an estimated 40% of farming areas in the
3010
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a decrease in soil quality in the Tekirdag province
and its immediate milieu is a result of the relevant
situation.
The most harmful aspect of the decrease in
soil quality in the study area is that the situation
paves the way for various global problems, such as
desertification and degradation, which may occur
via soil erosion taking place due to natural and
socio-economic conditions in the area. Erosion is
one of the most important environmental problems
facing the Tekirdag province²a claim supported
by study, which included a map of the Tekirdag
province highlighting the distribution of erosion
risk classes [58]. The map shows that low levels of
SQI projects lead to severe, high, and moderate
risks of erosion. Thus, studies on the struggle
against soil erosion in the study area can protect
soil by preventing the loss of quality in farming
areas while increasing the continuity of the capacity
to carry out basic functions of soil to assist the
protection of soil quality. In addition, the control of
soil erosion and the minimization of soil loss, the
primary emphases of soil management, are critical
for ensuring productivity and increasing soil quality
[59].

necessary to conduct studies on the decrease in soil
quality and degradation.
This study revealed that the main reason
underlying the soil quality change, particularly
deformation, in the Tekirdag province is
anthropogenic factors. The most influential of these
factors is not using the soil in a way fitting the
purpose. Unsustainable farming practices such as
the unbalanced use of fertilizer and chemicals,
overirrigation, inadequate drainage conditions, use
of heavy machines and equipment, and overgrazing
decrease soil quality and lead to deformation [47].
On the other hand, quality index parameters in
processed farming areas were found to be generally
poor [48]. Because the area of study in this research
is generally comprised of farming areas, intense
and unconscious farming practices directly
influence soil structure, leading to a decrease in soil
quality over time.
Indeed, low SQI values were detected in
bottom lands, where farming activities are intense;
in addition, the soil is extremely processed due to
irrigated farming. These findings clearly support
the study results. In these areas, the intense and
untrained use of artificial fertilizers to increase
productivity of the unit area leads to salinization,
creating questions about soil quality problems.
According to some studies [48], inappropriate
farming activities that have been in practice for a
long time in the Tekirdag province have damaged
the soil structure, and an extremely high ratio of
nitrogeneous manure per unit area compared to the
average amount used in Turkey is employed in this
province. Likewise, it has been reported [49] that
90% of farming areas in the Tekirdag province are
very poor in organic substance. In addition, natural
radioactivity measurements conducted on the soil
of the study area indicated that a considerable
proportion of this area has high Caesium-137
(137Cs) concentrations [50]. Based on all the
results, the main reason for the decrease in soil
quality seems to be inappropriate farming practices
stemming from the use of artificial fertilizers. It has
been reported [51] that the relationship between
organic substance and other soil characteristics
deteriorates as a result of constant processing and
fertilizing.
Another
anthropogenically
originating
problem of the decrease in soil quality of the study
area is opening farming areas for settlement. This
same situation has been observed in many parts of
the world [52, 53, 54]. It has been determined that it
is a basic necessity for controlling soil quality and
reclaiming degraded soil [46, 55]. Indeed, studies
previously conducted in the study area have
highlighted the fact that soil quality decreased in
the Tekirdag province and its immediate milieu,
reporting settlements in the previously farmed areas
as the main reason for the situation [56, 57]. It is
highly probable, according to the SQI analysis, that

CONCLUSIONS
Researching
soil
quality,
which
is
multidimensional and influences development
processes, is the primary practice employed for
sustainable soil management. Hence, it may be
possible to understand soil sources that serve basic
ecosystem functions and are considered as habitats
of physical, chemical, and biological characteristics
and processes in a better way.
Thanks to this study, which sought to
diagnose soil quality, it was seen that 88.3% of the
Tekirdag province has moderate quality soil
characteristics. No high quality SQI class was
detected in this study. Meanwhile, the low quality
SQI class covers 11.7% of the area, suggesting that
the area is highly sensitive to desertification and
degradation. In addition, soil quality generally
decreases in the areas surrounding irrigated farming
areas and large urban settlements. The pairedsamples t-test results indicated that other natural
conditions, rather than altitude, are influential on
the distribution of SQI values. The study results are
important in both national and international terms
regarding the global problems of desertification and
degradation. In this sense, further studies to
increase soil quality should be conducted. Similar
analyses need to be made, primarily in areas
sensitive to natural environmental changes in
Turkey. The results should be shared with people
living in the area, especially farmers, who should
also be provided with relevant training to ensure
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Desertification.
European
Commission
Community Research, Brussels.
[12] Hill, J. (2005) LADAMER: Land and Soil
Degradation Assessments in Mediterranean
Europe. European Commission Community
Research, Brussels.
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and Environment, Alexandroupolis, 241-254.
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Pisante, M., Quaranta, G. and Taberner, M.
(2000) Evaluating environmental sensitivity at
the basin scale through the use of geographic
information systems and remotely sensed data:
an example covering the Agri basin (Southern
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International Conference on Water Resources
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territory. Earth Discuss 3, 41-85.
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Environmental
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for
Desertification of a Mediterranean Landscape
Using Remote Sensing and GIS Applications.
European Academic Research I (8), 1023310253.
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that it is possible to protect soil presence and
quality in a more sustainable way.
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ZHWODQGIOXFWXDWLQJZDWHUOHYHOUHPRYDO

ABSTRACT
5LYHUVLGH ZHWODQG LQ WKH ORZHU UHDFKHV RI
6RQJKXD 5LYHU KDV VXIIHUHG LQWHQVH GDPDJH
UHVXOWLQJ LQ UDSLG GHJHQHUDWLRQ RI WKH ZDWHU
SXULILFDWLRQV\VWHPUHODWHGWRKXPDQGHVWUXFWLRQDQG
ZDWHUSROOXWLRQ9LROHQWIOXFWXDWLRQVLQZDWHUOHYHOV
PD\ OHDG WR ZRUVHQLQJ ZDWHU TXDOLW\ HIIHFWV DQG
GHVWUXFWLRQRISODQWJURZWK(FRORJLFDOIORDWLQJEHGV
SURYLGHDQHIIHFWLYHZD\WRRYHUFRPHWKHSUREOHPV
\HW OLPLWHG LQIRUPDWLRQ UHJDUGLQJ 6SKDJQXP
SXULILFDWLRQ KDV EHHQ REWDLQHG LQ WKH RSHQ ZDWHU
HQYLURQPHQW7KHDELOLW\RI6SKDJQXPVXUYLYDODQG
LWV FRUUHODWLRQ WR QXWULHQWV HQULFKPHQW LQ YLROHQWO\
IOXFWXDWLQJULYHUVLGHZHWODQGZDWHUDVDSSOLHGWRWKH
HFRORJLFDOIORDWLQJEHGDUHLQYHVWLJDWHGLQWKLVVWXG\
(FRORJLFDOIORDWLQJEHGVZLWK6SKDJQXPIDOOD[DQG
6SKDJQXPVTXDURVVXPZHUHFKRVHQIRUQLWURJHQ 1 
DQG SKRVSKRUXV 3  HQULFKPHQW 7KH UHVXOWV
LQGLFDWHGWKDWFKDQJHVRIZDWHUTXDOLW\ KLJK1ORZ
3 ORZ 1 KLJK 3  UHVXOWLQJ IURP ZDWHU OHYHO
IOXFWXDWLRQV LQ WHVW DUHDV ZHUH EHQHILFLDO IRU WKH
VXUYLYDO RI 6SKDJQXP VSHFLHV HVSHFLDOO\ LQ IORRG
SHULRGV WKDW KLJK FDUERQ FRQWHQW RI ZDWHU FRXOG
HIIHFWLYHO\ VWLPXODWH WKH JURZWK RI 6SKDJQXP
VSHFLHV )ROORZLQJ IRXU PRQWKV RI ILHOG WHVWV WKH
DPRXQWV RI 1 DQG 3 HQULFKPHQW LQ 6SKDJQXP
VTXDURVVXP ZHUH  DQG  PJJ GU\ ZHLJKW
UHVSHFWLYHO\ ZKLOH LQ 6SKDJQXP IDOOD[ ZHUH 
DQG  PJJ GU\ ZHLJKW 1 HQULFKPHQW ZDV
VXSHULRU WR 3 IRU ERWK 6SKDJQXP PRVV W\SHV 7KH
UHOHDVH RIQXWULHQWVHVSHFLDOO\3FDQEH FRQWUROOHG
HIIHFWLYHO\E\KDUYHVWLQJ6SKDJQXPVSHFLHVLQHDUO\
ZLQWHU 7KLV VWXG\ FRXOG EH XVHIXO IRU LPSURYHG
XQGHUVWDQGLQJ RI ZDWHU UHVWRUDWLRQ LQ YLROHQW
IOXFWXDWLQJ GHJUDGHG ULYHULQH ZHWODQG E\ HXWURSKLF
6SKDJQXPPRVVHV

INTRODUCTION
6SKDJQXP LV QRW RQO\ D NH\ RUJDQLVP
FRPPXQLW\ LQ WKH ZHWODQG HFRV\VWHP EXW DOVR
VLJQLILFDQWO\ FRQWULEXWHV WR FDUERQ VHTXHVWUDWLRQ LQ
WKH SURFHVV RI VZDPS IRUPDWLRQ DV LW DFFXPXODWHV
FDUERQ &2  IURP WKH DWPRVSKHUH LQ WKH IRUP RI
SHDWGHSRVLWV>@6SKDJQXPDOVRDFWVDVDQHIIHFWLYH
RUJDQLFPRLVWXUL]LQJPDWHULDODQGDEVRUEHQWRIWR[LF
FKHPLFDOE\LWVDQDWRPLFDOVWUXFWXUH+HQFHQXWULHQW
ULFKVSKDJQXPPD\EHHPSOR\HGWRUHPRYHQLWURJHQ
1 DQGSKRVSKRUXV 3 SROOXWDQWVWKXVUHVWRULQJWKH
GDPDJHGZHWODQGHFRV\VWHP>@
)UHVKZDWHUZHWODQGVLQ&KLQDDUHRQO\YLVLEOH
LQ WKH IORRG SODLQ DUHDV WKDW DUH PDLQO\ ORFDWHG LQ
QDWXUH UHVHUYHV +XPDQ GHVWUXFWLRQ DQG ZDWHU
SROOXWLRQ KDV SURGXFHG VLJQLILFDQW GDPDJH WR
ULYHUVLGHZHWODQGVLQWKHORZHUUHDFKHVRI6RQJKXD
5LYHU FDXVLQJ ZDWHU SXULILFDWLRQ IXQFWLRQ WR
GHJHQHUDWH UDSLGO\8UJHQW QHHGSHUVLVWV IRUSURSHU
HFRUHPHGLDWLRQ WHFKQRORJ\ WR DPHOLRUDWH WKH
GDPDJH DQG SURYLGH UHVWRUDWLRQ DQG HQYLURQPHQWDO
SURWHFWLRQ 6SKDJQXP KDV EHHQ FXOWLYDWHG LQ PDQ\
FRXQWULHVVXFKDV&DQDGD)LQODQG&KLOH*HUPDQ\
-DSDQ 6RXWK .RUHD HWF 7KH FXOWLYDWLRQ LQ WKRVH
FRXQWULHV RFFXUUHG XQGHU VSHFLILF ZDWHU OHYHO >@
FRQGLWLRQV GLIIHULQJ IURP &KLQD ZKHUH ULYHULQH
ZHWODQGV H[SHULHQFH H[WUHPH IOXFWXDWLRQV :DWHU
OHYHO IOXFWXDWLRQV PD\ DIIHFW ZDWHU TXDOLW\ ZKLOH
DFWLQJ WR GHVWUR\ SODQW JURZWK >@The ecological
floating bed has been widely applied to the open
water environment for addressing potentially
damaging effects of, for example, agricultural runoff
[6], eutrophic lake waters [7], urban stormwater
[8,9], river water [10]etc. Advantages of the

.(<:25'6
6SKDJQXP PRVV HFRORJLFDO IORDWLQJ EHG GHJUDGHG
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7$%/(
:DWHUTXDOLW\VWDQGDUGVRI&KLQD RQO\UHOHYDQW
ZDWHUFRQVWLWXHQWVVKRZQ

ecological floating bed include low cost, simple
maintenance and
water level fluctuation
adaptability[11]. Limited information exists related
to the efficiency of Sphagnum purification in
degraded riverside wetland water environments
through the application of ecological floating bed.
6SKDJQXP¶V DELOLW\ WR VXUYLYH DQG SURYLGH
HQULFKPHQW IRU QXWULHQWV LQ H[WUHPH IOXFWXDWLQJ
riverside wetland water was investigated by utilizing
ecological floating bedV ZLWK WZR GRPLQDQW
HXWURSKLF6SKDJQXPVSHFLHV 6SKDJQXPIDOOD[DQG
6SKDJQXP VTXDURVVXP 2EMHFWLYHV RI WKLV VWXG\
ZHUHWR  HYDOXDWH1DQG3XSWDNHE\WZRGRPLQDQW
6SKDJQXP VSHFLHV DQG VHOHFWSURPLVLQJ 6SKDJQXP
VSHFLHV   LQYHVWLJDWH HIIHFWV RI ZDWHU OHYHO DQG
ZDWHU TXDOLW\ IOXFWXDWLRQ RQ WKH VXUYLYDELOLW\ DQG
HQULFKPHQW RI 6SKDJQXP   SURYLGH RSWLPDO
PDQDJHPHQW VWUDWHJLHV VXFK DV ELRPDVV KDUYHVW WR
QXWULHQWUHPRYDO

3DUDPHWHUVVWDQGDUGYDOXH
PJ/
S+
&2'
71
73

*%
,9
9









6\VWHPFRQILJXUDWLRQDQGRSHUDWLRQVWUDWHJ\
)LYH HFRORJLFDO IORDWLQJ EHGV ZHUH GHVLJQHG
XQLIRUPO\ DV IROORZV 6SKDJQXP PRVV ZDV
WUDQVSODQWHGLQWRSRO\HWK\OHQHEDUUHOVZLWKSXQFKLQJ
DURXQGWKHERWWRPDQGWKHQIL[HGLQWKHSODVWLFIRDP
ERDUG)ROORZLQJFRQVWUXFWLRQZLWK6SKDJQXPIDOOD[
,  DQG 6SKDJQXP VTXDURVVXP ,, ,,, ,9 9  WKH
HFRORJLFDOIORDWLQJEHGVZHUHVXEPHUJHGLQZDWHUWR
DGHSWKRIFP6SKDJQXPIDOOD[ZDVWUDQVSODQWHG
IURP DUHD $ LQ ;LQJNDL /DNH R1 ˈ
R(  ZKLOH 6SKDJQXP VTXDURVVXP ZDV
WUDQVSODQWHG IURP DUHD %  R1 
R
( 7KHSHUHQQLDOZDWHUDUHDZDVVHOHFWHGWRVWXG\
ZDWHUSXULILFDWLRQRIWKHGHJUDGHGZHWODQGULYHUDUHD
)XMLQ WHVW DUHD  (QULFKPHQW DELOLW\ RI 1 DQG 3
QXWULHQWVZDVDVVHVVHGDIWHUWKHIRXUPRQWKWHUPRI
WKHH[SHULPHQWIURP-XQHWR2FWREHU

MATERIALS AND METHODS
6WXGLHG VLWHV 7KH VWXG\ ZDV FRQGXFWHG LQ D
GHJUDGHG ZHWODQG DUHD LQ WKH FLW\ RI )XMLQ
R1R( 7KHORZHUUHDFKRIWKH
6RQJKXD 5LYHU LQ &KLQD UXQV D WRWDO OHQJWK RI 
NP WKURXJK WKH DUHDV RI WKH 6DQMLDQ 3ODLQ IURP
-LDPXVL WR 7RQJMLDQJ )XMLQ LV ORFDWHG RQ WKH
VRXWKHUQEDQNRIWKHORZHUUHDFKHVRIWKH6RQJKXD
5LYHU DQG ZLWKLQ WKH 6DQMLDQJ 3ODLQ DUHD 7KH
ZHWODQG VWXG\ DUHD LV W\SLFDO DQG UHSUHVHQWDWLYH RI
WKLV ORFDWLRQ )LJ  :DWHU TXDOLW\ RI WKH ORZHU
UHDFKHVRI6RQJKXD5LYHULVSRRULQGU\QRUPDODQG
ZHWVHDVRQVDQGPHHWVWKHQDWLRQDOTXDOLW\VWDQGDUG
RI&KLQD (QYLURQPHQW4XDOLW\6WDQGDUGRI6XUIDFH
:DWHULQ&KLQD*% IRUFODVV,9DQG9
VXUIDFH ZDWHU UHVSHFWLYHO\ 7DEOH   ZKLOH WKH
ZHWODQG ODQGVFDSH RI WUDQVLHQW IORRG DQG SHUHQQLDO
ZDWHU ZHUH IRUPHG GXH WR VHDVRQDO IOXFWXDWLRQ RI
ZDWHUOHYHOV>@

$QDO\WLFDO SURFHGXUH 6SKDJQXP IDOOD[
6SKDJQXP VTXDURVVXP DQG ZDWHU VDPSOHV ZHUH
FROOHFWHG IURP ;LQJNDL /DNH LQ -XQH  ZKLOH
VDPSOHV IURP )XMLQ WHVW DUHD ZHUH JRW LQ -XO\
6HSWHPEHU DQG 2FWREHU  UHVSHFWLYHO\
)XUWKHUPRUHZDWHUOHYHOVZHUHPHDVXUHGDWGLIIHUHQW
VDPSOH FROOHFWLRQ WLPH )UHVK ZHLJKW RI SODQW
VDPSOHVZDVWHVWHGRQWKHFROOHFWHGGD\DQGVDPSOHV
E\DLUGU\LQJZHUHJULQGHGIRUWHVWLQJWKHLU71DQG
73 FRQFHQWUDWLRQV :DWHU TXDOLW\ SDUDPHWHUV 71
73 DQG &2'  ZHUH TXDQWLILHG XVLQJ DXWRPDWLF
FKHPLFDO DQDO\]HU 6PDUWFKHP $06:HVWFR
,WDO\ 

RESULTS AND DISCUSSION
7KH ELRGLYHUVLW\ RI 6SKDJQXP 9DULRXV
6SKDJQXPVSHFLHVIURPWUDQVSODQWDWLRQDUHDV$DQG
% LQ ;LQJNDL /DNH ZHUH LGHQWLILHG 6SKDJQXP
VTXDURVVXP 6SKDJQXP IOH[XRVXP DQG 6SKDJQXP
IDOOD[ZHUHIRXQGLQORZO\LQJZDWHUDQGKLJKZDWHU
OHYHOFRQGLWLRQVRIWUDQVSODQWDWLRQDUHD$>@ZKLOH

),*85(
*HQHUDOYLHZRIWKHVWXG\VLWHV
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6SKDJQXPVTXDURVVXPDQG6SKDJQXPDXULFXODWXP
ZHUH IRXQG LQ WUDQVSODQWDWLRQ DUHD % 6SKDJQXP
IOH[XRVXP DQG 6SKDJQXP IDOOD[ ZHUH WKH VSHFLDO
VSHFLHV RI WUDQVSODQWDWLRQ DUHD$ ZKLOH 6SKDJQXP
DXULFXODWXP ZDV WKH VSHFLDO VSHFLHV RI
WUDQVSODQWDWLRQ DUHD % 6SKDJQXP IDOOD[ DQG
6SKDJQXP VTXDURVVXP ZHUH GRPLQDQW VSHFLHV RI
DUHD$ DQG % LQ ;LQJNDL /DNH ZKLFK EHORQJHG WR
HQWURSKLF VSHFLHV 1XWULHQW UHPRYDO IURP WKH
SROOXWHGZDWHUZDVWKHQSRVVLEOHE\WUDQVSODQWLQJWKH
HQWURSKLF6SKDJQXPVSHFLHVLQWKHORFDOUHJLRQ

WUDQVSODQWLQJ ZHUH DV IROORZV S+  &2' 
PJ/71PJ/73PJ/&DUERQ & DQG
3 FRQWHQWV ZHUH UHODWLYHO\ ORZHU WKDQ WKH
WUDQVSODQWDWLRQDUHDVLQ;LQJNDL/DNHWKRXJKS+ZDV
DSSUR[LPDWHO\QHXWUDOLQGLFDWLQJHIIHFWLYH1DQG3
QXWULHQWV UHPRYDO IURP SROOXWHG ZDWHU E\ D VHOI
DGMXVWPHQWDQGDGDSWDELOLW\SURFHVVRIWKHHXWURSKLF
6SKDJQXPVSHFLHV
6SDWLDO DQG WHPSRUDO YDULDWLRQV RI ZDWHU
TXDOLW\ DQG ZDWHU OHYHO 6SDWLDO DQG WHPSRUDO
YDULDWLRQV RI ZDWHU TXDOLW\ DQG ZDWHU OHYHO LQ WHVW
DUHDVDUHSUHVHQWHGLQ7DEOH5HVXOWVLQGLFDWHWKH
ZDWHU OHYHO SDWWHUQV IURP -XQH WR 2FWREHU 
UDQJHG IURP PHGLXP ZDWHU OHYHO KLJK ZDWHU OHYHO
DQGORZZDWHUOHYHOLQWKH)XMLQWHVWDUHDV&1DQG
3FRQFHQWUDWLRQVURVHVLJQLILFDQWO\ZKHQSHDNZDWHU
OHYHOFPZDVUHDFKHGLQ-XO\SUHVHQWLQJZDWHU
TXDOLW\ZLWKORZ1DQGKLJK3SRWHQWLDOO\FDXVHGE\
SROOXWDQWV GLIIXVLRQ LQ WKH IORRGLQJ SHULRG :DWHU
TXDOLW\ZLWKKLJK1DQGORZ3ZDVFRQVWDQWZLWKWKH
H[FHSWLRQRILQ-XO\DQGWKHQZDWHUOHYHODQG&2'
FRQWHQW LQ GLIIHUHQW WLPH ZDV SRVLWLYHO\ FRUUHODWHG
:DWHUTXDOLW\IRU)XMLQWHVWDUHDVLQFOXGLQJ KLJK1
DQGORZ3DQGORZ1DQGKLJK3ZLWKS+UHPDLQLQJ
QHXWUDO ZDV EHQHILFLDO IRU VXUYLYDO RI 6SKDJQXP
VSHFLHVDWVLWH$ KLJK1DQGORZ3 DQGVLWH% ORZ
1DQGKLJK3 GXULQJWKHHQWLUHH[SHULPHQWDOSKDVH
DV GHPRQVWUDWHG DERYH :DWHU TXDOLW\ ZLWK KLJK &
OHYHOVFDXVHGE\SROOXWDQWGLIIXVLRQLQWKHIORRGLQJ
SHULRG DOVR EHQHILWWHG WKH JURZWK RI 6SKDJQXP
VSHFLHV %LRPDVVRIWKH ZKROH SODQWDOVRLQFUHDVHG
JUDGXDOO\ZLWKYDULDELOLW\RIXUEDQVWRUPZDWHUSRQGV
ZDWHU TXDOLW\ DV GULYHQ E\ G\QDPLF K\GURORJLF
FRQGLWLRQVDQGWKHDVVRFLDWHGLQSXWRISROOXWDQWV>@

&KDUDFWHULVWLF RI 6SKDJQXP DQG LWV
WUDQVSODQWDWLRQ HQYLURQPHQW 3K\VLFDO DQG
FKHPLFDO FKDUDFWHULVWLFV ZHUH DQDO\]HG EHIRUH DQG
DIWHU6SKDJQXPWUDQVSODQWDWLRQ71DQG73FRQWHQWV
RI 6SKDJQXPIDOOD[ZHUH DQG
PJJ GU\ ZHLJKW UHVSHFWLYHO\ ZKLOH WKDW RI
6SKDJQXP VTXDURVVXP ZHUH  DQG
 PJJ GU\ ZHLJKW UHVSHFWLYHO\ :DWHU
TXDOLW\SDUDPHWHUVIURPWUDQVSODQWDWLRQDUHD$ZHUH
DVIROORZVS+&2'PJ/71PJ/
73  PJ/ ZKLOH IURP WUDQVSODQWDWLRQ DUHD %
ZHUHS+&2'PJ/71PJ/73
PJ/7KHUHVXOWVVXJJHVWHGWKDW1FRQWHQWVRI
6SKDJQXP IDOOD[ DQG 6SKDJQXP VTXDURVVXP ZHUH
PRUH WKDQ  PJJ GU\ ZHLJKW DQG KLJKHU WKDQ 3
FRQWHQWVLQERWK6SKDJQXPPRVVVDPSOHVLQGLFDWLQJ
WKDW 6SKDJQXP IDOOD[ DQG 6SKDJQXP VTXDURVVXP
H[KLELWHGHIILFLHQWHQULFKPHQWFKDUDFWHULVWLFVIRU1
DQG37KHWZRVSHFLHVZHUHGHHPHGVXLWDEOHIRUWKH
SDUWLDO DFLG S+    HQYLURQPHQW >@ ZLWK
6SKDJQXP IDOOD[ PRUH VXLWDEOH IRU WKH KLJK 1 DQG
ORZ3HQYLURQPHQWDQG6SKDJQXPVTXDURVVXPPRUH
VXLWDEOHIRUWKHORZ1DQGKLJK3HQYLURQPHQW:DWHU
TXDOLW\ SDUDPHWHUV RI WKH )XQMLQ WHVW DUHD ZKHQ

7$%/(
7HPSRUDODQGVSDWLDOYDULDWLRQRIZDWHUTXDOLW\DQGZDWHUOHYHOLQWHVWDUHD

COD (mg/L)
TN (mg/L)
TP (mg/L)
pH
ZDWHUOHYHO (cm)

June
217
2.35
0.29

40-45

July
459
2.60
3.02

130




September
156
2.44
0.14

18-31

October
53.28
5.28
0.59

0-5
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WRUHUHOHDVHRIQXWULHQWVLQWRWKHHQYLURQPHQWZLWK
ZHDNHUJURZWKDQGVHQHVFHQFHDWORZHUWHPSHUDWXUHV
LQ QRUWKHDVW &KLQD  Ԩ  Vegetation decay
resulting from seasonal transition from summer to
winter may have contributed a surplus of organic
matter to the processing system [16]. Kadlec
confirms this with a report that plant storage of N
and P is temporary and as plant tissues degrade and
die, nutrients re-release into the treatment system
[17]. N and P removal and storage, thus was
temporary as the plant served as a medium for
nutrients removal.
&RQWHQWV RI 1 DQG 3 LQ 6SKDJQXP PRVV DV
SUHVHQWHG LQ )LJ D  DQG )LJ E  DOVR H[KLELW D
UHGXFWLRQWUHQGDIWHUWKHULVHLQGLIIHUHQW6SKDJQXP
VTXDURVVXPIORDWLQJEHGV ,,,,,,99 WHVWHGIURP
-XQH WR 2FWREHU 7KH FRQWHQWV RI 1 DQG 3 LQ
6SKDJQXP PRVV LQFUHDVHG WR a DQG
aPJJGU\ZHLJKWLQ6HSWHPEHUIURP
 DQG  PJJ GU\ ZHLJKW LQ -XQH ZLWK
DYHUDJHLQFUHDVHUDQJHVZHUHDQGPJJGU\
ZHLJKW7KHFRQWHQWVRI1DQG3HQULFKPHQWLQSODQWV
WKXVLQFUHDVHGE\DQGPJJGU\ZHLJKW$
GRZQZDUGWUHQGDOVRVLPLODUO\DSSHDUHGIRUFRQWHQWV
RI1DQG3LQWKH6SKDJQXPVTXDURVVXPIORDWLQJEHG
LQ2FWREHUZLWKUHGXFWLRQRI3FRQWHQWLQ6SKDJQXP
IDU H[FHHGLQJ WKDW RI 1 DV 3 FRQWHQW LQ 6SKDJQXP
ZDVOHVVWKDQWKDWRIWKHHDUO\WUDQVSODQW 
PJJ GU\ ZHLJKW  +DUYHVWLQJ 6SKDJQXP EHIRUH
2FWREHU WKHQ PD\ HIIHFWLYHO\ FRQWURO UHUHOHDVH RI
QXWULHQWV HVSHFLDOO\ 3 0HXOHPDQ HW DO
>@VXJJHVWHG WKDW 71 DQG 73 UHPRYDO HIILFLHQF\
FRXOG EH LQFUHDVHG E\ KDUYHVWLQJ DERYHJURXQG
ELRPDVVLQ6HSWHPEHULQVWHDGRIZLQWHUZKHQPRVW
QXWULHQWV WUDQVIHU WR WKH UKL]RPHURRW V\VWHP3ODQW
KDUYHVWSURPRWHGUHPRYDORIQXWULHQWVHVSHFLDOO\3
IURP LQWHUQDO ZHWODQG F\FOLQJ SURFHVVHV>@
:DQJ HW DO>@ DOVR VXJJHVWHG WKDW DERYHJURXQG
ELRPDVVKDUYHVWLQ-XQHZDVEHQHILFLDOWRPD[LPXP
3UHPRYDORULQ6HSWHPEHUWRSUHYHQW3UHOHDVHGXH
WR VHQHVFHQFH %LRPDVV KDUYHVW FRXOG WKHQ
VLPXOWDQHRXVO\SURYLGHHFRQRPLFUHWXUQVIRUDQLPDO
KXPDQ DQG LQGXVWULDO SURGXFWLRQ VXFK DV DQLPDO
IHHGV KXPDQ IRRG ELRPDVV PDWHULDO DQG QDQR
PDWHULDOV>@
7KHHIIHFWRI1DQG3HQULFKPHQWLQ6SKDJQXP
VTXDURVVXPZDVVXSHULRUWRWKDWRI6SKDJQXPIDOOD[
DQG 1 HQULFKPHQW IRU ERWK ZDV EHWWHU WKDQ 3
HQULFKPHQW3RWHQWLDOH[SODQDWLRQVPD\EHWKDW13
RI 6SKDJQXP IDOOD[ ZDV KLJKHU DW  WKDQ RI
6SKDJQXP VTXDURVVXP DW  DQG KLJKHU WKDQ 
EHIRUH 6SKDJQXP WUDQVSODQWDWLRQ :DWHU TXDOLW\ RI
KLJK1DQGORZ3LQWHVWDUHDVREWDLQHGGXULQJWKH

Content˄
˄mg/g dry
weight˅







June

September

October

),*85(
(QULFKPHQWRI13LQ6SKDJQXP)DOOD[DW
GLIIHUHQWWLPH

),*85(
(QULFKPHQWRI1DQG3DWGLIIHUHQW6SKDJQXP
6TXDURVVXPIORDWLQJEHG
1DQG3HQULFKPHQWRIGLIIHUHQW6SKDJQXP
PRVV7KHFDSDFLW\RI13HQULFKPHQWLQ6SKDJQXP
IDOOD[DQG6SKDJQXPVTXDURVVXPLVSUHVHQWHGLQ)LJ
DQG)LJ5HVXOWVLQGLFDWHGWKDWFRQWHQWVRI1DQG
3ZHUHDQGPJJGU\ZHLJKWLQ
WKHHDUO\WUDQVSODQWRI6SKDJQXPIDOOD[ IORDWLQJEHG
, LQ-XQH)ROORZLQJIRXUPRQWKVZLWKZDWHU
TXDOLW\ IOXFWXDWLRQ KLJK 1 DQG ORZ 3 ORZ 1 DQG
KLJK 3  WKH KLJKHVW FRQWHQWV RI 1 DQG 3 LQ WKH
6SKDJQXPIDOOD[IORDWLQJEHGZHUHDQG
  PJJ GU\ ZHLJKW LQ 6HSWHPEHU
UHVSHFWLYHO\7KHFRQWHQWVRI1DQG3HQULFKPHQWLQ
SODQWV WKXV LQFUHDVHG E\  DQG  PJJ GU\
ZHLJKW )LJ  1 DQG 3 FRQWHQW LQ WKH 6SKDJQXP
PRVVGHFOLQHGUHPDUNDEO\LQ 2FWREHUSRVVLEO\GXH
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VTXDURVVXPZHUH VXSHULRUWRWKRVH ZLWK 6SKDJQXP
IDOOD[DQG1DFFXPXODWLRQZDVEHWWHUWKDQ3IRUERWK
6SKDJQXP KDUYHVW FRXOG HIIHFWLYHO\ FRQWURO WKH UH
UHOHDVH RIQXWULHQWVHVSHFLDOO\ WKH 3UHOHDVHLQWKH
6SKDJQXP ERG\ 7KLV VWXG\ VXSSRUWV LQFUHDVHG
XQGHUVWDQGLQJRI1DQG3UHPRYDOWKURXJKHXWURSKLF
6SKDJQXPPRVVHVDSSOLFDWLRQDQGDSSOLFDWLRQRIWKH
HFRORJLFDO IORDWLQJ EHG IRU SROOXWDQW UHPRYDO LQ
GHJUDGHGH[WUHPHIOXFWXDWLQJULYHULQHZHWODQG

WHVWV H[FHSW -XO\  PD\ WKHQ DOVR KDYH EHHQ PRUH
EHQHILFLDOWRWKHJURZWKRI6SKDJQXPIDOOD[ZLWKWKH
DELOLW\ RI LQVXIILFLHQF\ HQULFKPHQW ZDV FDXVHG E\
UHODWLYHO\ ORZ & FRQWHQW 7DEOH   ZKLFK ZDV
FRQVLVWHQW ZLWK WKH UHVXOWV IURP /LPSHQV >@ &
FRQFHQWUDWLRQ ZDV WKH NH\ WR WKH JURZWK RI
6SKDJQXPIDOOD[ZLWKKLJK1DQGORZ37KHJURZWK
HQYLURQPHQW RI 6SKDJQXP VTXDURVVXP EHIRUH
WUDQVSODQWDWLRQFRQVLVWHGEULHIO\KLJK&ORZ1DQG
KLJK 3 LQ -XO\ FRQWULEXWLQJ WR FRQGLWLRQV RI
H[XEHUDQWJURZWKIRU6SKDJQXPVTXDURVVXP
7KH DPRXQWRI1DFFXPXODWLRQDQG13UDWLR
ZHUHSRVLWLYHO\FRUUHODWHGLQ6SKDJQXPVTXDURVVXP
RIGLIIHUHQWIORDWLQJEHGV ,,,,,,99 LQ6HSWHPEHU
)LJ 5HVXOWVLQGLFDWHGWKDWLQFUHDVLQJ1FRQWHQW
FRXOGSURPRWH1HQULFKPHQWRI6SKDJQXPVSHFLHV
6LJQLILFDQWFKDQJHVFRXOGEHREVHUYHGZKHQWKH13
UDWLRZDVKLJKHUWKDQWKHYDOXH  RI6SKDJQXP
VTXDURVVXP EHIRUH WUDQVSODQWDWLRQ 7KLV VWXG\
SURSRVHGDQGFRQILUPHGWKH SRVVLELOLW\RI1DQG3
UHPRYDO IURP SROOXWHG ZDWHU E\ WUDQVSODQWLQJ
HXWURSKLF6SKDJQXPDQGGLVFXVVHGDGGHGEHQHILWVWR
ODQGVFDSHRIEXLOGLQJDIORDWLQJEHGYHJHWDWLRQ]RQH
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CONCLUSIONS
1DQG3SROOXWDQWUHPRYDOIURPSROOXWHGZDWHU
ZDV SURYHQ SRVVLEOH E\ WUDQVSODQWLQJ HXWURSKLF
6SKDJQXPZLWKERWKSUDFWLFDOYDOXHDQGODQGVFDSH
HIIHFWV 6SKDJQXP IORDWLQJ EHGV H[KLELWHG
DGDSWDELOLW\ IRU ZDWHU TXDOLW\ DQG ZDWHU OHYHO
IOXFWXDWLRQV LQ GHJUDGHG ULYHULQH ZHWODQG ZDWHU
:DWHU TXDOLW\ IOXFWXDWLRQV ZLWK KLJK 1 DQG ORZ 3
WKHQORZ1DQGKLJK3LQWHVWDUHDVZHUHEHQHILFLDO
WRWKHVXUYLYDORI6SKDJQXPIDOOD[ KLJK1DQGORZ
3 DQG6SKDJQXPVTXDURVVXP ORZ1DQGKLJK3 
:DWHU TXDOLW\ ZLWK KLJK FDUERQ OHYHOV LQ IORRG
SHULRGVZDVEHQHILFLDOIRUWKHJURZWKRI6SKDJQXP
7KHHIIHFWVRI1DQG3HQULFKPHQWZLWK 6SKDJQXP
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theflow accumulationespecially on the nose of spur
dikes. When water hits the nose of spur dikes,it is
diverted to the bed due to the velocity distribution in
the depth of the river. The flow velocity after hitting
the spur dike is turned into pressure on the spur dike
and thus the resulting pressure gradient causes a
stream toward the bed. The velocity of this stream
increases from the surface to the bottombecause of
the changes in the pressure gradient.After hitting the
bed, thedownward flowis dispersed in different
directions. A portion of this stream digs the
riverbedand another portion goes back to the
upstream and inevitably moves in the direction of
flow while colliding with the general flow and
hitting the spur dike. The flow rotation and its
recurrence result in a horseshoe vortex. Water
rotation inside the cavity in front of the spur dike is
extended to both sides leading to a vortex similar to
horseshoes called ³horseshoe vortex´. Scour hole
dug by the horseshoe vortex will continue to increase
the volume of water inside the cavity to dissipate the
vortex energy. Downward streams and primary
vortices in the upper corner of the spur dike and the
secondary vortices arising in the middle and
downstream of the spur dike lead to some
interactions between water and bed materials. This is
the main cause of scour around the spur
dikes[2].Downward streams and primary vortices in
the upper corner of the spur dike and the secondary
vortices arising in the middle and downstream of the
spur dike lead to interactions between water and bed
materials. Thus, they are considered as the main
cause of scour around the spur dikes[3-4]. These
factors lead to the removal of bed material around
spur dikes resulting in large holes in the spur dike
nose in thelong term and the increased probability of
structural damage. From the quantitative point of
view, erosion and sedimentation are functions of
different parameters such as the type of spur dike,
structural and geometric structure,discharge and
properties of water and sediment, the distance
between the spur dikes, and engineering purposes
[5].Barbhujy and Dey [6] conducted an experimental
study to determine the three-dimensional flow
pattern, Reynoldsstresses, the turbulence and the
turbulent flow around the bridge abutment with

ABSTRACT
Scour around spur dikesin curved paths is one
of the main reasons fortheir destruction. In this
study,we conducted some experiments in a
laboratory Plexiglas flume of rectangular section
with an 180° bend to evaluate the effect of relative
distance between twospur dikes in the bend on the
occurred scour. For this purpose, two spur dikes
were installed at relative distances of 2,3,4, and 5
times the length of the spur dikes and in four
different relative lengths in the first half of an180°
bend. Uniform sand with a uniformity coefficient of
1.3 was used inthe floor of the flume. All
experiments were performed in four different
discharges and a constant flow depth in clear water.
The results show that with increasing the relative
distance of spur dikes, the relative maximum scour
depth increase at the opening of the spur dikes.

KEYWORDS:
Spur dike, relative distance, relative length, maximum
scour depth, 180° bend

INTRODUCTION
Spur dikes are used for diverting river flow
from theerodible beach forforming the appropriate
path to guide the flow,flood control, providing an
appropriate depth for shipping purposes,protecting
outer wall ofbends,and modifying river path [1].
Secondary flows and erosion of the outer wall of
bends in considered among the major problem in
riverbends. Spur dikes divert the flow from the banks
and prevent its collision with the coastal wall. Water
velocityis lowered whileflow colliding with the spur
dike. Subsequently, the flow collides with the next
spur dike after rotation and thereby the erosive force
of water is mitigated. In addition, due to low water
velocity,sediments carried by the river are deposited
between each pair of the spur dikes.Although spur
dikes are constructed for sedimentationand
preventing erosion of banksand beachesas well as
river positioning, they are affected by erosion due to
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the present work, we investigated the impact of the
distance between the spur dikes on the scour control
performance in 180° bends.

different cross sections in the direct path. Zaghloul
[7]performed some experiments to find the effects of
upstream
flow
conditions,
sediment
characteristics,and spur dike shape on the maximum
scour depth. Melville [8] provided an empirical
relation to predict the maximum depth of local
scourat spur dikes.He related the maximum scour
depth to the length of spur dike Kuhnleet
al.[9]studied the topography created around 90° spur
dikes and reported that scour shifts to downstream of
the spur dike.Giri et al.[10]experimentally and
numerically studied the impact of flow velocity and
repositioning of spur dikes on the flow field around
the spur dike in a bendchannel. Kuhnle et al.[11]
investigated the scour pattern around a spur dike at
angles of 45, 90, and 135° and found that, despite the
maximum scour volume, the optimal design angle is
achievedat 135°because of the lowest potential of
bed erosion near the beach.Zaghloul [12]performed
some experiments to explore the effects of upstream
flow conditions,sediment characteristics, and spur
dike shape on the maximum scour depth.When a
bank is protected with a series of g spur dikes, the
scour depth varies with the spur dike location.The
local scour depth near a spur dike that is far
downstream from the first spur dike is different from
that of a single spur dike. However, the scour depth
around the first spur dike is similar to that of a single
spur dike. Because of the effect of the neighboring
spur dike, the scour depth usually becomes smaller
than that of the single spur dike. In this
regard,Suzuki et al. [13] showed performed some
laboratory experiments and showed that the local
scour depth around a spur dike located far
downstream in a series of spur dikes is a function of
the spur dike spacing (S) to length (L) ratio.Suzuki
et al.[13]providedthe following equation for scour at
the farthest downstream spur dike:
(dse)c/(dse)1=0.07(S/L)+0.14for

DIMONSIONAL ANALYSIS
The purpose of thedimensionalanalysis is to
identifyparameters affecting the phenomenon under
study to determine dimensionless ratios and the
relationship between these ratios. Before
determining dimensionless parameters governing
scour around spur dikes, factors affecting scour must
be identified:
Considering a steady flow and constant fluid
properties,the following relationship holds between
the parameters affecting the scour around the spur
dikes in equilibrium state:
f 1( B , L , R , S , V , S 0 , y , g , U w , T , d s , U s )

0 (2)

where Ris the central radius of the bend, B the
channel width, Sthe distance between the spur dikes,
Lthe length of spur dike, Vflow velocity, y water
depth, ggravity, ȡwdensity of water, S0main channel
slope, d50the average diameter of bed load, and ȡsis
density of sediments. Neglecting theconstant
parameters in equation (2), the following equation is
obtained:
(3)
f 1 B , S , L, V , y , g 0
Using
Buckingham¶V Pi-theorem,
the
following dimensionless equation is obtained:
§ L S gy ·
(4)
f 2¨ , , 2 ¸ 0
©B L V ¹
or

§L S
·
f 2¨ , , Fr ¸
©B L
¹

ௌ

ʹ ൏  ൏ ͳͲ(1)

where

(dse)c: local scour at the farthest downstream spur
dike
(dse)1: scour at the first spur dike
S: the distance betweenthe spur dikes
L: length of spur dike

(5)

0



Fr is the Froude number,  ሺ ሻ the


relative length, and

ௌ

ሺ ሻ the relative distance in the


main channel.

MATERIALS AND METHODS
When (S/L)>12, i.e. the spur dikes are very far
apart, the group action vanishes and the scour
depthnear any spurdike is nearly the same as that of
a single spur dike. According to literature, spur dike
is an effective structure to protect beaches and to
prevent bank erosion. Given that the flow pattern and
velocity variations in the spur dikesare complex and
three-dimensional, in the event that the spur dikes
are constructed on the bank of river bends, the
situation will become more complex due to changes
in the flow pattern in river bends. There are also
similar studies in this area [14-17] for more study. In

Experiments were carried out in abend glass
flume with a central angle of 180°, a central radius
of ܴ =2.7m, and a width of B=0.5m. The relative
curvature of the bendwas R/B=5.4(R:the central
radius of the bend and B: the width of flume). Thus,
the resulting bend is of mildtype.A direct inlet
channel with a length of 9.1m is connected to a
channel with a 180° bend. The bendchannel is
connected to a flow depth control valve and an
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FIGURE 1
A schematic illustration ofLaboratory flume
output reservoir with another direct channel with a
length of 5.5 m (Fig. 1).
According to experimental results obtained in
Delft
Hydraulics
Laboratory,semi-empirical
relationships recommend for the distance of spur
dikes are1 to 2 times the width of the river or 1 to 5
times the length of the spur dike. According to [18],
the maximum length of the spur dike should be 10 to
20% of the channel width. Given that in this study
the length of spur dike is considered to be variable,
the distance between the spur dikes will be a function
of the length of spur dike.In this study,some
experiments
were
performed
using
two
Plexiglasflumes with a width of 1 cm and different
lengths of 6, 8,7, and 9 cm (L/B = 0.12, 0.14, 016,
and 0.18, respectively)atrelative distances (S/L) of 2,
3, 4, and 5. In all experiments, the Froude number
was 0.16, 0.24,0.32, and 0.40. A flow depth of 10 cm
was selected to prevent general scour along the
channel.According to [19], the average particle
diameter should be larger than 0.7 mm to prevent the
formation of ripples. Accordingly, a layer of natural
river sand with an average diameter of 2 mm and a
standard deviation coefficient of 1.3 was
selected.Asand layer with a thickness of 20 cm was
used in all experiments.According to [20],a water
depth of more than 20 mm is recommended to avoid
roughness effects. In the present work, a constant
water depth of 10 cm was considered in all
experiments. Since local scour is examined in clear
water conditions, to avoid erosion and sediment
transport in spur dike upstream, themean flow
velocity should be less than the critical velocity

u  uc

distance perpendicular to the walls of the outer bend.
Next, at each step,the bed material was selected from
river sand with a uniform grain diameter of 2 mm
and a standard deviation coefficient of 1.3. Asand
layer of a certain thickness was spread uniformly
across the flume by a moving chariot.Prior to starting
the test, the end valve of the flume was closed. To
prevent general scour, especially when the water
level was low,the bed was saturated by a pump from
downstream. After risingthe water level in the flume,
the main gate valves on the inlet pipe to the stilling
basin were gradually opened to reach the desired
flow rate. With fine adjustment of the gate valve and
downstream valve, a flow depth of 10 cm and the
desired flow rate wereachieved. After 2 hours for
sedimentationequilibrium around the spur dike, the
pump was turned off and water in the channel
wasslowly drainedto avoid its effect on the bed
topography. Next, by a laser depth gauge with an
accuracy of 0.01 mm, the bed topography around the
spur dike was surveyed in different situations and
discharges.As shown in Table 1, the maximum scour
at the first and second spur dike and the ratio of
scourswas calculated for different flow rates, spur
lengths, and distances. In this table, dsmax1 isthe
maximum scour depth at the first spur dike, dsmax2is
the maximum scour depth at the second spur dike,
and

ௗ௦ೌೣమ
ௗ௦ೌೣభ

presents the relative maximum scour

depth.

DISCUSSION

. Thus, all experiments were carried out at
During the experiments, after adjusting the
flow rate and depth, vortices immediately formed in
the nose and scour process began with a very high
speed, which was decreasing with time. With the
formation of the scour hole, sediments were
transformed downstream the scour hole.

8, 12, 16, and 20 l/s. To evaluate the effect of
discharge on scour, four discharges less than the
critical value were considered.The discharge was
measured using a 60°triangular overflow channel at
the flume inlet.First,two spur dikes were installed on
the first half of the bend with a certain length and
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TABLE1
The maximum scour at the first and second spur dike and the ratio of scours calculated for
different flow rates
Q(m3/s)
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020
0.008
0.012
0.016
0.020

B(cm)
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

S(cm)
12
18
24
30
12
18
24
30
12
18
24
30
12
18
24
30
14
14
14
14
21
21
21
21
28
28
28
28
35
35
35
35
16
16
16
16
24
24
24
24
32
32
32
32
40
40
40
40
18
18
18
18
27
27
27
27
36
36
36
36
45
45
45
45

L(cm)
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

L/B
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.12
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14

S/L
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5
2
2
2
2
3
3
3
3
4
4
4
4
5
5
5
5

Fr
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40

U(m/s)
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40

U/Uc
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40
0.16
0.24
0.32
0.40

dsmax1(cm)
0.34
0.44
0.55
0.82
0.39
0.48
0.62
0.95
0.41
0.53
0.73
1.09
0.43
0.56
0.76
1.12
0.42
0.57
0.70
1.04
0.49
0.64
0.76
1.19
0.52
0.71
0.78
1.23
0.58
0.66
0.86
1.30
0.55
0.71
0.92
1.25
0.57
0.78
0.84
1.31
0.59
0.82
0.92
1.34
0.62
0.81
0.98
1.38
0.60
0.73
1.01
1.39
0.62
0.80
1.05
1.46
0.65
0.82
1.07
1.53
0.68
0.87
1.10
1.55

dsmax2(cm)
0.06
0.09
0.11
0.17
0.09
0.12
0.16
0.27
0.12
0.17
0.24
0.37
0.15
0.21
0.29
0.45
0.08
0.12
0.15
0.24
0.12
0.16
0.21
0.33
0.16
0.23
0.27
0.43
0.22
0.25
0.34
0.53
0.12
0.16
0.21
0.30
0.15
0.21
0.24
0.38
0.19
0.28
0.33
0.50
0.24
0.32
0.41
0.59
0.13
0.17
0.24
0.35
0.17
0.23
0.32
0.44
0.22
0.29
0.40
0.58
0.27
0.36
0.47
0.68

dsmax2/dsmax1
0.18
0.19
0.20
0.21
0.23
0.24
0.26
0.28
0.29
0.31
0.32
0.34
0.36
0.37
0.38
0.40
0.19
0.20
0.21
0.23
0.24
0.25
0.27
0.28
0.31
0.32
0.34
0.35
0.38
0.38
0.39
0.41
0.21
0.22
0.23
0.24
0.26
0.27
0.28
0.29
0.32
0.34
0.36
0.37
0.39
0.40
0.42
0.43
0.22
0.23
0.24
0.25
0.27
0.29
0.30
0.30
0.34
0.35
0.37
0.38
0.40
0.41
0.43
0.44
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FIGURE 2
Scour in the laboratory model with a dike length of 9 cm and a dike distance of 18 cm
impact on the flow pattern, bed topography,and the
maximum depth of scouraround the spur dikes.Figs.
3 and 4 show the dimensionless relativemaximum
scour depth at two successive spur dikes atfour
relative distances of 2, 3, 4, and 5 and four Froude
numbers of 0.16, 0.24, 0.32, and 0.40. According to
the results,the relative distance strongly affects the
relative maximum scour depth aroundthe spur dikes.
The distance between two successivespur dikes
alters the flow pattern and the relative scourdepth
hole. The relative maximum scour depth increases
with increasing the relative distance between the
spur dikes in all Froude numbers and all relative
lengths. The main factor affecting scour around spur
dikesis secondary flows around the spur dikes.
Therefore, an increase in the relative maximum
scourdepth with an increase in the relative distance
is due to the strong secondary flows that become
stronger by increasing the distance between the two
spur dikes. The size ofscour hole is also increased.
According to [21],similar to the maximum scour
depth, the size of scour hole increases with
increasing the distance between the spur dikes.

After a while, sediments from the scour hole
reach an area where the impact of the spur dike on
that area is decreasing and the effect of vortices
behind the spur dike is negligible. In this situation,
sediments transported from the scour hole are
transferred to the inner wall under the influence of
secondary flow. As a result, two or more small dunes
are formed in the inner wall. In the same area in the
outer wall of the bend, sedimentation occurs with a
minimum scour depending on hydraulic conditions.
According to the results, the maximum depth of
scour in all experiments is observed at the spur dike
upstream near the nose of the spur dike (Fig. 2).
The impact of spur dike distance on the
maximum scour around spur dikes. In this study,
experiments were performed to investigate the effect
of relative distance between the spur dikes on the
relativemaximum scour depth around spur dikes in
an 180° bend in four Froude numbers (Fr) and four
relative lengths of spur dike (L/B). Due to the change
in the flow pattern while installing the spur dikes, the
installation of successive spur dikes has a significant
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FIGURE 3
The maximum ratio of maximum scour depth of the second spur dike to that of the first spur dike versus the
relative distance between the spur dikes in different lengths and Froude numbers

FIGURE 4
The ratio of maximum scour depth of the second spur dike to that of the first spur dike versus the relative
distance between the spur dikes in different lengths and Froude numbers
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FIGURE 5
A comparison between the results of present work and those of Suzuki et al. (1987)
ௗ௦ೌೣమ

After performing all experiments and
surveying the maximum scour depth around spur
dikes and calculating the relative maximum scour
depth, to compare the impact of relative distance of
spur dikes on the relative maximum scour depth
scour obtained in the present study with those
obtained by other researchers, we applied the
correlation provided by Suzuki et al. [13]. As shown
in Fig. 5, comparing our results with those of Suzuki
et al. [13] confirms an increase in the relative
maximum scour depth with increasing the relative
distance between the spur dikes.

ௌ

ൌ ͲǤͲʹ   ͲǤͲͺͺ       (6)
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Regression calculations of the experimental
data provide a linear relationship between the
relative maximum scour depth scour and the relative
distance between the spur dikes as follows:
This equationholds in the first half of an180°
bend, for which a 0.93correlation coefficient was
obtained.Fig. 6 compares the experimental results
with those calculated byEquation 2. A good fit is
observed between the measured and calculated
dataaround the 45° line, suggesting that the relative
maximum scourdepth can bepredicted with an
acceptable accuracy. The correlation coefficient of
experimental and computational scouris about 0.93.

The equations for the maximum scour
depth. According to Fig. 5, the relative distance
between the two spur dikes is an important factor
which affects the relative maximum scour depth.

   


































FIGURE 6
Comparison of the calculated and experimental relative maximum scour depth
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of Hydraulic Research, 13: 425±444.
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statistical analysis of sediment heavy metal
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Fresen. Environ.Bull., 25: 2909-2918.
[15] Shi, T., Peng, Y., Cao, X., Wang, S., Guo, F.,
Cao, Y., Liu, J. (2017) Evaluation on
distribution and fractionation of antimony in the
sediments of Yellow River estuary. Fresen.
Environ. Bull., 26: 1528-1537.
[16] Stathis D., Sapountzis M., Myronidis D. (2010)
Assessment of land-use change effect on a
design storm hydrograph using the SCS curve
number method, Fresen. Environ. Bull.. 19(9a):
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[17] Filiz, N. and Kucuksezgin, F. (2008)
Composition and distribution of organochlorine
pesticide residues in surface sediments from
Gediz and Bakircay rivers (eastern Aegean).
Fresen. Environ.Bull., 17(6): 751-761.
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[19] Alvarez, J. A. M. (1989) Design of groins and
spur dikes.NationalConference on Hydraulic
Engineering, New Orleans, 296-301.
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Journal
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study on scour and flow field in a scour hole
around a T-shape spur dike in a 90° bend.
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CONCLUSION
The main results of this study are outlined as
follows:
1. By increasing the relative distance between
the spur dikes in all Froude numbers, the relative
maximum scour depth is also increased.
2. By increasing the relative distance between
the spur dikes in all the relative lengths of the spur
dikes, the relative maximum scour depth is also
increased.
3. By increasing the Froude number in all
cases, scour hole dimensions and sedimentation in
the longitudinal direction and along the flow
downstream will increase.
4. The maximum scour depth was observed at
spur dike upstream near the nose of the spur dikes.
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pendent on living corals for food, shelter, and refuge
from predators [5, 7].
Corals have been shown to be good tracers of
pollutants in the marine environment [2, 3, 8-11].
The incorporation of trace elements in the aragonitic
skeletons of corals provides proxies for chemical and
physical changes in the surrounding environment on
both short and long timescale [2, 12-14], like precipitation [15], salinity [16], industrial pollution [17]
and sea-surface temperature (SST) [18-21].
Trace elements of divalent ions are secreted
within the coral skeleton through direct replacement
of calcium (or carbonate) in coral aragonite structure
[22-24], whereas non-divalent ions are trapped by
the inclusion of detritus materials into skeletal pore
spaces, uptake of organic materials, incorporation of
metals into coral skeletons, or coral feeding [10, 12,
22, 23, 25].
The coral Stylophora pistillata is an important
coral specie in the Gulf of Aqaba as well as in the
Red Sea and it can be sampled without causing major
damage to the colony [26, 27]. In the present study,
the Stylophora pistillata corals have been investigated as bio-indicators for anthropogenic activities
and seawater chemistry in five representative sites
along the Jordanian coast of the Gulf of Aqaba. The
coral samples were characterized by Energy-Dispersive X-ray spectroscopy (EDX) and powder Xray diffraction (XRD) for the analysis of trace
elements in the skeleton and mineral phase, respectively.

ABSTRACT
Incubated branches of coral Stylophora pistillata in five sites along the Jordanian coast of the Gulf
of Aqaba were investigated to determine trace
elements composition and mineral phase in their
skeleton using Energy Disperse X-rays (EDX) and
X-ray Dif-fraction (XRD), respectively. The mineral
phase was identified as aragonite. Six trace elements
were found in coral skeletons: Mg, Sr, S, Cl, Ni, and
Na. Coral branches from the Public Beach site was
found to contain the highest concentrations of trace
ele-ments compared to other sites due to the impact
of human activities. Samples from the Phosphate
Ter-minal were poorly mineralized and dominated
by organic matrix, having only 10% of the average
calcium present in the samples from other sites. This
could be attributed to the role of phosphate in
inhibition of calcification and enhancement of photosynthesis. The variations in elemental contents of
the coral from different sites along the Jordanian
coast of the Gulf of Aqaba are proposed as environmental proxies of seawater chemistry and anthropogenic activities.

KEYWORDS:
Gulf of Aqaba; coral; Stylophora pistillata; Trace
elements; Energy Disperse X-rays; Calcium

INTRODUCTION
MATERIALS AND METHODS

The Jordanian coast of the Gulf of Aqaba lies
in one of the most important economic development
districts in Jordan. Due to recent high rates of
population growth, tourism, and industrial development, coral-reef ecosystem at the Gulf of Aqaba has
been heavily impacted by human activities, especially along its northern part [1-3].
Corals are extremely sensitive to environmental pollution due to having narrow physiological
tolerance ranges for environmental conditions [4-6].
However, the destruction of corals by pollution and
other anthropogenic factors leads also to the eventual
threat to many reef-associated species that are de-

Small fragments of the coral Stylophora pistillata from the same mother colony were cultured in a
mid-water floating nursery [28]. The fragments
developed into small colonies with five-year old and
thus have been used as bio-indicator for marine
pollution in the selected sites. Samples of the cultured corals were incubated since 2010 in five
representative impacted sites along the Jordanian
coast of the Gulf of Aqaba (Figure 1).
Five representative sites along the Jordanian
coast were selected for field incubation of the coral
branches. These include four sites that are known for
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being impacted by human activities and one additional site as protected area. These sites ordered from
north to south are: The Public Beach (PB) which is
heavily used by tourists, the Phosphate Terminal
(PT), where phosphate dust is the main pollutant, the
Marine Science Station (MSS), which is a marine
protected area, but recently became surrounded by
Containers Terminal and Ferry Station, the Oil
Terminal (OT) site, where the oil is the main
pollutant found in seawater, and the Industrial
Complex (IC) site where various pollutants are impacting the water.
Energy dispersive x-ray (EDX) spectroscopy
(A DSM 940, Zeiss AG, Link ISIS System, Oxford
Instruments) was used to identify the elemental composition of the coral samples. For the EDX measurements, the corals were cut perpendicular to the skeletal growth using low speed diamond saw
(BUEHLER Isomat, Germany) and cross section
surfaces were further polished using ethyleneglycol
lubricant to provide a flat surface that was coated
with Au for the EDX imaging.

The structural properties of the coral samples
were studied using powder X-ray diffraction (XRD)
PHDVXUHPHQW ZLWK &X .Į  c  DV WKH LQFLGHQW
radiation (Bruker, 1D 120° detector, x-ray diffractometer) operated at voltage of 40 kV and current of
30 mA. 7KH SRZGHU ;5' PHDVXUHPHQWV RI ș-ș
scan were performed on the samples over a wide
range of diffraction angles (20o - 60o). All samples
were grounded in a ball mill (500 rpm) for at least 5
min at room temperature, and then filled in a small
disc-like container and its surface was carefully
flattened, to be illuminated by the X-ray beam.

DISCUSSION AND CONCLUSION
)LJXUHVKRZVWKH;5'ș-șVFDQVRIWKHILYH
VDPSOHV 3%3706627DQG,& DWșGLIIUDFWLRQ
angles between 20 to 60 degrees. From XRD
profiles, it is noted that the aragonite is the major
crystalline phase. In addition, the X-ray profiles of
all samples are identical without any notable
difference.

FIGURE 1
Map of the Gulf of Aqaba showing the five coastal collection sites.

FIGURE 2
X-ray powder diffraction (XRD) profiles of the coral skeletons for the five coastal sites: Public Beach
(PB), Phosphate Terminal (PT), Marine Science Station (MSS), Oil Terminal (OT), and Industrial
Complex (IC).
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The EDX elemental analysis shows that coral
samples contain considerable amounts of trace
elements (see Table 1). The trace element concentrations in the coral samples collected from the five
coastal sites (see Figure 1) are shown in Figure 3,
while Figure 4 describes the trace element distribution in corals from each coastal site. Six elements are
found in different levels in the coral samples from
each site of collection: Mg, Sr, S, Cl, Ni, and Na.
This variation of trace elements concentration could
be attributed to the site-related anthropogenic
activities or/and the chemistry of surrounding
seawater during skeleton formation [10, 29-31].
Corals from the Public Beach (PB) were found
to have significantly higher concentrations of trace

elements like Sr, S, Ni, and Na, which is a signal of
pollution that effected chemical properties of seawater. Littering and deposition of organic materials
by the beach visitors are the main source of seawater
pollution in the Public Beach.
Corals at the Marine Science Station site MSS,
the marine protected area, showed contaminations of
trace elements like other site, probably due to being
surrounded the Container Port Terminal and Passenger Station where different kinds of wastes are
deposited in the sea by handling of containers and
littering [32, 33]. High levels of heavy metal (e.g.,
Cd, Cu) in the corals collected from the Public Beach
(PB) site were reported which is mainly linked to
anthropogenic and human impacts in this site [2, 33].


TABLE 1
Trace elements content (%) in the coral skeletons from different sites.

PB
PT
MSS
OT
IC

Mg
0.10 ±0.01
0.05 ±0.01
0.10 ±0.01
0.07 ±0.01
0.10 ±0.01

Sr
0.90 ±0.01
0.22 ±0.06
0.47 ±0.01
0.55 ±0.03
0.50 ±0.03

S
0.32 ±0.02
0.02 ±0.02
0.17 ±0.01
0.18 ±0.01
0.24 ±0.03

Cl
0.09 ±0.02
0.03 ±0.01
0.10 ±0.07
0.06 ±0.01
0.09 ±0.01

Ni
0.22 ±0.01
0.09 ±0.02
0.10 ±0.01
0.09 ±0.01
0.08 ±0.01

Na
0.51 ±0.05
0.32 ±0.07
0.40 ±0.01
0.36 ±0.02
0.34 ±0.02

FIGURE 3
Elemental composition (%) of the coral skeletons collected from the five coastal sites.

FIGURE 4
Trace element distribution (%) in the coral skeletons from different coastal sites.
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Ni is weakly incorporated into the aragonite skeleton
relative to calcium concentrations [44]. Although Ni
is omnipresent and is vital for the function of many
organisms, concentrations in some areas from both
anthropogenic release and natural sources might
increase its concentrations to toxic levels to living
organisms [45-47].
High Ni concentrations were recorded in
samples of several coral species in the Gulf of Aqaba
from the Industrial Complex and the Ferry Port sites
due to emissions from the fertilizer plants at the
Industrial Complex site. Moreover, uncontrolled
wastewater and solid waste discharges to the sea
from boat and passenger activities may increase Ni
concentrations in seawater [48]. The fringing coral
reefs of New Caledonia, where one of the major
nickel producers in the world exist, are heavily
impacted by Nickel due to extensive nickel mining
activities [49], which contribute primarily to metal
discharges [50, 51].
Chlorine (Cl) was found to exist in very low
and unreliable concentrations in coral samples from
all sites. Cl exists in coral skeletons as potassium
chloride or as sodium chloride phases and is considered to be toxic for corals [5]. The main source of
excess of Cl in seawater is sewage treatment that during floods may be mixed with seawater. Biofouling
treatment in industrial effluents can be also a source
of Chlorine [52].
Magnesium (Mg) concentration in the
elemental analysis ranged between 0.05 and 0.10
wt% for PT and BP, respectively. While Mg is the
third most abundant ion in seawater, behind sodium
(Na) and chlorine (Cl) (at 3.5% salinity) [53] and
does satisfy the electrostatic valence requirements of
the Ca position, its smaller ionic radius than Ca
makes it generally found in much lower
concentrations in aragonitic skeletons [54].
Nevertheless, it was reported that Mg content in
different coral species varies in coral from different
families and orders [42, 55, 56]. Pozdnyakova and
Krasnov [56] found that Mg in coral skeletons ranges
between 0.05 wt% up to 2.99 wt% in Family
Dendrophylliidae and Family Tubiporidae,
respectively. In the Red Sea coral Porites lobate for
example, Mg ranges between 0.40-1.22 wt% [56].
Mg composition in coral skeletons resembles
cyclical variation along the growth axis similar to
Na, and S [57]. This cyclical variation of Mg
concentration is evidently controlled seasonally by
seawater temperature [58]. Although the trace element Mg (as well as Sr) in coral skeletons is known
to provide proxy for paleoceanic environments [12,
58], the coral Mg/Ca ratio does not appear to be an
accurate proxy for Sea Surface temperature (SST)
compared to Sr due to the non-thermal affects [59,
60] which include chemical treatment [61].
On the other hand, results showed that coral
samples from the Phosphate Terminal (PT) are
poorly mineralized (Figure 5 and Table 2). The PT
coral samples have very low Ca content (2.09%),
which is around 10% of the average in coral samples

Strontium (Sr) and Sodium (Na) elements were
found to be the highest concentration exists in coral
samples from all sites, which is in accordance to recent study of Mitsuguchi, et al. [34]. Sr and Na
concentrations ranged between 0.22wt% for the PT
site and 0.90wt% for the PB site and between
0.32wt% for the PT site to 0.51wt% for the PB site,
respectively.
Na is the second most abundant ion in seawater
[35]. Although Na as a monovalent ion which does
not satisfy the electrostatic valence requirements of
the Ca position in the aragonite lattice, the similarity
of its ionic radius and its large abundance in seawater
result in a higher transfer of Na from sea water into
the crystallizing skeletal material [36]. The charge
imbalances resulting from the incorporation of Na+
into calcium-carbonate lattices may be compensated
by lattice defects and distortions such as vacancy
sites and interstitial ions that occur at higher density
at the center of calcification where very fast and
irregular crystal growth probably occurs [34, 37].
Other forms of trapping incompatible trace elements
include the inclusion of detritus materials into skeletal pore spaces, uptake of organic materials, incorporation of metals into coral skeletons, or coral
feeding [10, 12, 22, 23, 25].
Being a divalent cation, Sr is preferentially
incorporated into the organically precipitated aragonitic skeletal material although having greater ionic
radius than Ca [38]. The environmental chemical
record is secreted within the coral skeleton through
direct replacement of calcium (or carbonate) in coral
aragonite structure [22-24].
The use of strontium levels in the coral
aragonitic skeleton has long been recognized as an
indicator of seawater temperature at the time of coral
growth, however, anthropogenic pollution in seawater may effect on the temperature record [39].
The low Sr concentrations in samples from the
Phosphate Terminal (PT) can be strongly linked to
the increase of phosphate in seawater; it was found
that exposure of seawater to high levels of phosphate
are inversely associated with decreasing concentrations of strontium in corals [40]. Moreover,
strontium may provide an excellent indicator of
environmental stress related to anthropogenic-induced elevated nutrient levels due increased levels of
phosphate [39].
Sulphur (S) was found in very low concentrations in coral samples in the Phosphate Terminal
(PT) compared to other sites. Sulfate SO42± in
seawater is the forth abundant in seawater following
close behind Mg [35]. It exists in coral skeletons as
occupying specific sites in the crystal lattice of
marine aragonites [41, 42]. The environmental
controls of Sulphur (S) ± and Sodium (N) as well- in
corals and the correlation between inclusions of
sulfate into aragonitic structure of corals due to
pollution are poorly understood [43].
Nickel (Ni) were found in almost all locations
but with higher amounts in the samples from the
Public Beach (PB). Due to structural incompatibility,
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from other sites, where Ca concentrations ranged between 21.88% in the MSS to 25.81% in the OT.
However, coral samples from the PT site contain
considerable amounts of Sr, and Na.
This phosphate enrichment in seawater due to
deposition of the phosphate dust frRP WKH VKLSV¶
loading processes, leads to suppression of calcification in corals and coralline algae as well [62-65].
The phosphate pollution has also been already
implicated as a factor contributing to the decline of
reef ecosystems in the Gulf of Aqaba, an area
stressed by both oil and phosphate pollution [66-68].
Deposition of phosphate dust in seawater has
adverse impacts on marine ecosystem include
increasing suspended solids and water turbidity,
reduction of water clarity and light penetration [69]
and siltation of the coral reef and depression of coral
growth [70]. In addition, phosphate particles enhance mucus production by corals, which is an energy consuming process [71], and enhance coral injury and bacterial infection leading to their death
[72].
Walker and Ormond [64] found that phosphate
spillage during loading of phosphate materials and
the discharge of sewage in the Gulf of Aqaba is
responsible for increasing the death rate of Stylophora pistillata coral, whereas the fast-growing
opportunistic species Stylophora pistillata, shows
tolerance to the phosphate was the only remaining
abundant coral species [73].
Moreover, coral samples from the PT site with
low Ca concentrations showed higher amounts of
combined concentration of O and C elements (97.19
wt%) than it in the samples from the other sites
(averaged 74.26 ±1.77 wt%), as shown in Table 2.
This suggests that corals from the PT site contain
higher amounts of organic matter, which could be

explained by the role of phosphate in enhancement
of coral zooxanthellae photosynthesis that is
responsible for the synthesis of organic matrix of the
skeleton [74].
The chemical analysis from EDX spectra of the
corals can be used to obtain records of trace element
that are dissolved in seawater being incorporated
into the coral skeleton. The trace element
compositions in coral skeletons are proportional to
the ambient water concentrations during coral
growth and can be used as an indicator to the seawater chemistry and pollution. The results of this
study showed that certain elements are deposited at
different rates depending upon the pollutant
concentrations and varies with respect to the coastal
sites where samples are collected. Results revealed
also the adverse impact of phosphate deposition in
seawater on corals, which inhibit calcification in
coral skeleton. Due to the increased rates of
industrialization in the Gulf of Aqaba, notable increase pollutants emission into seawater is expected,
which might lead to alteration of corals, which is
considered to be a key ecosystem for the marine life.
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FIGURE 5
Composition of Ca, C, and O (%) in the coral skeletons from different coast sites.
TABLE 2
Composition of Ca, C, and O (wt %) in the coral skeletons from different sites


Ca
C
O

PB
23.65 ±2.93
22.08 ±0.97
52.15 ±1.67

PT
2.09 ±1.10
38.12±3.45
59.07±2.51

MSS
21.88±0.51
30.91±1.98
45.86±2.33
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25.81±1.19
24.67±0.98
48.21±0.80

IC
25.39±1.08
23.03±0.55
50.14±0.71
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occurs [3]. Lipid peroxidation (LPO), leads to the
creation of lipid peroxides and other intermediates,
is the biggest indicator of OS. The most common
intermediates of LPO are malondialdehyde (MDA)
and 4-hydroxynonenal [4]. Additionally, nitric oxide
(NO) is also one of the changing parameters when
the OS in the organism increase. [5].
Aquatic organisms are more susceptible to the
attack of ROS according to other aerobic organisms,
because they have rich source of polyunsaturated
fatty acids (PUFA) [6]. Seifried et al.[7] found that
low doses of ROS can be mitogenic, whereas
medium doses lead to temporary or permanent
growth arrest, and high doses usually result in cell
death either by opoptosis or necrosis. Therefore, it is
essential to periodically investigate the normal
monthly changes in OS parameters [2]. The studies
on this topic in aquatic organisms have been carried
out [8-17]. But, our study is the first report of the
monthly variability on antioxidant/oxidant status in
A. leptodactylus.
Keban Dam Lake is one of the largest manmade lake in Turkey, and is used for electrical
energy production and irrigation. Its area and volume
are ca.687, 31 km2 and 30.6 million m3, respectively
[18]. The narrow-clawed crayfish (Astacus
leptodactylus) is among the most important
crustacean species in the reservoir. This species is
seen in 27 countries and it is also a cultured species
[19].
The current study aimed to determine the
oxidant (MDA, NO) and the antioxidant (SOD,
CAT, GSH-Px and GSH) in hepatopancreas, muscle,
gills and gonad tissues of freshwater crayfish (A.
leptodactylus) the monthly collected during one year
IURP$\GÕQFÕNLQ Keban Dam Lake.

ABSTRACT
In the present study was determined the effects
of monthly variability on enzymatic antioxidant
(superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GSH-Px)), antioxi-dant
(reduced glutathione (GSH)) and the oxidant status
(nitric oxide (NO), lipid peroxidation (MDA)) in
hepatopancreas, muscle, gills and gonad tissues of
freshwater crayfish (A. leptodactylus) the monthly
collected throughout the year from Keban Dam Lake
of Turkey. Results indicate that variations in
oxidants and antioxidants with relation to month
were not only tissue specific but also were gender
specific. The levels of oxidant parameters were
generally higher in hepatopancreas in comparison to
muscle, gills and gonad of crayfish. Moreover, in
tissues were also determined the different oxidants
and antioxidants responses in moulting, mating,
breeding and egg laying periods.

KEYWORDS:
Astacus leptodactylus, year, oxidant, antioxidant, Keban
Dam Lake.

INTRODUCTION
The metabolic activities of aquatic organism
are influenced by changes in both biotic and abiotic
factors, which depend on the season, month and even
day. Differentiation in environmental factors as a
consequence of change in time can influence normal
metabolic activities of organisms and cause the
induction of oxidative stress (OS) as a consequence
of increased generation of reactive oxygen species
(ROS) [1, 2]. To cope with the continuous generation
of ROS, there are enzymatic and non-enzymatic
antioxidants. Especially, the key antioxidant players
in this antioxidant defense system include
superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GSH-Px) and reduced
glutathione (GSH). In a healthy body, ROS and
antioxidants remain in balance. When the balance is
disrupted towards an overabundance of ROS, OS

MATERIALS AND METHODS
Study area and sampling. The levels of MDA,
NO, SOD, CAT, GSH-Px and GSH were measured
in samples of the hepatopancreas, gill, muscle (in
abdomen) and gonad tissues of male and female
FUD\ILVK WKH FROOHFWHG IURP $\GÕQFÕN (38° 491 35
8711N-39° 111 59 0911E-Figure 1) in the Keban Dam
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Lake between 15 and 20 of every month (July (Jy),
August (Ag), September (Se), October (Oc),
November (No), December (De), January (Ja),
February (Fe), March (Ma), April (Ap), May (My),
June (Jn)), in Jy 2009-Jn 2010 year. Captured
crayfish were placed in plastic bags and transported
to the laboratory in freezer bags with ice. The mean
weight and carapace length of male (22.16-23.90 g,
45.65-45.99 mm) and female (21.90-23.59 g, 45.1645.92 mm) crayfish was recorded monthly, and the
weight and carapace length of crayfish were not
statistically different. Water temperature, dissolved
oxygen and pH values were montly measured.

CAT activity assay: The tissue CAT activity
was measured according to Aebi [23]. The principle
of the assay is based on the determination of the rate
constant, k (dimension: s-1, k) of H2O2 decomposition. The reaction contained 50 mM potassium
phosphate buffer (50 mM, pH 7.0; prepared by
mixing 1.335 g of Na2HPO4.2H2O in 150 mL and
0.681 g of KH2PO4 in 100 mL) and 10 mM H2O2 (as
substrate) reaction was started by the addition of the
sample. The decrease in H2O2 was assessed by
measuring the absorbance at 240 nm over a period of
30 s with a spectrophotometer. This activity was
expressed as k (rate constant) mL-1.

Sample preparation and biochemical assays.
The hepatopancreas, muscle, gills and gonad tissues
of 10 female and 10 male crayfish in every month for
analysis were washed in ice-cold physiological
saline, and stored at -80 °C until the biochemical
assays, which were performed within 15 day after
extraction. These tissue were homogenised in a
glass-glass homogenizer in buffer containing 1.15%
KCl at 1:10 ratio (weight/volume) ratio to the whole
homogenate. The homogenate was centrifuged at
18.000 g and +4 °C for 30 min before analysis.

GSH-Px activity assay: The level of GSH-Px
was determined using the procedure described by
Beutler [24], which records the disappearance of
NADPH through its absorbance at 340 nm. The
procedure of analysis performed was based on the
oxidation of GSH by GSH-Px coupled with the
disappearance of NADPH by glutathione reductase
measured at 37°C. The absorbance at 340 nm was
placed on record over a period of 5 min. The activity
was then calculated from the slope of the lines as μM
of NADPH oxidized per minute. The GSH-Px
activity was provided as U mL-1.

MDA level assay: The level of MDA as a
marker of lipid peroxidation was measured
according to the method of Ohkawa et al.[20], on the
basis of the reaction with thiobarbituric acid (TBA).
The formed MDA created a pink complex with TBA
and the absorbance was read at 532 nm. The MDA
level of tissues was expressed as nmol g-1 tissue.

GSH level assay: Glutathione concentration
was determined by a kinetic assay using a
dithionitrobenzoic acid (DTNB) recycling method
described by Ellman [25] and were expressed as
μmol mL-1. One millilitre of the sample was
deproteinated by the addition of a solution
containing 0.2 g of Na2EDTA, 1.67 g of
metaphosphoric acid and 30 g of NaCl in distilled
water. DTNB and Na2HPO4 were added to the
supernatants and cleared by centrifugation (10 min,
3000 g/min). The GSH level was measured based on
its reaction with DTNB to yield a yellow
chromophore,
which
was
measured
spectrophotometrically at 412 nm.

NO level assay: The NO activity was measured
using the method described by Lyall, Young and
Greer [21] method. Samples were initially
deproteinized with NaOH and ZnSO4. Total nitrite
(NO2+NO3) was determined by spectrophotometer
at 545 nm after conversion of NO2 to NO3 by assay
reactive. A standard curve was established by a set
of serial dilutions of sodium nitrite. The results are
provided DVȝPROg-1 tissue.

Statistical procedures. The results were
expressed statistically by calculating the standard
error of the mean (mean± SE). The data were
SHUIRUPHG ZLWK 'XQFDQ¶V WHVW DQG LQGHSHQGHQWsample t-test, in SPSS 12 Brief Guide, Chicago, IL.
and correlation and two examples assuming equal
variances in excel. The level of significance was set
at P < 0.05.

SOD activity assay: The SOD activity was
based on the principle that xanthine reacts with
xanthineoxidase to generate superoxide radicals that
react with nitroblue tetrazolium to form a coloured
formazan dye (the Sun [22] ). To analyse the SOD
activity, 600 μL of the SOD reaction mixture
containing 0.1 mM EDTA, 0.1 mM xanthine, 25
μmol L-1 of nitroblue tetrazolium and 50 mg of
bovine serum albumin was added to 125 μL of the
supernatant. Then, 25 μL of 9.9 nM xanthine oxidase
solution was added to each tube. The amount of
formazan found by measuring the absorbance at 560
nm using a spectrophotometer. The results of SOD
activity are provided as U mL-1.

RESULTS AND DISCUSSION
In this study, because evaluations of
biochemical analysis is associated with moulting,
mating and breeding, these periods were especially
recorded. We found that the first moult of male and
female was at 20.07±0.15°C in Oc and at
23.35±0.23°C in Se, respectivelly, and the second
3039
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TABLE 1
Physico-chemical characteristics of water.
Month

Physico-chemical parameters
T
O
pH
Jy
27.2±0.33
6.78±0.54
8.38±0.05
Ag
27.86±0.15
6.12±0.54
8.36±0.04
Se
23.35±0.23
6.84±0.47
8.30±0.04
Oc
20.07±0.14
7.34±0.43
8.35±0.06
No
16.1±0.60
8.06±0.71
8.24±0.02
De
10.3±0.21
8.18±0.51
8.17±0.06
Note: T; temperature, O; oxygene

Month

Physico-chemical parameters
T
O
pH
8.02±0.63
8.31±0.24
7.95±0.06
6.58±0.89
8.36±0.23
7.90±0.03
9.98±0.70
8.3±0.30
7.94±0.05
12.3±0.67
7.98±0.40
8.05±0.06
15.8±0.83
7.76±0.32
8.12±0.11
21.6±1.14
7.14±0.13
8.42±0.04

Ja
Fe
Ma
Ap
May
Jn

TABLE 2A
Monthly mean concentrations of malondialdehyde (MDA) (nmol g-1 tissue).
Months

+ƃ

+Ƃ

P1

0ƃ

0Ƃ

P2

/ƃ

/Ƃ

P3

*ƃ

*Ƃ

P4

P5

P6

Jy

4.03±0.26
Ab/x
4.14±0.29
a/x
3.23±0.27
Bc/x
4.84±0.41
a/x
2.28±0.32
de/x
4.14±0.52
a/x
2.61±0.20
cd/x
0.89±0.03
f/x
1.65±0.12
ef/x
2.08±0.08
de/x
2.01±0.05
de/x
1.53±0.08
ef/x
***

3.02±0.19
c/k
3.42±0.19
c/k
5.14±0.57
a/k
4.20±0.33
b/k
2.67±0.28
cd/k
3.10±0.27
c/k
1.99±0.05
de/k
1.36±0.15
ef/k
1.19±0.10
ef/k
1.15±0.06
ef/k
1.15±0.09
ef/k
1.13±0.04
f/k
***

**

1.59±0.13
a/y
0.47±0.08
bc/y
0.33±0.04
bcde/y
0.31±0.02
cde/y
0.23±0.01
de/y
0.27±0.02
de/y
0.33±0.03
bcde/y
0.31±0.05
bcde/z
0.20±0.05
e/z
0.50±0.06
bz
0.50±0.04
b/z
0.42±0.01
bcd/y
***

1.17±0.10
a/l
0.34±0.03
b/l
0.34±0.04
b/l
0.36±0.07
b/l
0.31±0.03
b/l
0.27±0.02
b/m
0.32±0.04
b/m
0.24±0.03
b/m
0.29±0.02
b/m
0.29±0.02
b/m
0.25±0.02
b/n
0.35±0.02
b/m
***

*

0.46±0.07
bc/z
0.26±0.02
de/y
0.17±0.01
e/y
0.17±0.01
e/y
0.28±0.02
de/y
0.50±0.06
b/y
0.49±0.04
b/y
0.36±0.02
cd/z
0.72±0.08
a/y
0.77±0.04
a/y
0.72±0.03
a/y
0.49±0.03
b/y
***

0.30±0.04
bc/m
0.21±0.02
c/l
0.29±0.03
bc/l
0.36±0.05
ab/l
0.38±0.02
ab/l
0.42±0.04
a/l
0.42±0.03
a/m
0.42±0.08
a/m
0.39±0.03
ab/mn
0.32±0.03
ab/m
0.36±0.02
ab/mn
0.33±0.02
ab/m
***

-

0.52± 0.03
bcd/z
0.63±0.04
b/y
0.55±0.02
bc/y
0.41±0.03
de/y
0.49±0.04
cd/y
1.04±0.03
a/y
0.40±0.05
de/y
0.62±0.07
b/yy
0.33±0.03
ef/z
0.30±0.02
ef/t
0.28±0.01
ef/t
0.22±0.02
f/z
***

0.44±0.04
de/m
0.42±0.03
de/l
0.35±0.03
e/l
0.93±0.03
a/m
0.50±0.08
d/l
0.76±0.05
b/l
0.70±0.03
b/l
0.64±0.05
bc/l
0.53±0.04
cd/l
0.46±0.04
de/l
0.47±0.02
de/l
0.48±0.03
de/l
***

-

***

***

**

***

***

**

***

***

***

***

***

-

***

***

Ag
Se
Oc
No
De
Ja
Fe
Ma
Ap
My
Jn
P0

**
**
**
*
**
**
**

**
**
**
*

**
**
**
**
***
***
**

***

***

***

***

***

***

-

***

***

**

***

***

*

***

***

***

***

***

***

***

***

TABLE 2B
0RQWKO\PHDQFRQFHQWUDWLRQVRIQLWULFR[LGH 12  ȝPROJ-1 tissue).
Months

+ƃ

+Ƃ

P1

0ƃ

0Ƃ

P2

/ƃ

/Ƃ

P3

*ƃ

*Ƃ

P4

P5

P6

Jy

44.34±3.25
a/x

34.22±2.60
e/m

***

30.33±0.56
ef/z

37.97±1.78
abc/l

***

46.02±1.84
ab/x

40.40±1.35
b/k

***

36.52±2.61
ab/y

34.77±1.09
e/m

-

***

***

Ag

37.64±5.18
bcd/y

42.58±5.16
ab/k

*

29.60±2.19
f/z

38.19±2.21
ab/l

***

47.02±3.89
ab/x

44.94±2.11
a/k

-

35.26±1.36
bc/y

35.55±1.68
e/l

-

***

***

Se

45.74±5.77
a/x

39.81±2.98
bc/l

*

34.40±1.08
cd/y

38.16±1.61
ab/lm

***

47.70±3.59
a/x

45.19±1.59
a/k

-

35.99±1.90
abc/y

37.02±2.22
cde/m

-

***

***

Oc

35.03±2.34
d/y

45.09±4.30
a/k

***

33.06±1.42
cd/y

33.56±1.31
e/l

-

46.47±2.10
ab/x

45.19±1.73
a/k

-

33.72±1.42
c/y

43.46±2.29
a/k

***

***

***

No

37.62±2.32
bcd/y

35.81±2.00
de/m

-

33.99±3.21
cd/z

35.13±2.55
de/m

-

47.06±2.05
ab/x

44.31±2.01
a/k

*

35.89±2.58
abc/yz

38.64±1.83
bc/l

-

***

***

De

39.84±2.57
bc/y

39.13±3.62
bcd/lm

-

32.05±1.85
de/t

36.56±2.48
bcd/m

**

47.36±1.20
ab/x

44.73±1.98
a/k

**

36.21±1.45
abc/z

40.33±2.58
b/l

**

***

***

Ja

36.56±3.08
bcd/y

37.13±2.62
cde/l

-

35.16±2.26
bc/y

38.42±2.17
ab/l

*

44.40±1.65
bc/x

46.03±0.92
a/k

*

34.32±2.12
bc/y

38.14±2.65
bcd/l

*

***

***

Fe

35.53±1.82
cd/y

37.38±2.08
cde/l

-

38.63±1.91
a/x

39.97±1.71
a/k

-

35.83±1.02
d/y

36.96±0.95
c/l

-

38.28±1.06
a/x

37.01±1.42
cde/l

-

**

**

Ma

36.99±2.65
bcd/x

36.02±1.50
de/k

-

34.74±0.91
c/x

38.28±2.43
ab/k

**

35.10±0.95
d/x

35.96±1.24
cd/k

-

36.14±1.37
abc/x

36.27±1.51
cde/k

-

-

-

Ap

40.52±3.13
b/y

33.84±3.24
e/k

*

37.23±3.11
ab/z

35.60±1.63
cde/k

-

47.40±1.83
ab/x

34.99±2.20
cd/k

***

33.84±2.89
c/t

35.94±1.67
de/k

-

***

-

My

38.81±3.59
bcd/y

35.85±1.99
de/k

-

33.81±2.87
cd/z

34.90±2.57
de/k

-

46.82±2.02
ab/x

33.90±2.50
d/k

***

31.06±2.00
d/z

36.91±2.17
cde/k

***

***

-

Jn

39.45±1.57
bc/y

36.81±2.32
cde/k

*

35.37±1.68
bc/z

37.03±1.88
bcd/k

-

42.06±3.83
c/x

35.33±1.98
cd/k

**

34.56±1.58
b/z

35.97±1.60
de/k

-

***

-

P0

***

***

***

***

***

***

***

***
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TABLE 2C
Monthly mean concentrations of superoxide dismütase (SOD) (U mL-1).
Months
Jy
Ag
Se
Oc
No
De
Ja
Fe
Ma
Ap
My
Jn
P0

+ƃ

+Ƃ

P1

0ƃ

0Ƃ

P2

/ƃ

/Ƃ

P3

*ƃ

*Ƃ

P4

P5

P6

2.37±0.11
a/x
2.60±0.10
a/x
1.63±0.09
cd/y
1.83±0.07
bc/x
1.54±0.10
cd/y
1.67±0.11
cd/x
2.33±0.12
a/x
0.53±0.14
g/z
1.39±0.08
de/y
1.12±0.08
ef/z
1.04±0.04
f/z
2.01±0.12
b/xy
***

2.40±0.12
ab/k
2.27±0.14
abc/k
1.53±0.11
d/k
1.68±0.14
d/k
1.88±0.14
cd/l
2.28±0.13
abc/k
2.51±0.16
a/k
1.98±0.31
bcd/1.67±0.13
d/1.79±0.12
cd/1.84±0.11
cd/2.30±0.14
abc/***

-

0.95±0.12
de/z
1.68±0.12
b/y
0.79±0.08
e/z
1.17±0.07
de/y
1.59±0.13
bc/y
1.26±0.09
cd/y
1.72±0.12
b/y
1.71±0.11
b/y
2.19±0.20
a/x
2.25±0.19
a/xy
2.30±0.15
a/x
2.40±0.22
a/x
***

1.45±0.13
bc/lm
1.22±0.06
bcd/m
0.71±0.11
e/l
0.88±0.06
de/l
1.50±0.13
b/l
1.29±0.07
bcd/m
1.00±0.07
cde/m
1.68±0.17
b/2.43±0.28
a/2.39±0.24
a/2.36±0.26
a/2.48±0.11
a/***

*

1.05±0.15
bc/z
1.15±0.17
b/z
0.37±0.13
d/t
0.32±0.02
d/z
0.55±0.10
cd/z
1.48±0.08
b/xy
0.95±0.11
bc/z
2.51±0.19
a/x
2.26±0.33
a/x
2.32±0.26
a/x
2.42±0.18
a/x
2.47±0.20
a/x
***

1.25±0.13
c/m
1.23±0.08
c/m
0.57±0.06
d/l
1.63±0.17
bc/k
1.62±0.02
bc/l
1.74±0.10
b/l
1.84±0.12
b/l
2.07±0.10
b/1.86±0.28
b/1.99±0.25
b/2.05±0.19
b/2.57±0.20
a/***

-

1.71±0.17
b/y
1.90±0.08
b/y
2.88±0.08
a/x
1.87±0.05
b/x
2.55±0.09
a/x
1.68±0.07
b/x
1.62±0.10
b/y
1.90±0.25
b/y
1.76±0.07
b/xy
1.73±0.09
b/y
1.73±0.07
b/y
1.78±0.08
b/y
***

1.72±0.15
bc/l
1.68±0.09
bc/l
1.87±0.18
b/k
1.39±0.07
c/k
2.38±0.21
a/k
1.97±0.05
ab/l
1.93±0.10
ab/l
1.83±0.05
bc/2.07±0.23
ab/2.12±0.13
ab/2.17±0.12
ab/2.14±0.16
ab/**

-

***

***

***
**
***
-

**
*
**
-

***
***
***
-

-

***

***

***

***

***

***

***

***

-

***

**

**

*

***

-

***

***

-

***

-

-

**

-

-

***

-

*

***

-

-

*

-

TABLE 2D
Monthly mean concentrations of catalase (CAT) (k mg-1).
Sex
ƃ
Ƃ
P4

Months
Jn

Jy

Ag

Se

Oc

No

De

Fe

Ma

Ap

My

Jn

0.004±
0.0004f
0.023±
0.005c

0.061±
0.007cd
0.019±
0.002cd

0.090±
0.009b
0.037±
0.005b

0.060±
0.005cd
0.013±
0.001cd

0.022±
0.002ef
0.014±
0.001cd

0.006±
0.001ef
0.036±
0.005b

0.007±
0.001ef
0.053±
0.006a

0.005±
0.001ef
0.024±
0.002c

0.024±
0.002e
0.010±
0.001d

0.044±
0.009d
0.016±
0.001cd

0.076±
0.003bc
0.019±
0.001cd

0.111±
0.003a
0.021±
0.001cd

*

***

***

***

*

***

***

***

***

***

***

***

P0
***
***

TABLE 2E
Monthly mean concentrations of glutation peroxidase (GSH-Px) (U mL-1).
Month
s
Jy
Ag
Se
Oc
No
De
Ja
Fe
Ma
Ap
May
Jn
P0

+ƃ

+Ƃ

P1

0ƃ

0Ƃ

P2

/ƃ

/Ƃ

P3

*ƃ

*Ƃ

P4

P5

P6

0.16±0.00
5
b/x
0.14±0.00
6
bc/x
0.14±0.00
3
bc/x
0.20±0.00
9
a/x
0.13±0.00
5
bc/x
0.14±0.00
5
bc/x
0.08±0.00
5
d/y
0.08±0.00
4
d/0.08±0.00
6
d/0.14±0.00
6
bc/x
0.15±0.00
5
bc/x
0.14±0.00
4
bc/x

0.18±0.00
9
cde/k
0.19±0.00
8
bc/k
0.24±0.00
5
a/k
0.17±0.00
5
def/k
0.18±0.00
5
cde/k
0.21±0.02
0
b/k
0.16±0.00
3
ef/k
0.17±0.00
3
cdef/k
0.17±0.00
4
cdef/k
0.19±0.00
7
bcd/k
0.15±0.00
5
f/l
0.19±0.00
4
bc/k

-

0.13±0.00
6
a/y
0.09±0.00
6
d/y
0.08±0.00
7
d/y
0.08±0.00
5
d/z
0.08±0.00
5
d/y
0.08±0.00
6
d/y
0.06±0.00
3
e/z
0.09±0.00
5
cd/0.09±0.00
3
cd/0.11±0.00
5
bc/y
0.11±0.00
6
b/y
0.11±0.00
3
b/y

0.14±0.00
8
a/l
0.11±0.00
7
bc/l
0.09±0.00
5
cd/m
0.09±0.00
3
cd/m
0.08±0.00
5
d/m
0.10±0.00
8
bcd/l
0.10±0.00
5
bc/m
0.09±0.00
6
cd/m
0.09±0.00
9
cd/l
0.09±0.00
7
cd/l
0.09±0.00
5
cd/m
0.12±0.00
4
b/l

-

0.13±0.00
7
cd/y
0.13±0.00
9
cd/x
0.09±0.00
5
f/y
0.17±0.00
6
a/y
0.14±0.00
5
bc/x
0.16±0.00
5
ab/x
0.10±0.00
5
ef/x
0.09±0.00
4
f/0.10±0.00
7
ef/0.14±0.00
4
bc/x
0.12±0.00
6
de/y
0.15±0.00
5
bc/x

0.11±0.00
5
e/m
0.10±0.00
3
e/l
0.16±0.00
6
c/l
0.13±0.00
5
d/l
0.13±0.00
6
d/l
0.19±0.00
7
ab/k
0.16±0.00
7
c/k
0.13±0.00
5
d/l
0.18±0.00
4
bc/k
0.18±0.00
5
abc/k
0.17±0.00
4
c/k
0.20±0.00
6
a/k

-

0.05±0.00
5
bcde/z
0.06±0.00
4
bcd/y
0.04±0.00
5
de/z
0.05±0.00
4
bcde/t
0.07±0.00
5
bc/y
0.09±0.00
8
a/y
0.09±0.00
5
a/xy
0.09±0.00
4
a/0.07±0.00
8
b/0.04±0.00
7
e/z
0.04±0.00
3
de/z
0.05±0.00
2
cde/z

0.05±0.00
4
c/n
0.09±0.00
7
b/l
0.10±0.00
7
b/m
0.14±0.00
4
a/l
0.09±0.00
2
b/m
0.09±0.00
1
b/l
0.14±0.00
4
a/l
0.10±0.00
7
b/m
0.09±0.00
6
b/l
0.10±0.00
5
b/l
0.10±0.01
0
b/m
0.10±0.00
9
b/m

-

**
*

**
*

*

**
*

**
*

**
*

**
*

**
*

**
*

**
*

**
*

*

**
*

**
*

-

**
*

**
*

**
*

**
*

**
*

-

-

**
*

-

-

**
*

**
*

**
*

**
*

**
*

**
*

**
*

**

**
*

**
*

***

***

***

***

***

***

***

**

**
*
**

**
*
*

**
*
**
*
**
*
**

-

**
*

-

-

-

-

-

**
*
-

-

-

*

-

***
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TABLE 2F
Monthly mean concentrations of reduced glutathione (GSH) (μmol mL-1)
.
Months
Jy
Ag
Se
Oc
No
De
Ja
Fe
Ma
Ap
May
Jn
p0

+ƃ

+Ƃ

P1

0ƃ

0Ƃ

P2

/ƃ

/Ƃ

P3

*ƃ

*Ƃ

P4

P5

P6

4.27±0.11
d/y
4.62±0.19
cd/yz
4.33±0.10
d/xy
3.18±0.18
e/x
4.66±0.17
cd/x
5.35±0.61
bc/x
7.63±0.68
a/x
6.26±0.31
b/x
5.80±0.35
b/y
4.29±0.18
d/y
4.56±0.22
cd/y
4.16±0.05
d/x
***

4.78±0.23
bc/k
4.75±0.43
bc/k
4.17±0.20
c/k
5.92±0.47
a/k
5.67±0.46
ab/k
6.02±0.27
a/k
5.61±0.32
ab/k
6.49±0.30
a/k
6.04±0.22
a/k
6.21±0.14
a/k
6.04±0.31
a/k
6.14±0.12
a/k
***

-

5.25±0.20
b/x
5.93±0.06
a/x
4.91±0.34
bc/x
4.72±0.16
bc/y
4.51±0.13
cd/x
5.18±0.28
b/x
4.76±0.07
bc/y
2.55±0.13
e/y
2.75±0.18
e/z
2.64±0.13
e/z
2.88±0.06
e/z
4.03±0.20
d/x
***

1.96±0.13
d/m
4.64±0.27
a/k
4.42±0.22
ab/k
4.53±0.17
ab/l
4.58±0.14
ab/l
4.56±0.19
ab/l
2.64±0.25
c/m
4.03±0.16
ab/m
3.92±0.23
ab/l
3.80±0.29
b/l
3.84±0.33
b/l
3.84±0.30
b/l
***

***

4.12±0.13
d/y
4.10±0.08
d/z
4.19±0.07
d/y
4.40±0.20
cd/y
5.08±0.29
c/x
4.57±0.07
cd/xy
4.85±0.18
cd/y
5.89±0,32
b/x
6.77±0.27
a/x
4.64±0.30
cd/y
4.59±0.32
cd/y
6.42±0.28
ab/y
***

4.00±0.05
d/l
4.29±0.06
cd/k
4.38±0.13
bcd/k
4.40±0.18
bcd/l
4.97±0.28
b/kl
4.44±0.08
bcd/l
4.76±0.14
bc/l
6.17±0.12
a/kl
5.75±0.28
a/k
6.08±0.21
a/k
6.15±0.25
a/k
6.29±0.21
a/k
***

-

4.90±0.25
cd/x
5.11±0.34
bcd/y
4.80±0.20
cd/x
4.78±0.25
cd/y
4.53±0.29
d/x
3.55±0.23
e/y
5.22±0.10
bcd/y
5.52±0.23
abc/x
6.18±0.11
a/xy
5.64±0.20
ab/x
6.03±0.09
a/x
6.53±0.16
a/y
***

3.80±0.04
d/l
3.94±0.18
cd/k
4.30±0.03
cd/k
4.02±0.08
cd/l
4.53±0.10
c/l
4.08±0.05
cd/l
4.26±0.14
cd/l
5.60±0.17
b/l
5.65±0.33
b/k
6.26±0.27
a/k
6.29±0.25
a/k
6.38±0.33
a/k
***

**

**

***

*

**

-

-

*

-

*

***

***

-

-

*

***
*
***
**
***

**
***
***
**
**
*
-

*
**
**
-

-

**

***

*

***

***

-

***

***

-

***

***

-

***

***

-

***

***

-

***

***

Note: H; hepatopancreas, M; muscle, L; gills, G; gonad. Istatistically comparation: PO=a, b, c, d, e, f for Jy, Ag,
6H2F1R'H-D)H0D$S0\-QRI+0/* 'XQFDQ¶VWHVW 3 IRU+Ƃ-+ƃ ,QGHSHQGHQW-sample tWHVW 3 0ƃ-0Ƃ ,QGHSHQGHQW-sample t-WHVW 3 /Ƃ-/ƃ ,QGHSHQGHQW-sample t-WHVW 3 *ƃ-*Ƃ
(Independent-sample t-WHVW 3 [\]WIRU+ƃ-0ƃ-/ƃ-*ƃ 'XQFDQ¶VWHVW 3 NOPQIRU+Ƃ-0Ƃ-/Ƃ*Ƃ 'XQFDQ¶VWHVW Values are mean ± SEM; values in the same column with different superscript letters are
significantly different. -=p>0.05, * =p<0.05,
S
S,WZDVQ¶WXVHGGHWHUPLQHULQFRPSDULVRQ
of P1, P2, P3, P4 .

This may be due to the start of the preparation
moulting. Moulting influences all aspects of
crustacean biology (cellular metabolism, physiology
and behaviour). Metabolism is elevated because
organic reserves such as mineral deposits, glucose,
Į-chitin-protein,
gastrolith
matrix
protein,
glycoprotein and ecdysteroids in tissues (especially
hepatopancreas) and hemolymph are conversion and
release [26,27]. Aiken and Waddy [26] reported that
tissue metabolism can elevate oxygen consumption
by as much as 1900% during premoult. We found
that the level of MDA in hepatopancreas was
statistically highest in female in Se and in male in Oc
according to the all months. Additionally, the MDA
levels in male were higher in hepatopancreas, muscle
and especially gills betwen Ma and My, the second
moulting period of male, according to the previous
month. Yudkovski et al.[28] determined that during
late premoult stage occured up-regulation of genes
and three additional gene changes effecting
oxidative stress in gastrolith disc. This increase in
MDA levels could be related to direct damage to
biological molecules and tissues of excessive free
radical generation due to an increase of the
physiological activity caused primarily by the
varying metabolic activity during moulting because
those described above.
The balance between the production and
accumulation of ROS during moulting of decapod
crustaceans is affected by ecdysteroids in the
endocrine control. Ghanawi and Saoud [27] reported

moult of male was at 12.3±0.67-15.8±0.83°C
between Ap and My. In these months according to
the previous month, we observed bigger gastroliths
and shell were soft. Additionally, it was observed
that mating occured in De at 10.3±0.21°C and egg
laying begins in early Ja in 8.02±0.63°C. Eggs were
opened in the second week of Jn at 21.6±1.14°C.
Monthly variations of temperature, oxygen
DQGS+OHYHOVRI$\GÕQFÕNLQ.HEDQ'DP/DNHDUH
summarized in Table 1.
The all parameters obtained from the study
was statistically evaluated according to monthly
tissues and gender. The dates of the MDA (Table
2A), NO (Table 2B), SOD (Table 2C), CAT (Table
2D), GSH-Px (Table 2E) and GSH (Table 2F)
levels are showed in Table 2.
The results obtained in our study reveal that
monthly changes in antioxidant defence and OS
levels of crayfish were generally higher in the
hepatopancreas compared with muscle, gills and
gonad. These findings are in agreement with a
previous observation [1, 2]. It is known that
crustacea hepatopancreas, the main digestive gland,
contains fat-soluble vitamins, regulates the
metabolism of the body and exhibits high oxygen
consumption [8, 9]. Thus, the generation of O2Ø and
H2O2 can be comparatively more in this organ than
other organs.
The results of our study illustrated that MDA
level increased significantly in hepatopancreas,
muscle and gills of crayfish in Jy according to Jn.
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content because of higher energetic investment of
crayfish for gametogenesis. Moreover, because
gonadal development in A. leptodactylus and moult
occur concurrently, metabolic activity can be higher
in these months.
In researchs have been shown that OS plays a
role in multiple physiological processes from oocyte
maturation to fertilization and embryo development.
Especially, in the initial stages of oogenesis
increases the number of cell in mitochondria, and
with metabolism and incomplete reduction of
oxygen during cell respiration, more O2*- is
unavoidably synthesized from the liberation of
electrons [34]. In many studies were determined that
level of OS increases during reproduction Palacious
et al.[35], Wilhelm Filho et al.[17], Barim Oz and
<ÕOPD]>@. It was reported that highly unsaturated
fatty acids are particularly susceptible to attack by
reactive oxygen radicals, and uncontrolled damage
to membrane fatty acids and the accumulation of
their oxidized breakdown products can have
deleterious consequences for cell function [3,37]. In
our study was determined that the MDA level in
gonad was high in female in De and Ja in male in De
according to all months. The main cause for increase
of MDA level in gonad may be the inability of the
antioxidant mechanism as the results of excessive
production of O2*-generation because of the
accumulation of lipids and protein [36,38].
Moreover, interestingly, the MDA level in gonad of
female was highest in Oc compared with all months.
In immunocytochemical identifications of Lee and
Chang [31] was found that the amount of the
incorporated vitellogenin was high in the
vitellogenin stage (stage III-V) according to the early
stage (stage I-II) of ovarian development in M.
rosenbergi. For this reason, the rise in MDA can be
associated to peroxidation increasing because
maximal gamet formation with high in precursor
protein of egg yolk.
The NO signaling pathway may be related in
regulating moulting in the crustacean [5]. It was
reported that the activation of MIH can be effect by
NOS [5,39]. Additionally, NOS may regulate
steroidogenesis and/or gametogenesis because
crustacean ovary accumulates ecdysteroid. In our
study was determined that NO level in
hepatopancreas, muscle and gills changed during
moulting period according to the previous and next
month. Moreover, the NO levels in gonad of female
was higher in Oc and reproduction period (De and
Ja) according to other months. In studies was found
that nitrite produced as an oxidative metabolite of
NO on aquatic organisms is damaging to
mitochondria in liver cells and causes a shortage of
O2 [40]. The effect of stress on the NO in the crayfish
was obtained by Barim et al.[18], Barim and Erisir
[41], who determined that stress occurred with
pollution, reproduction and starvation changed NO
levels. The study to compare the effect on NO of

that ecdysteroids synthesized by the Y-organ and
under negative regulatory control of moultinhibiting hormone (MIH) are primarily involved in
regulating the moulting process (ecdysis) of
crustaceans. It has been emphasized that in level of
ecdysteroid occurs also the increases or decreases in
periods of moulting. Ecdysteroid responsive moultrelated genes. Some of these ecdysteroid-responsive
genes, particularly in the hepatopancreas, revealed
differentially expressed genes encoding metabolic
and transport enzymes. Epidemiological studies
proved genetic variation in the endogenous and
exogenous antioxidant defense systems may affect
enzymatic antioxidant activity. It was determined
that the damages of the mitochondrial membranes
and protein structure occurred with effect of
variation in the genes coding antioxidant enzymes
formed by changes in level of ecdysteroid can, at its
turn, enhance ROS [29,30]. In our study, remarkable
increases and decreases in levels of oxidant and
antioxidants in the tissues during moulting period
was determined. For example, the MDA level of
muscle and gills in the fist moulting period of male
was very low, but it significantly increased in the
second moulting period. Moreover, the NO level in
hepatopancreas was higher months before and after
the month of moulting. These fluctiations in levels
of analysed parameters can most likely be ascribed
to fail in manage and prevent of ROS species in the
mitochondria with to be broken of exposure level of
enzymes to target cells because of changes in level
of ecdysteroid [27,29,30].
In the present study was determined that the
MDA level in hepatopancreas of crayfish increased
significantly in De according to the previous and
next month, and this level was also high in the gills
at De. Additionally, the MDA level in
hepatopancreas of crayfish was higher betwen Jy and
De according to betwen Ja and Jn. This ideas were
corroborated by the observations of Verlecar et
al.[1], who an increased level of lipid peroxidation
determined in digestive gland of P. viridis during
breeding season. This was also noticed for P. perna
[17]. Immunocytochemical identifications showed
that vitellogenin is synthesized in hepatopancreas
[31] under the control of estradiol produced by the
follicle cells in the ovaries [6,32]. RodriguezGonzalez et al.[33] found continuous transfer of
nutrients from the hepatopancreas to the gonad for
activating and sustaining gametogenesis of C.
destructor. These dates indicate that high MDA in
hepatopancreas may be due to the increase of free
radicals during the transfer of energy from the
hepatopancreas and gills to the gonads during gamet
formation, and MDA increases in the gills can most
likely be ascribed to excessive ROS production
because the gills are the respiratory organs and
exposed to ambient oxygen. The marked reduction
of MDA in hepatopancreas after De may also be
associated with the decrease in hepatopancreas lipid
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likely responses to an increased utilization of GSH.
Furthermore, severe oxidative stress may suppress
GSH levels due to the impairment of moulting and
reproduction mechanisms in A. leptodactylus
[18,19,38]. We found that the GSH activity of
female increased all tissues among Fe and Jn. The
sharp increase of GSH may be related to the
prevention of oxidative challenge during moulting in
this tissue. Earlier findings also suggest that the
presence of high GSH level is associated with the
attenuation of oxidative stres [37].
There have been not many comparative studies
about gender-effect on biochemical parameters in
invertebrate, particularly in astacidaes. In studies
have found that seasonal variation in antioxidant
defence and OS parameters are gender specific
[2,13,16]. It was found for G. roeseli [16] and S.
serrata [2] that MDA levels were higher in male
than female. Maazouzi et al.[43] determined that
the level of polyunsaturated fatty acids in D.
villosus among crustacean amphipods was higher in
male than female. The results of the present study
indicate that the MDA level in hepatopancreas
increased in all months except Se in male than
female. Especillay, the high level of polyunsaturated
fatty acids in male may increase steeply the level of
the LPO in the tissues [3,37].
In this study, the level of MDA was lower in
gills and higher in gonad (except Oc) in male than
female during the first moult of male and female. It
is known that gametogenesis of crayfish occurs in
the period of the first moult of the male and female
[27]. For this reason, the increase of MDA level in
gonad of male may be due to insufficient in their
antioxidant defence levels than female because of
increase the rate of ROS formation due to increased
metabolic rates during breeding and moulting. In our
study, MDA level was higher in muscle and gills
and lower in gonad in male than female during the
second moult of male. Warrier et al.[44] determined
to be the highest the estradiol in hepatopancreas and
the progesterone in the ovary and the estradiol and
progesterone hormons increases in the tissues with
the onset of vitellogenesis in female. Therefore, it is
possible that higher in oxidative stress in gonad of
female crayfish may be due to difference in their
hormonal profile than male. Additionally, it can be
also explained with excessive ROS production
during the increase of female ventilator activity to
ventilate the eggs because eggs are attached on the
pleopods of crayfish [19,36,45]
This study represents in the first
comprehensive report of oxidative stress and
antioxidant defence system in A. leptodactylus. Our
study shows the importance of monthly changes on
the determined parameters in specific tissues of A.
leptodactylus and emphasises the necessary to take
account of this for the interpretation of
environmental monitoring data because crayfish can
be used as biomarker. Moreover, the addressed

moulting and reproduction was not found. the
variations in NO activity can be correlated with
damage to mitochondria in cells of nitrite produced
as an oxidative metabolite of NO on aquatic
organism, and it can also be associated with
regulating diverse functions that including MIH
signaling in the Y-organ.
In the present study, the SOD activity in
hepatopancreas was higher in Jn, Jy and Ag
according to other months except Ja. Furthermore,
this level in gonad of female was higher betwen No
and Jn according to other months. Increased SOD
level during high temperature, gonadal development
and breeding period has also been determined in P.
perna by Wilhelm Filho et al.[17], in P. viridis by
Verlecar et al.[1] and in S. glanis by Bayir et al.[8].
The increase of SOD may be associated to neutralise
the overproduction of O2Ø anions and H2O2 due to
peroxidation. However, the activity of SOD was
generally higher in muscle and gills in between Ma
and Jn according to other months. It may indicates
an increasing need to destroy O2- in tissues during
metabolic activity [30].
The present study illustrates that GSH-Px
activity in crayfish was higher in hepatopancreas,
and gills in moulting and mating months according
to previous months. This observation is in good
agremeent with an earlier report [1,17,37,38] which
the production of O2Ø radicals increase during
metabolic activities. It was reported that H2O2 is
neutralized by two different enzymes present in the
cellular system, they are GSH-Px and CAT. Each
differs in its affinity for H2O2, and intracellular H2O2
concentration is one of the factors in deciding which
of these enzymes will be functional since each has a
different Km value [42]. Thus the decrease of H2O2
activity may be cause the CAT in hepatoancreas,
muscle and gills ZDVQ¶W GHWHUPLQHG +RZHYHU the
CAT level in gonad of females increased both in
moulting (Se) and reproduction (De, Ja) periods in
female and in only moulting period (Se) in male, As
paralel of our study, Nahrgang et al.[14] also
determined that in M. edulis, during gonadal
development and spawning season, the level of CAT
and GSH-Px was higher those found in the rest of the
year. MoreRYHU%DULP2]DQG<ÕOPD]>@ was also
determined that CAT level in gonad of A.
leptodactylus increased during moulting period. As
mentioned earlier, high level of CAT and GSH-Px
might not be sufficient to reduce OS in reproduction
period as evidenced by high level of MDA.
Our study found that the GSH activity in
hepatopancreas, gills was generally lower during
moulting periods according to other months.
Additionally, this activity decreased in gonad of
male and female in July and January. This idea was
corroborated by the observations of Wilhelh Filho et
al.[17], who described that the concentration of the
GSH in P. perna decreased during reproduction
period The decrease in this enzyme activities were
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during moulting, mating, breeding and egg laying
should be used in the aquaculture section as
evaluation tools for the regulation of nutrient and
additives to be added to feeds and the design of
feeding schedules to decrease feed costs and the
maintenance of crayfish adequate healt and stock.
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the Rio Earth Summit. The emergence of the concept
of multifunctionality responds to a wide range of
concerns about significant, worldwide changes in
agriculture and rural areas [35]. In 1998, ³multifunctionality´ ZDV described by the OECD
Declaration of Agricultural Ministers Committee as:
³%H\RQGLWVSULPDU\IXQFtion of producing food and
fiber, agricultural activity can also shape the
landscape, provide environmental benefits such as
land conservation, the sustainable management of
renewable natural resources and the preservation of
biodiversity, and contribute to the socio-economic
viability of many rural areas. Agriculture is
multifunctional when it has one or several functions
in addition to its primary role of producing food and
fiber´ [8]. After this description, OECD makes an
extended definition for multifunctional agriculture:
³like many economic activities, agriculture generates multiple outputs. It produces food and fiber,
shapes the farm landscape, creates employment in
rural areas, affects ecosystems and biodiversity,
water, air and soil quality, and the well-being of farm
animals. The multiple positive and negative outputs
of the agricultural production process contribute to
or detract from societal goals ± the viability of rural
areas, environmental quality (including biodiversity
and land conservation), food security, sustainability,
animal welfare, and cultural heritage. Other economic activities can also contribute to these goals,
including through the direct provision of such
RXWSXWV´[21].
It might be conjectured that new models of
regional economic development, combined with the
emerging understanding of multifunctional agriculture would suggest a new and perhaps more
optimistic perspective on the potential of agriculture
as an engine of regional economic growth [27]. Besides, multifunctionality is one of the key issues and
concepts in European agriculture and in the common
agricultural policy [36]. In Europe, many of the
agricultural policymakers consider multifunctional
agriculture as the future of agriculture. The basic
idea behind multifunctionality is that agricultural
production provides not only food and fiber, but also
different non-market commodities, with characteristics of externalities or public goods or both [3]. The
economic importance of agriculture was negligible,

ABSTRACT
Agriculture has been affected by the changes
occurring in the awareness and expectations of
societies. Multifunctional agriculture has increased
in importance by expanding its meaning in recent
years. In this study, SURGXFHUV¶ SUHIHUHQFH for the
commodity and non-commodity functions of agriculture was analyzed by using the method of
Analytic Hierarchy Process and it was observed that
the producers preferred the commodity functions of
agriculture (0.603) over non-commodity functions
of agriculture (0.397). In addition, this study examined WKHSURGXFHUV¶SUHIHUHQFHV among the alternatives by making them evaluate in terms of different
criteria and consequently, it was found that the
preferences were as follows: economical (0.584),
environmental (0.229) and social (0.187) functions.
The focus of the producers on the attributes of
multifunctional agriculture was analyzed with Fuzzy
pair-wise comparison method for the seven features
specified, and the first three places were respectively
as follows: securing food safety and quality (0.658),
maintaining agricultural land (0.490) and environmental responsibility (0.456).

KEYWORDS:
Multifunctional agriculture, Commodity, Noncommodity, Analytic Hierarchy Process, Fuzzy Pair-wise
Comparison

INTRODUCTION
The changing preferences of consumers in
recent years, the economic crisis as well as the
ecological and health problems caused by excessive
use of chemical fertilizer and pesticide have altered
people¶V perspective of agriculture as it has done
with many things. Agriculture, which has aimed to
and has been assumed to produce food and the raw
material of food for many years, has expanded its
scope within recent years and, in fact, owned the real
meaning it has always embodied.
7KH WHUP ³PXOWLIXQFWLRQDO DJULFXOWXUH´ HPerged on the international stage as early as 1992, at

3048

© by PSP

Volume 26 ± No. 4/2017 pages 3048-3055

Fresenius Environmental Bulletin


takes the functions of agriculture into con-sideration
while it evaluates agriculture as a whole when it
deals with the problems. From this pers-pective, it is
of vital significance that the views and suggestions
of the producers who form the base of the production
and who are directly related to the topic should be
taken into account while forming policies for the
agricultural sector.

and the community was increasingly concerned
more with the quality of consumed food and the
surrounding environment. In this concept developed
in a period of political change, the need for continuing support of the sector is justified [9]. As we can
see, the multifunctional agriculture would be a new
perspective of the future of agriculture, in Europe
and the world.
There are many studies regarding the
multifunctionality of agriculture. Some of the
academic works on agricultural multifunctionality
have mainly focused on theoretical issues [5, 17,26,
27, 32]. In addition to such works, there are studies
that tried to reflect the perspectives of the multifunctionality of the agriculture of the consumers [13, 36]
or the producers [1, 3, 7, 15]. Furthermore, there are
also studies that have evaluated the situation at hand
by detecting the views of the experts on the topic [2].
No studies that have related the methods of Analytic
Hierarchy Process (AHP) and Fuzzy Pair-wise Comparison (FPC) methods used in this study to the
multifunctionality have been observed. However,
various studies have been held in Turkey in which
these methods have been applied in agriculture [10,
11, 12]. AHP is a multi-criteria decision-making
technique widely implemented in many scientific
fields. However, it is stated that its application in
environmental assessment of agricultural systems
has not been found in the international literature,
although it could be a very suitable and powerful tool
for this purpose. AHP enables the incorporation of
qualitative, subjective and intangible information, in
complex decision-making problems and situations
with multiple criteria, stakeholders and decisionmakers, high uncertainty and high risk. These properties are useful in environmental assessment and
choice, as in the case of the holistic environmental
evaluation of farming systems, and make AHP a
potentially useful tool in this field [24].
The main aim of this study is to analyze the
attitudes of the producers towards the commodity
and non-commodity functions by taking into consideration the economic, social and environmental
functions of the agricultural production and to reveal
the focus on the different attributes of multifunctional agriculture.
It is now a requirement that the concept of
multifunctional agriculture be comprehended in a
better way, be discussed, be told to the farmers and
that the and that policies be formed in this way. For
this reason, such studies that will be held in this field
gain more significance, since multifunctional agriculture not only increases the significance of the
concept and the ingredients within it, but the topic
also adds meaning to the increase in awareness
among producers by moving the current dimensions
of agriculture to a multidimensional and living level.
Furthermore, the multifunctionality of agriculture
maintains that the solutions to the problems should
be easier and less expensive due to the fact that it

MATERIALS AND METHODS
The research was conducted in Izmir, which is
situated in the Aegean Region, which is the western
part of Turkey, and which is the third biggest metropolis and an importaQWIDLUWUDGHFHQWHUø]PLUKDV a
large proportion of agricultural production not only
in the region but in the agricultural production of
Turkey as well. According to the statistical data of
2010, 28% of the total land area is constituted by
agricultural land, and it has 338.774 hectares of
agricultural land area [14].
In this study, the Buca, BalçRYD1DUOÕGHUHDQG
Güzelbahçe provinces of Izmir have been selected as
the field of research. Agriculture in these selected
counties is the practice of agriculture surrounding
the boundaries of cities. The main material of the
research is constituted by the original data obtained
from the surveys through face-to-face interviews
with the producers who were chosen among these
provinces. According to the 2011 records of the
Izmir Konak Chamber of Agriculture, the total
number of the producers in these provinces was
accepted as the population and the sample volume
was calculated by making use of the proportional
sample volume accordingly [20]. The total number
of the producers to be interviewed was found to be
90 people. FPC analysis was carried out according to
the data obtained from the 90 producers. However,
consistency index was calculated for criteria of AHP
and its alternatives and 45 producers smaller than
0.10 were not taken into consideration. The fact that
the consistency index is smaller than 0.10 means
they prefer to be in a consistent manner with each
other within the framework of the AHP hierarchy. It
was considered that the analyses starting from the
producers whose preferences were consistent would
yield healthier results.
In various studies, it is possible to see the
functions of the agriculture in many different forms.
Though some functions are the same, it may display
variations from study to study or from researcher to
researcher. By analyzing the other studies in this
field, seven different attributes were identified,
namely: maintaining agricultural land, sustainability
of rural life, enhancing biodiversity, enhancing animal welfare, environmental protection, food security, securing food safety and quality. During the
survey, a briefing was carried out in order for these
attributes to be comprehended by the producer.
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In this study, the SURGXFHUV¶SUHIHUHQFHon the
commodity and non-commodity functions of the
agriculture was displayed within the framework of
the economic, social and environmental sides of
agriculture by making use of the AHP method. AHP
is a decision-making method that was developed by
Thomas L. Saaty (1980) and used in solutions to
complex problems, and which includes many criteria. It gives the decision-makers the opportunity to
model in a hierarchical structure which displays the
relations between complex problems, the main target
of the problem, criteria, sub-criteria and options [30].
The hierarchical organization of the criteria is
commonly used in big decision problems [25, 28].
The first step of AHP is to divide the decision
problem into its basic components and to form a
hierarchical structure. Doing this helps the decision
maker focus on more minimal details of the related
decision [6]. On the top of the decision hierarchy is
the main target; on a lower level is the criterion that
will affect the quality of the decision, and on the
lowest level are the decision options. The paired
comparison constitutes the second step of the AHS.
AHS means to compare two criteria/options with
each other, and it is based upon the judgments of the
decision maker. If hierarchy includes n units, then
the n(n-1)/2 paired comparison should be held in
total. In paired comparisons, a 1-9 point preference
scale is used to determine how important criterion A
is when compared to criterion B [29].
Furthermore, in the research, Fuzzy Paired
Comparison method was used to find which attributes of agriculture the producers find themselves
close to. In this study, FPC method was used in order
to reveal the priorities of the producers while
comparing the seven attributes of agriculture,
namely, maintaining agricultural land, sustainability
of rural life, enhancing biodiversity, enhancing
animal welfare, environmental protection, food
security, securing food safety and quality. Fuzzy
WKHRU\EHJDQZLWKDSDSHURQ³IX]]\VHWV´E\=DGHK
in 1965. Fuzzy set theory is an extension of crisp set
theory [31]. Fuzzy sets are sets with boundaries that
are not precise. Thus, fuzzy sets describe ranges of
vague and soft boundaries by degree of membership
[19]. The membership in a fuzzy set is a matter of a
degree [18]. A fuzzy set is characterized by a membership function, which is allowed to choose an
arbitrary real value between zero and one.
FPC was first used by Van Kooten, Schoney
DQG +D\ZDUG   WR VWXG\ IDUPHUV¶ JRDO
hierarchies for use in multiple-objective decision
making. The first step of FPC approach is data
collection by using a unit line segment as illustrated
in Figure 1. Two attributes of multifunctional agriculture, F (Securing food safety and quality) and L
(Maintaining agricultural land), are located at
opposite ends of the unit line. Producers are asked to
place a mark on the line to indicate the degree of their
preferred attribute. A measure of the degree of prefe-

rence for attribute F over L, rFL, is obtained by
measuring the distance from the producer¶VPDUNWR
the T endpoint. The total distance from T to N equals
1. If rTN<0.5, information source N is preferred to F;
if rFL=0.5, the producer is indifferent between F and
L; and if rFL>0.5, then attribute F is preferred to L.
rFL=1 or rFL=0 indicates absolute preference for
attribute F or L. For example, if rFL=1, then attribute
F is absolutely preferred to L [34].

FIGURE 1
Fuzzy method for making pair-wise
comparison between attributes (F) Securing
food safety and quality and (L) Maintaining
agricultural land.

The present study employs seven attributes
statements of the producers. The number of pairZLVHFRPSDULVRQVȜFDQEHFDOFXODWHGDVIROORZV
O

n

n 1 / 2

where n= the number of attributes of multifunctional
agriculture. Thus, a producer made 21 pair-wise
comparisons in a personal interview.
$PHDVXUHRISUHIHUHQFHȝFDQEHFDOFXODWHG
IRU HDFK DWWULEXWH E\ XVLQJ 3URGXFHU¶V SUHIHUHQFH
matrix R. The intensity of each preference is measured separately by the following equation:
1/ 2

Pj

§ n
·
1  ¨ ¦ Rij2 / n  1 ¸
©i1
¹

ȝj has a range in the closed interval [0,1]. The larger
value of ȝj indicates a greater intensity of preference
for attribute of multifunctional agriculture j. As a
result, attributes of multifunctional agriculture are
ranked from most to least preferable by evaluating
the ȝ values.
7R DQDO\]H WKH SURGXFHUV¶ SUHIHUHQFHV
(priorities) derived from FPC, nonparametric statistical tests are used [4]. Friedman test is used to
establish whether the attributes of multifunctional
agriculture are equally important within a block,
ZKLFKLVDSURGXFHU¶VDWWULEXWHUDQNLQJVDFFRUGLQJWR
his preferences. Since seven attributes are presented
to producers, each row includes seven values, which
are the degree of the preferences for the attributes of
multifunctional agriculture exposed from a producer. The null hypothesis is that there is no difference in preferences over the attributes among
producers. Alternatively, at least one attribute is
SUHIHUUHGRYHUWKHRWKHUV.HQGDOO¶V:LVDQRUPDOLzation of the Friedman test. A concordance test is a
test for agreement among more than two set of
UDQNLQJV .HQGDOO¶V : LV WKH FRHIILFLHQW RI
concordance, and ranges between 0 (no agreement)
and 1 (complete agreement).
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TABLE 1
Characteristics of the farmers surveyed
(n=90)
Age (years)
Education (years)
Farm size (hectare)
Farming experience (years)
Household member

Mean
51.57
6.29
3.57
27.22
3.68

Min.
21
3
2
3
2

Max.
79
14
250
61
10

Std.dev.
12,659
2,496
44,097
13,652
1,483

TABLE 2
The priority values of the producers for the commodity and non-commodity functions of agriculture
Criteria*
Economic aspect
Social aspect
Environmental aspect
Average

Alternatives**
Commodity Functions of
Non-Commodity Functions
Agriculture
of Agriculture
0.696
0.304
0.374
0.626
0.482
0.518
0.603
0.397

Average
0.584
0.187
0.229

* Friedman Q=5,444 (Criteria different at 0.01)
** Friedman Q=37,842 (Alternative different at 0.01)

agriculture was revealed by making use of the AHP
method. The economic, social and environmental
functions of agriculture were taken into consideration as the criteria in the preferences of the producers
as to the commodity and non-commodity functions
of agriculture. At this level, the producers were
asked to evaluate the commodity and non-commodity functions of agriculture by taking the
economic, social and environmental functions into
consideration. The primary function of agriculture is
to supply commodity outputs such as food, fiber and
other raw materials. However, agriculture can also
be a source of several non-commodity outputs
(NCOs) that are jointly produced with commodity
outputs and that exhibit the characteristics of public
goods or externalities. The term multifunctionality
refers to this nexus between commodity and noncommodity output production in agriculture [23].
Here, it was attempted to find out whether the
producers prefer the original outputs or public goods
or externalities emerging with this main output after
the producers were asked to choose a preference
between the commodity and non-commodity functions of agriculture.
Results obtained by applying the AHP model
are shown in Table 2. As seen on the last line of the
table, the producers in the research field prefer the
commodity function of agriculture (0.603) over noncommodity functions (0.397). They were asked to
evaluate the production function of agriculture by
taking the economic, social and environmental
functions into consideration. The last column in
7DEOH  LQGLFDWHV WKH IDUPHUV¶ DYHUDJH SUHIHUHQFHV
for each criterion. When an evaluation was held in
terms of different criteria, it was seen that the
producers primarily prefer the economic side
(0.584). Respectively, the environmental (0.229) and
social (0.187) sides follow. In each row of Table 2,

RESULTS
The Demographical Characteristics of the
Producers
As a result of the surveys, while the average age
of the farmers with whom the surveys were
conducted in the research area is approximately 52
and average duration of the engagement to the
agriculture is 27 years (Table 1). It is revealed that,
duration of education life is approximately 6 years.
It is observed that the average number for the household persons surveyed is 4.
The average of farm size, which is one of the
important elements of agricultural production, is
three point six hectares. While the scale of agricultural land average in the EU is 19 hectares, in
Turkey it is 6 hectares. It even decreases in the
Aegean Region. Accordingly, average size of the
total farm in the research field is consistent with the
average of the Aegean Region. That the research
field is situated in the metropolitan area was
effective in the lower farm sizes. 68% of the
producers (61) declared that they were a member of
at least one cooperative.
The Preference of the Producers as to the
Commodity and Non-Commodity Functions of
Agriculture
Agriculture can be analyzed (con-sidered)
under three basic functions: These functions are (I)
economic: the production, income and marketing
dimension of the agriculture, (II) social: the
sustainability of the rural life, the dimensions of the
cultural and traditional values, and (III) environmental: the protection of the land and water and
biodiversity.
In this study, the preference of the farmers as to
the commodity and non-commodity functions of
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groups. The producers who were under 31 and those
above 60 stated that they found the commodity
function more important when compared to the
producers of other ages. The age group between 31
and 45 is the producer group in which the percentage
of the people who adopt the non-commodity
function is very high. The commodity and noncommodity function preferences were assessed on
the basis of the question as to the satisfaction with
agricultural activities. Both producer groups, those
who were satisfied and those not satisfied by
agriculture, prefer the commodity function of agriculture. However, the preference of the noncommodity function for the producers who were
satisfied by agriculture was also found to be high
(0.475). This implies that the producers who were
satisfied by engaging in agricultural activities leaned
towards the other outputs emerging with the agricultural goods (Table 3).

the preference scores for commodity and noncommodity functions are presented. According to
the final decisions of the producers, the priorities of
the commodity and non-commodity functions of
agriculture were determined in terms of the
economic, social and environmental criteria. While
the producers heavily prefer commodity functions in
terms of the economic side (0.696), they heavily
prefer non-commodity functions in terms of the
social (0.696) and environmental side (0.518).
In order to see the difference, the significance
the producers attribute to the commodity and noncommodity functions of the agriculture was also
analyzed according to various demographic variables (Table 3). When the commodity and noncommodity functions of the agriculture according to
the income groups were assessed, it was observed
that the significance attributed to the commodity
function of the agriculture overweighed in all the
income groups. However, the significance that the
producers in the highest income group attribute to
the non-commodity functions of the agriculture was
higher than the other income groups. When the
significance that the producers attribute to the
commodity and non-commodity functions of agriculture according to the education level was also
analyzed, the producers who are high school
graduates attribute a higher level of significance to
the non-commodity functions of agriculture than the
other educational groups. This shows that as the
educational level raisesWKHSURGXFHUV¶interest in the
non-commodity functions of agriculture rise to a
great extent as well. When the commodity and noncommodity functions of agriculture were analyzed in
terms of age groups, the commodity function of
agriculture was found to be important for all age

The Priorities of the Producers Regarding
Multifunctional Agriculture
The priorities of the producers as to the
attributes of multifunctional agriculture were
specified by means of the Fuzzy Paired Comparison
method. With this purpose in mind, seven attributes
of multifunctional agriculture were presented to the
producers, and they were asked to make a paired
comparison between these attributes, and in
accordance with the results obtained the weight of
each function was calculated. In the study, the
attributes of agriculture are handled as follows:
maintaining agricultural land, sustainability of rural
life, enhancing biodiversity, enhancing animal welfare environmental protection, food security, securing food safety and quality.

TABLE 3
The significance of the commodity and non-commodity functions according to producer and farm
characteristics

Name of alternatives
Commodity Function of Agriculture
Non-Commodity Function of
Agriculture

Commodity Function of Agriculture
Non-Commodity Function of
Agriculture

< 477,56 $
0.644
0.356
Primary School
0.655

Income Level (Monthly)*
478-716,33 $
717 $-955 $
0.612
0.601
0.388

0.399

956 $-1193 $
0. 809

1194$ +
0.430

0.191

0.570

Education Level
Secondary School
High School
0.513
0.300

0.345

0.487

University
0.536

0.700

0.464

Age
Commodity Function of Agriculture
Non-Commodity Function of
Agriculture

Commodity Function of Agriculture
Non-Commodity Function of
Agriculture

<31
0.827

31-45
0.550

46-60
0.608

>60
0.727

0.173

0.450

0.392

0.273

Satisfied
0.525

Satisfaction of working in Agriculture
Not Satisfied
0.631

0.475

0.369

*Calculated using USD currency issued on 24 July 2014, Central Bank of Turkey USD currency (1 USD = 2.094 TL)
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TABLE 4
The weights of the attributes of agriculture in the research area
The Attributes of Agriculture
Securing Food Safety and Quality
Maintaining Agricultural Land
Environmental Protection
Food Security
Enhancing Animal Welfare
Enhancing Biodiversity
Sustainability of Rural Life

Average
0.658
0.490
0.456
0.385
0.359
0.295
0.275

Minimum
0.209
0.123
0.065
0.000
0.065
0.000
0.000

Maximum
1.000
1.000
1.000
1.000
0.711
0.711
0.668

Standard Deviation
0.192
0.180
0.158
0.161
0.139
0.166
0.150

Kruskal-Wallis Test for Fuzzy alternatives
Chisquare (0.01,6)= 16.81189
H =208.898499*** (Attributes are different at 0.01)

found that the priority score of the producers with the
highest income level for the non-commodity function of agriculture was close to their priority for
commodity function of agriculture, which is different from the other producers. When their education
levels were analyzed, it was observed that as the
education level rose, the producers preferred the
non-commodity function of the agriculture more. In
terms of the age groups, the preference of noncommodity was found to be higher in the age group
of 31-45 than the other groups. These results are of
vital significance in policies to be determined towards developing the non-commodity functions of
agriculture. It is considered that the training and
extension programs, as to the fact that the noncommodity functions of agriculture will increase the
income and prosperity in the region, will be effective
in environmental protection, provision of food security, the sustainability of the rural life and making it
come.
The question as to how much importance the
producers attributed to which function of agriculture
was analyzed within the framework of the FPC
method and the producers prioritized the function of
³securing food safety and quality´ The second and
WKLUG IXQFWLRQV GHHPHG DV LPSRUWDQW ZHUH ³maintaining agricultural land´ DQG ³environmental protection´UHVSHFWLYHO\Such an order stems from the
fact that the producers felt themselves obliged to
produce health food of good quality, taking the new
FRQVXPHUV¶ SUHIHUHQFHV LQWR FRQVLGHUDWLRQ in order
for them to sell their products. In addition, it can also
be stated that in this ordering it is also important that
the producers were aware of the fact that they had to
protect their land and the environment in order for
them to maintain the agricultural production.
Although 68% of the producers within the scope of
the research stated that they are a member of at least
one cooperative, not all of the cooperatives are active
at the moment, whereas the cooperatives and other
organizations of the producers are important for the
sustainability of rural life. These organizations may
take an active role in extending the non-commodity
activities. That the community in the rural areas uses
non-commodity activities such as agro tourism besides agricultural production for alternative incomes

When the results of the FPC were analyzed
(Table 4), it is seen that the producers paid special
attention to the attribute RI³VHFXULQJIRRGVDIHW\DQG
TXDOLW\´DPRQJWKHRWKHUV7KHDWWULEXWHV³PDLQWDLQing DJULFXOWXUDO ODQG´ DQG ³HQYLURQPHQWDO SURWHFWLRQ´IROORZWKLVDWWULEXWH7KHDWWULEXWHRI³VXVWDLQDELOLW\ RI UXUDO OLIH´ ZDV found to be the least
important of all. This is an expected result for the
producers who pay more attention to the economic
aspect of agriculture. The producer considers that the
high quality product can be commercialized easier,
and that the feedback can be obtained faster. On the
other hand, the producer does not pay much attention
to the outcomes of the sustainability of rural life in
the long term.

CONCLUSION AND DISCUSSION
The aim of this study is to analyze the
preferences of the producers as to the commodity
and non-commodity functions by taking the economic, social and environmental functions of agricultural production into consideration and to reveal
the focus on the different attributes of multifunctional agriculture. The results of the study
suggest that the producers in the research field see
the commodity function of agriculture more
preferentially to non-commodity functions. In addition, the farmers preferred the economic aspect of
agriculture among the aspects of economic, environmental and social. This, to a great extent, results
from the fact that the producers want to guarantee
their production and income before environmental
and social topics. When the fact that average farm
size in the research field was 3.6 hectares is taken
into consideration, it is very comprehensible for
someone to see how significant the return coming
from the products is for these small farms.
As a result of the study, an interesting outcome
was obtained when the significance attributed to
commodity and non-commodity functions of agriculture was analyzed by taking the income and
education level of the producers into account.
According to the analysis by income groups, it was
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EAAE (European Association of Agricultural
Economists  µ7KH )XWXUH Rf Rural Europe in
The Global Agri-)RRG 6\VWHP¶ &RSHQKDJHQ

will also prevent migration from the village to the
metropolis.
As Arovuori and Kola (2006) put it, it is very
hard to find common precautions that will have
effects to increase the efficiency of multifunctional
agriculture with different agricultural conditions in
different regions. For this reason, the distinctive
features of the provinces and villages within the
research group should be taken into consideration
even though they are within the same city boundaries. In addition, the producers¶DZDUHQHVV needs
to be raised in the use of pesticides and fertilizers and
the protection of domestic species, and the environmentally friendly production methods such as
organic agriculture and good agriculture application
should be encouraged.
The policies to be applied with a motivating
intention towards non-commodity functions of
agriculture besides commodity functions of agriculture bear great significance in terms of the
sustainability of agriculture in the region. There is
the danger that the agricultural land areas in these
villages particularly close to the metropolis may be
alienated from agricultural activities and that they
may be used for other purposes. Taking this danger
into consideration, the brand new policies should be
formed for non-commodity outputs in addition to the
available policies.
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More and more, the interest in alternative
agricultural practices including environmentally
friendly practices is increasing. Especially in developed countries with an increase in the awareness and
prosperity level, demand for organic sultanas and
other organic products has increased.
Sultanas, which have were one of the first
products of organic agriculture produced in Turkey,
are also among the most important organic agricultural products made today. Sultana, along with dried
figs and dried apricot, was the first organic farming
product to be produced between 1984±1985 years in
Turkey. In Turkey, as of the year 2011, a total of 615
thousand hectares of organic agricultural products
are grown by 42,460 producers. The organic raisin
production in 2011 amounted to 22,035 tones in Turkey and 14,031 tones in Manisa. The three-year average (2009 ± 2011) of such production in Manisa
province comprised 61.8% of Turkey¶s organic raisin production [6].
There are numerous studies both domestic and
abroad that have assessed the economic dimension
of organic raisin production. These studies consisted
of research conducted mostly at farm level. For some
of these studies, the yield and costs related to organic
raisins were examined [9, 10]; also, yield and costs
related to organic and conventional raisins were
compared [4, 3, 5, 12, 1, 13, 15 and 16]. Klonsky and
Tourte [9] found that organic and conventional sultanas¶ yields are equal to each other.
White [15, 16] determined that conventional
raisin yield is higher than organic raisin yield compared to the Concorde variety with a rate of 28%,
Elvira variety with a rate of 8% and Seyval variety
with a rate of 39%. In the same study, although it
depends on the raisin variety, it¶s determined that organic raisin costs are higher than conventional raisin
costs between 91% and 69%. Bektaú .HQDQR÷OX and
Miran [3] calculated that organic raisins¶ variable
costs were lower than the variable costs of traditional
raisins. In addition, TanrÕvermiú et al. [13] calculated
that the organic costs are lower in the Izmir region,
but the costs are higher in Manisa region. Yield
differences between conventional and organic farms
and the results of economic activities of the farms
should be of vital importance to policy-makers. The
results of such researches may lead to policies being

ABSTRACT
This study aimed to compare the results of
economic activities of organic and conventional
farms of sultana raisins by considering the case of
the Manisa province, which is Turkey¶s biggest producer of sultanas. Organic sultana¶s yield is 30%
lower compared to conventional sultana¶s yield, but
also the price that the organic sultana producers
earned for 2011/2012 is 12.26% higher than conventional raisin producers in the examined farms. It has
been found that gross margin of organic sultanas is
8.78% lower than the conventional raisin gross margin. In order to generalize organic viticulture at producer level, factors such as increasing organic sultana¶s yield and trade practices in the direction of
earning higher prices for producers must be assessed.

KEYWORDS:
Sultanas, Organic, Conventional, Economic Analysis

INTRODUCTION
Sultanas are one of the most important
traditional export products, which undoubtedly is
due to the location of Turkey in the most favourable
climatic zone for viticulture activity. In Turkey, 4.2
million tons of grapes were produced in 2014 per
nearly 4.7 million acres. The production consisted of
51.9% of table grapes, 37.4% of sultanas and 10.7%
of wine grapes [14].
Turkey is responsible for 50-60% of the
world¶V sultana production with the USA, producing
approximately 250 thousand tons of raisins each
year. Due to low domestic consumption in Turkey,
91% of the sultanas produced are exported. Turkey¶s
most important grape production area is Aegean Region. Aegean Region, as well as being the homeland
of sultanas, is also the only region in which the dried
variety is grown. Production of sultanas is intensely
done in the Manisa province of Center, Turgutlu,
Alaúehir, Salihli and Akhisar; Izmir province of
Menemen and Kemalpaúa; and the Denizli province
of Cal and Çivril.
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from the Manisa province of Center, Salihli and
Turgutlu districts.
Out of 155 producers producing conventional
raisins, 140 producers produce organic raisins and 5
producers make both organic and conventional
raisins. Five producers making both organic and
conventional sultanas are not included in the analysis
in order to better compare the conventional and
organic sultana farms economically. In the study,
conventional sultana-production farms (155 farms)
and organic sultana-production farms (140 farms)
were divided into 2 groups, and data were analyzed
according to these groups. Among farming groups,
factors relating to demographic characteristics of
producers and some characteristics relating to
enterprise of raisin were assessed as to whether they
were statistically significant.
Via
Kolmogorov-Smirnov,
continuous
variables with normal distribution were elicited via
analysis of Variance (ANOVA), while non-normal
variables were analyzed by means of the KruskalWallis test.

implemented to spread sustainable agricultural practices such as organic farming. This study aims to
compare the results of economic activity of organic
and conventional raisin farms. It also aims to reveal
the characteristics of the conventional and organic
raisin producers, structural characteristics of the
farms and the differences in yield, price, variable
cost and gross margin.

MATERIALS AND METHODS
Research is conducted in the Manisa province,
which is responsible for 91% of raisin production in
Turkey [11]. The Manisa province of Center, Salihli
and Turgutlu districts were chosen for the research
area. Related districts were selected by preliminary
interviews with authorized persons because the Manisa province is an important place for organic raisin
production and has important vineyards. In order to
determine the number of farmers to be interviewed,
the number of conventional viticulture producers
who registered to CKS (FRS, Farmers Register System) was obtained from Manisa Directorate of
Provincial Food, Agriculture and Livestock (Manisa,
IGTHM). On the basis of selected districts, the number of producers registered to FRS (Farmers Register
System) producing raisins constitutes the main
population of conventional viticulture producers.
Moreover, during the last year²considering OTBIS
(Organic Agriculture Information System) data
relating to districts in the research area, including the
transition process²the number of organic viticulture farmers has been recognized as the main population. For selection of the villages related to districts
in the research area, primarily interviews were conducted with relevant institutions and organizations.
In this respect, information from people in Manisa
Viticulture Research Institute, Manisa IGTHM,
certification firms and export companies was taken.
Accordingly, surveys were conducted in 13 villages

RESULTS AND DISCUSSION
Specifications of Conventional and Organic
Raisin Farms. The average age of the producers is
50, and the average of age of conventional farms was
found to be 49 and for organic famers was found to
be 52. It was determined that the formal education
years of producers working per different production
techniques changed in between 6.24 and 6.92 years.
The difference in between the groups with respect to
age and education period of producers was found to
be statistically significant (Table 1). At farms
producing raisins per different production techniques, it was being observed that the number of
family members was close across such farms and
that there was no statistically significant difference.

TABLE 1
Some characteristics of conventional and organic raisin producers***
Conventional Farms (155)

Organic Farms (140)

General (295)

48.80
(12.4282)

51.76
(12.5531)

50.21+
(12.5533)

6.92
(2.8502)
4.27
(1.7731)

6.24
(2.3123)
4.36
(1.9754)

6.60*
(2.6270)
4.31
(1.8693)

Agricultural experience (year)

28.99
(12.2408)

31.51
(14.3990)

30.19
(13.3454)

Experience with raisin production (year)

24.61
(12.2392)

28.40
(14.0568)

26.41*
(13.2472)

Age of producer (year)
Education period (year)
Number of family members

+Įis significant for variance analysis.
* ĮLVVLJQLILFDQWIRUMann Whitney U test.
*** The values in the parentheses are standard deviation.
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TABLE 2
Land size and number of parcels in determined farms ***

Farmland (daa)
Land Ownership (daa)
Rental Land (daa)
Share Cropping (daa)
Total number of parcel (unit)
Vineyard land (daa)
Number of vineyard parcel
(unit)

Conventional Farms (155)
102.72
(113.3519)
78.61
(90.8297)
8.70
(35.7720)
15.41
(44.9624)
6.00
(4.1498)
50.02
(51.3017)
3.46
(2.1021)

Organic Farms (140)
100.14
(116.2730)
76.94
(71.2886)
7.43
(32.3986)
15.77
(66.2118)
7.11
(6.0252)
41.85
(41.3802)
3.52
(3.1083)

General (295)
101.50
(114.5589)
77.82
(82.0054)
8.10
(34.1609)
15.58
(55.9615)
6.53**
(5.1473)
46.14**
(46.9560)
3.49
(2.6236)

** ĮLV significant for Mann Whitney U test.
***The values in parentheses are standard deviation.
TABLE 3
Vineyard land, yield and price of raisin in determined farms**

Vineyard Land Allocated to Raisin (daa)
Yield of Raisin (kg/daa)
Price of Raisin (TRY/kg)

Conventional Farms (155)
48.56
(50.7981)
469.70
(225.9181)
3.59
(0.2085)

Organic Farms (140)
38.50
(38.5942)
328.38
(124.7755)
4.03
(0.2967)

General (295)
43.79*
(45.6206)
410.73*
(202.7132)
3.77*
(0.3298)

ĮLVVLJQLILFDQWIRU0DQQ:KLWQH\8WHVW
** The values in parentheses are standard deviation.

statistically significant. The average size of vineyard
at all farms is 46 daa in general. This value is about
50 daa at conventional farms and about 42 daa at organic farms. This indicates that the vineyards have a
share of about 50% within the whole farmland. Also,
the average number of parcels at all the farms researched is 4.
Questions relevant to viticulture training were
directed to the farmers who interviewed. V or Y system in viticulture is being implemented at 56.13% of
conventional raisin farms, T system is being implemented at 47.74% of them, wall is being implemented at 16.77% of them and low system is being
implemented at 1.94% of them; and V or Y system
in viticulture is being implemented at 59.29% of organic agriculture farms, T system is being implemented at 40.71% of them, wall is being implemented at 10.00% of them and low system is being
implemented at 3.57% of them.
Research interviews covered grape growers
producing only sultanas and table grapes. Grape
production only for drying is being performed at
89.49% of all the farms, and at 10.51% of farms,
production for table and drying is being performed.
Raisin production only for drying is being performed
at 90.97% of the conventional farms and at 86.87%
of the organic farms.

The period of experience in agriculture of the
producers was 30 years. It was determined that the
producers performing organic agriculture were more
experienced in the production of raisin. The period
of experience of organic farms in organic agricultural production and organic raisin production was
eight years on average. About 96% of these farms
that produce organic raisins perform production by
certificates.
At all farms included in the research, the
average land size was found to be 101.50 daa. The
land size of the farms is about 103 daa at conventional farms and about 100 daa at organic farms. It
was determined that there were no statistically
significant differences between the groups in respect
of average farmland (Table 2).
At all the examined farms, 76.67% of the whole
farmland is owned by farmers. Meanwhile, 15.35%
of them are being operated through share cropping
and 7.98% of them are being operated through tenancy. At conventional and organic raisin farms, more
than 75% of the lands consist of owned lands. The
number of parcels at conventional raisin farms was
determined to be 6 and was determined to be 7 at organic raisin farms. Average number of parcels at all
farms is about 7. The difference in between groups
in respect of number of parcels was found to be
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labour is 28.80%, and machine power follows it with
20.65%, fertilizer with 19.15%, pesticide with
17.06%, materials with 7.44% and irrigation with
6.90%. And at organic farms, the highest share
within total variable costs of raisin is again relevant
to labour, and pulling power, fertilizer, pesticide,
irrigation and material costs follow it respectively.
According to the Mann-Whitney U test, the difference between farm groups with respect to fertilizer
and pesticide costs was found to be statistically
significant. The difference in between farm groups
with respect to other cost items is not statistically
significant. The fertilizer and pesticide costs of
conventional raisins were found to be higher than the
fertilizer and pesticide costs of organic raisin. It can
be specified that the use of chemical medicine and
fertilizer is intense in conventional raisins. It is a
remarkable result that the fertilizer and pesticide
costs per unit area at organic farms is about half that
of the conventional farms.
The gross production value of raisins at
conventional farms was found to be 1566.99
TRY/daa, its variable cost was found to be 560.19
TRY/daa, and its gross margin was found to be
1006.80 TRY/daa. The gross production value,
variable cost and gross margin of raisin at
conventional farms were found to be higher than the
organic farms. The reason for gross production value
being higher at these farms compared to organic
farms arises from higher yield. The gross production
value of raisins at organic farms was found to be
1377.00 TRY/daa, its variable cost was found to be
458.62 TRY/daa, and its gross margin was found to
be 918.38 TRY/daa. At the examined farms, the
gross margin of organic raisin production was found
to be 918.38 TRY/daa, and the gross margin of
conventional raisin production was found to be
1006.80 TRY/daa. The gross margin of organic
raisin is less, at 8.78%, compared to the gross margin
of conventional raisins (Table 5). Even if the gross
margin of conventional raisin seems higher than the
gross margin of organic raisins, the difference in
between the groups was not found to be statistically
significant.

Annual Economic Activities at Conventional
and Organic Raisin Farms. In organic production,
the two most significant criteria for the producers are
yield and price of product. In this section of the research, the yield of raisin at examined vineyards and
average sales prices of the producers were examined.
At conventional farms, vineyard land allocated to
raisin is 48.56 daa and is 38.50 daa at organic farms
(Table 3). Organic farms produce raisins in a smaller
area compared to conventional farms. There is a
statistically significant difference in between groups
with respect to the production area of raisins.
While the yield of conventional raisins was
found to be 469.70 kg/daa, the yield of organic raisins was found to be 328.38 kg/daa, and the yield of
raisins at all the farms was found to be 410.73
kg/daa. The difference in between groups with respect to yield of raisin is statistically significant; the
yield at organic farms producing raisins in smaller
areas is 30% lower compared to yield of conventional raisins. The producers of organic raisins consider compensating for this loss in yield through
price. For the 2012/2013 season, the sales price of
raisins at all farms included in the research is 3.59
TRY/kg at conventional farms and 4.03 TRY/kg at
organic farms. The difference in groups in respect to
raisin price was found to be statistically significant.
At the examined farms, the price of organic raisins
received by the farmer was found to be 12.26%
higher compared to the price of conventional raisins.
Variable Costs and Gross Margins of Raisin.
At conventional farms, the variable cost of raisin per
decare was found to be 560.19 TRY/daa, and it was
found to be 458.62 TRY/daa at organic farms. The
variable cost of raisins at all the farms is 518.49
TRY/daa. According to an analysis with the MannWhitney U test, the difference between the groups
with respect to total variable costs of raisin production per daa was found to be statistically significant
(Table 4). According to the assessment, the variable
costs of organic raisin farms per daa are lower compared to conventional farms with a rate of 18%.
At conventional farms, the highest share within
total variable costs of raisins relevant to temporary

TABLE 4
Variable costs of raisin in determined farms (TRY/daa)
Cost elements
Fertilizer
Pesticide**
Labour
Machine power
Irrigation
Material
Total Variable Cost

Conventional Farms (155)
107.27
95.55
161.34
115.66
38.67
41.70
560.19

Organic Farms (140)
61.02
50.69
166.87
119.09
31.18
29.77
458.62

* ĮLVVignificant for Mann-Whitney U test.
**Pesticide costs for organic farms, including pesticides for organic raisin production.
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TABLE 5
Gross production value, variable cost and gross margin of raisin in determined farms (TRY/daa)

Gross Production Value (TRY/daa)
Total Variable Cost (TRY/daa)
Gross Margin (TRY/daa)

Conventional Farms (155)
1566.99
560.19
1006.80

Organic Farms (140)
1377.00
458.62
918.38

General (295)
1488.99+
518.49*
970.50

+<0.05 is significant for variance analysis.
* ĮLVVLJQLILFDQWIRUMann-Whitney U test.

the variable cost as 31.26% lower in the Izmir province and 25.69% higher in the Manisa province.
Again, a study about raisins conducted in Turkey
found that production costs in the organic farms are
lower by about 16% [2]. However, a study conducted
in Spain about raisins [7] found that the production
cost per unit area is about 17% higher as a result of
organic farms requiring more labour than
conventional farms. This disparity is due to the high
use of family labour in viticulture activities in
Turkey. However, despite the advantages of the
variable costs and the price difference, in examined
farms, it is found that the gross margin of organic
raisins is 8.78% lower compared to conventional
grapes¶ gross margin. .HQDQR÷OX [8] has found
organic raisin production gross margin 4.05% rate of
higher than the gross margin of traditional raisin.
TanrÕvermiú et al. [13] have found that the organic
raisin gross margin is lower with rate of 11.10% in
ø]PLUSURYLQFH and with a rate of 16.67% in Manisa
province. Guesmi et al. conducted a study in Spain,
despite that the organic raisin yield is low with a rate
of 16%, gross profit per unit area for organic farms
was found to be high, with a rate of 52.69%,
compared to conventional farms [7].
These results indicate that the loss caused by
the low yield of organic raisin is partially compensated due to the low variable costs and high price of
organic raisins; however, it shows that the gross margin is still lower per unit area for conventional raisins. This comes, on the one hand, from the high
difference of yield among conventional and organic
raisins and, on the other hand, from lower production
price premiums for organic raisin. However, a large
portion, 95.9%, of considered producers stated that
they would like to continue to producing organic raisins. Anyhow, the most efficient cause for the
producers¶ continuation decision is the relatively
high price of organic raisins, marketing facilities and
developing a healthy and environment-friendly
product. Considering all these results, to produce
widespread organic viticulture, both the yield of the
organic product has to be enlarged and needed for
the applications in terms of higher prices received by
producers. In order to enhance the yield, organic input support and technical support is important. Organic raisin producers receive this support especially
from the technical staff of certification firms or

CONCLUSIONS
In this study, the results of organic and conventional
viticulture farms were considered comparatively in
the case of the 0DQLVD SURYLQFH 7XUNH\¶V ODUJHVW
sultana producer. 2UJDQLFVXOWDQDIDUPV¶SURGXFWLRQ
area with 38.50 decares is lower than conventional
farms with 48.56 decares. Besides the differences in
the production area, at the observed farms organic
raisin yield is 30% lower than conventional raisin
yield. This result is consistent with other studies in
the same region. Bektas .HQDQR÷OX and Miran [3],
TanrÕvermiú et al. [13] and Demirci et al. [5] found
that organic sultana yield was lower than conventional raisin yield. However, in the study conducted
by Akgüngör [1] it is determined that in the Kemalpaúa region the yield of organic raisin is higher than
conventional yield, but it was lower in the Salihli region. However, Olhan [12] found that organic sultana yield is higher than conventional yield.
Organic raisin producers are expected to
compensate for the yield difference revealed by
conventional raisin with the price premium. Although the organic and conventional raisin prices are
not stable, the organic sultana producers have
achieved 12.26% of the price premium as per the
2012/2013 season compared to conventional raisin
producers. Also, according to some research results,
price received by organic sultana producers,
considering conventional raisin price, is only higher
in between 5% - 8% [8, 13]. However, in a study
conducted in Spain, organic raisin producers draw a
price premium of about 56% [7]. A study by
.HQDQR÷OX [8] found that the price premium for the
conventional sultana producers willing to change the
production method for organic sultana production is
at least 15.47%. In the research, despite the low
yields, in organic raisin production prices received
by producers as high and variable costs incurred during the production as low has emerged as an important advantage. Organic sultana farms¶ variable
costs per decares are found to be lower in the ratio of
18% compared with conventional farms. Fertilizer
and pesticide costs of organic farms were half of the
conventional farms and played a major role for the
emergence of this advantageous situation. Also,
.HQDQR÷OX [8] found the variable cost of organic sultana production branch was 1.43% lower than traditional production. TanrÕvermiú et al. [13] has found
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[9] Klonsky, K. and Tourte L. (1997) Production
Practices and Sample Costs for Organic Raisin
Grapes Southern San Joaquin Valley,
University
of
California,
Cooperative
Extension, Davis, California.
[10] Klonsky, K., Tourte L., Beede B. and
Christensen P. (1998) Sample Costs to Establish
a Vineyard and Produce Table Grapes,
University
of
California,
Cooperative
Extension, Davis, California.
[11] Manisa DPFA (Directorate of Provincial Food
Agriculture and Livestock) (2014) Agriculture
of Manisa-Importance and Place for Turkey.
http://manisa.tarim.gov.tr/Sayfalar/Detay.aspx?
SayfaId=4, Access Date, July 2015).
[12] Olhan, E. (1997) TüUNL\H¶GH%LWNLVHOÜretimde
Girdi KullanÕPÕnÕn YarattÕ÷Õ Çevre SorunlarÕ ve
Ekolojik TarÕm-Manisa Örne÷i (Doktora Tezi),
Ankara Üniversitesi Fen Bilimleri Enstitüsü,
Ankara, 190s.
[13] 7DQUÕYHUPLú, H., Demirci, R., *QGR÷PXú, E.
and Erkus, A. (2004) TüUNL\H¶GH %DúlÕca
Geleneksel ve Organik Bitkisel Üretim
Faaliyetlerinin KarúÕlaútÕrÕlmalÕ Ekonomik
Analizi ve Organik TarÕPÕn Geliútirilmesine
Yönelik YaklaúÕmlar, Türkiye VI. TarÕm
Ekonomisi Kongresi, Tokat, 16-18 Eylül 2004,
207-219.
[14] TSI (Turkish Statistical Institute) (2015) Crop
Production Statistics, (http://www.tuik.gov.tr/PreTablo.do?alt_id=1001, Access Date, July
2015).
[15] White, G.B. (1995a) The Economics of
Growing Grapes Organically, Organic Grape
and Wine Symposium, Special Report, Number
69, 21-22 March 1995, New York
[16] White, G.B. (1995b) The Economics of
Converting Conventionally Managed Eastern
Vine-yards to Organic Management Practices,
Cornell University, The Department of
Agricultural Economics, Research Bulletins,
No: 95-02.

exporters. Obviously, not all organic raisin producers have access to such support. Besides ongoing
area-based support, technical information and price
premiums that would be appeal to the producers also
would make producing organic raisins a more attractive endeavor.
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A PROMISING AND COST EFFECTIVE SURFACE
STERILIZING METHOD FOR SWEET POTATO (IPOMOEA
BATATASL.) CULTIVATED IN OPEN ENVIRONMENT
Allah Bakhsh*, Tahira Hussain, Mehmet Emin Caliskan
Department of Agricultural Genetic Engineering. Faculty of Agricultural Sciences and Technologies,Omer Halisdemir University,
51240 Nigde, Turkey.

alternative source of bio-energy as a raw material
for fuel production [1,2,3]. In annual production
sweet potato ranks fifth among food crops in over
50 of 100 developing countries [4]. Fresh sweet
potato roots provide about 50 % more calories than
Irish potatoes (Solanum tuberosum L.) [5]. In
addition, sweet potato provides fiber, iron,
potassium, ascorbic acid and the amino acid lysine,
which is absent in most common foods such as rice.
Sweet potatoes are invariably affected by
bacteria, fungal and viral diseases, and nematode
[6-7]. Different diseases attack the crop at different
stages of growth, from pre-harvest to post harvest
[8]. Insect pest are the major recorded biotic constraints for the production of sweet potato [9-10].
With the passage of time, many important traits (insect pests, herbicide and virus resistance) have been
introduced in sweet potato [2, 11, 12]. The efficient
surface sterilization method is pre requisite for
successful genetic improvements in sweet potato
(Bakhsh et al. 2016).
In vitro propagation of sweet potato helps
overcome many challenges by producing large
number of disease free planting material [13-14].
Most of time cuttings from old plants have been
used for propagation that leads to the spread of
diseases [15]. Although aseptic conditions are
generally practiced in plant tissue culture, microbes
can be introduced again from poor aseptic handling,
unhygienic conditions in the laboratory or from
laboratory instruments. Microbial contamination is
a continuous problem, which often compromises
development of in vitro cultures [16]. These
microbes compete adversely with plant tissue
cultures for nutrients, and their presence often
results in increased culture mortality or can also
result in variable growth, tissue necrosis, reduced
shoot proliferation and reduced rooting [17].
The crop seeds or seedlings (for in vitro
purpose) collected from open field or green house
conditions are infested with microbes mainly fungi
and bacteria [18-19]. Therefore establishing aseptic
conditions in such circumstances are challenging
ones for researchers [20]. Although sodium hypochlorite and ethanol are good sterilizing agents for
other plant tissues but unfortunately these agents
are unable to remove contaminants that are usually

ABSTRACT
Sweet potato is an important staple food and
industrial material crop in the world. The crop is favored by resource poor farmers due to its good
performance under adverse farming conditions,
peak productivity in small farming areas and high
carbohydrate and vitamin contents. The advances in
genetic engineering technologies have helped the
researchers to modify sweet potato to encode insect,
herbicide and virus resistant traits. The efficient
surface sterilization method is pre requisite for
successful genetic improvement in sweet potato.
We report an efficient, cost effective surface
sterilization procedure of sweet potato seedlings
collected from green house as well as field
conditions for the initiation of in vitro culture. The
seedlings from six sweet potato breeding lines were
used to serve the purpose. Earlier, common bleach
(NaOCl) was used to sterile sweet potato terminal
buds to study their effectiveness in preventing
microbial growth. Fungi and bacteria were most
common microbial contaminants observed in
cultures. Later on, the use of H2O2 in combination
with ethanol resulted in relatively less
contamination. The treatment of sweet potato explants with 70% ethanol for 5 min, 0.5% Mancozeb
(Dithiocarbamate) for 5 min, followed by 5%
hydrogen peroxide 5 mins resulted in suppressing
microbial contaminations. This is the first report of
the use of Mancozeb in combination with H2O2 for
successful in vitro culture studies of sweet potato
using explants from open environment. These
findings will help to alleviate much burden
associated with initiation of sweet potato cultures
especially grown in field conditions.

KEYWORDS:
reproducible, sterilizing agents, efficiency, sweet potato

INTRODUCTION
Sweet potato is an important food and
industrial material crop in the world. It is also an
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colOHFWHG IURP WKH RSHQ ¿HOG ZLWK LQVXIILFLHQW
storage conditions [21-22]. The present study was
conducted to find out an efficient, cost effective
surface sterilization procedure of sweet potato
grown in green house as well as field conditions for
the initiation of in vitro cultures.

in it for 10 min with continuous shaking followed
by treatment with 5% Hydrogen peroxide for 5
min, washed again with sterile water for three
times; explants were dried on sterile tissue paper
and cultured in jars after trimming.
Ethanol,
Hydrogen
peroxide
and
Mancozeb: The treatment of explants was done by
washing with 70% ethanol for 5 min, 0.5%
Mancozeb (optimized concentration after initial
experiments; data not shown) for 5 min, followed
by treatment with 5% hydrogen peroxide for 5 min
and 3 times washing with sterile distilled water.
Following each sterilization, the explants were
placed on medium in jars and the data for regeneration response and rate of contamination was recorded after two week of culture and analysed
statistically.

MATERIAL AND METHODS
The seedlings from six sweet potato breeding
lines grown in green house of Department of
Agricultural Genetic Engineering, Nigde University
were collected and transported to our laboratory.
The seedlings were rinsed under running tab water
and cut into appropriate size of 2cm segments (to
be used as explants in further experiments) in
length each containing 2 axial buds. The explants
were surface sterilized with different surface
sterilizing agents. All steps were performed in
laminar flow cabinet to maintain aseptic conditions.
Surface sterilization was performed in small bottles
(500 ml) and 12 explants of each line (in three
replications) were cultured in glass jars. The
cultures of disinfected seeds of both cultivars were
placed in growth chamber at 26° C and 45 μMol
photons m-2 s-1 light intensity in three replications.
All culture media used in the study were MS
medium solidified with 0.65 % agar and provided
with 3.0 % sucrose. All chemicals (agar, MS, sucrose) used in this study were purchased from
Duchefa Biochemie B.V. (Haarlem, the Netherlands) and Sigma-Aldrich Co. (St. Louis, MO,
USA). The pH was adjusted between 5.6-5.8 prior
to autoclave. Media were autoclaved at 104 kPa
atmospheric pressure and 120 °C for 20 min. The
cultures were incubated at 24±2°C with 16 hour
OLJKWV ȝPSO SKRWRQV P-2 s-1) photoperiod cool
white fluorescent tubes. Following sterilization
methods were employed:

RESULTS AND DISCUSSION
The explants of sweet potato collected from
field conditions for in vitro culture are heavily
contaminated with microbes especially with fungi
[6-7]. Clark et al.[6] and Thottappilly[7] compared
to the plants grown in a controlled environment that
can leads to poor germination. The present study
was conducted to compare different sterilizing
agents used for field or green house collected
explants of sweet potato.
NaOCl is believed a very efficacious
sterilizing agent and is used frequently for surface
sterilization of plants for in vitro culture [23]. The
exposure time of bleach and concentration varies
from species to species. Many sterilization
procedures based on bleach and 70 % ethanol rinse
are usually considered a good sterilizing procedures
for in vitro culture of many plants [24]. In this
study, we established the protocol that surface
sterilization executed with commercial bleach and
ethanol is not sufficient to disinfect plants from
microbes effectively as contamination was recorded
in cultures and thus poor germination as well.
These results are in agreement with earlier reports
of Bakhsh et al.[22] where we established that
above mentioned sterilizing agents are not
sufficient to establish complete aseptic conditions.
The recorded contamination rates among six
sweet potato lines (SP1-SP6) were 91.6%, 88.9%,
88.9%, 86.1%, 86.1% and 88% respectively when
ex-plants were treated only with sodium hypochlorite (Figure 1). There were no differences
among different sweet potato lines; NaOCl behaved
invariably. Likewise, the regeneration response of
sweet potato lines was recorded as 10.2%, 12.5%,
10.4%, 12.0%, 11% and 13.5% respectively using
only sodium hypochlorite (Figure-2). These results
are not in confirmatory with earlier reports which
have reported sodium hypochlorite as good

Sodium Hypochlorite: The explants were
immersed in 10% sodium hypochlorite with
continuous shaking. Explants were washed with
sterile autoclaved water, dried on sterile tissue
paper and cultured in glass jars containing medium
after trimming from base. The data for
contamination and regeneration response was
recorded after two weeks of surface sterilization.
Ethanol and Sodium Hypochlorite: Explants
were surface-sterilized by washing or immersing in
70% ethanol for 5-10 min with continuous shaking
followed by one washing with 10% sodium hypochlorite for 5 min. The surface-sterilized explants
were rinsed three times with sterile water each
washing for 5 min, dried on sterile tissue paper and
cultured in jars containing medium.
Ethanol and Hydrogen peroxide: The
explants were treated with 70% ethanol by dipping
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contamination and maximum regeneration response
among breeding lines was found in vitro cultures
that were surface sterilized with combination of
ethanol, H2O2 and Mancozeb. The percentage of
contamination in cultures was recorded as 5.2%,
6.1%, 5.2%, 5.0%, 5% and 4.1% respectively with
maximum regeneration %age of 90.2%, 92.5%,
90.7%, 96.4%, 91.2% and 93.6% respectively
showing this combination as the most effective one
(Figure 1 &2). The regenerated plants were healthy,
fresh and had robust growth in medium.
Mancozeb exhibits protective action on
contact with plant surface; is combinations of two
dithiocarbamates namely zineb and maneb. Earlier
Mancozeb has been used as a supplemented in MS
medium to make culture free of fungus contaminations [39]. Likewise, Sulaiman et al. [40] reported
maximized callus growth and development of Chilli
when Mancozeb was supplemented in MS medium
with various concentrations. However, we used
Mancozeb as surface disinfectant along with H2O2
for explants collected from open environment that
resulted in encouraging response.
As it is well established that surface sterilization is a significant phase for the micropropagation
of plants in in vitro conditions. We compared the
capability of different surface sterilizing procedures
for sterilization of ex-plants collected from open
environment. Based on our recorded data, we
conclude that Mancozeb in combination with
hydrogen peroxide is the best of all sterilization
procedures tested, with the lowest contamination
and highest regeneration response of sweet potato
cultivar.

sterilizing agents for sweet potato and many others
[17, 25, 26, 27, 28].
The combination of ethanol and sodium
NaOCl could not prevent our ex-plant cultures from
bacterial and fungal contamination. The recorded
contamination rates among sweet potato lines were
77.8%, 75%, 72.2%, 77.8%, 77.8% and 75%
respectively whereas response of regeneration was
noted as 25.2%, 23.1%, 20.5%, 28.4%, 22% and
29.5% respectively (Figure 1 &2). Our results are
not in agreement with the results of Ogero et
al.[26], Oyetayo et al.[29], Sivparsad et al. [30],
Wasser et al.[31] where ethanol and NaOCl were
reported as good sterilizing agents for the plant like
peach, soft rush, sweet potato and oil palm.
However, the results of ethanol in combination with
hydrogen peroxide (5%) were comparatively better
as compared to NaOCl and ethanol. The researchers
have reported these sterilizing agents successfully
(Rashid et al.[32], Maqbool et al.[33], Bakhsh et
al.[34] but we observed fungal contaminations in
our experiments. The recorded contamination %age
among sweet potato lines were 36.2%, 32.5%, 33%,
36.2%, 30.1% and 32% respectively whereas
response of regeneration was recorded as 68.1%,
66.5%, 66.5%, 63.2%, 61% and 68.5% respectively
(Figure1 &2).
Hydrogen peroxide (H2O2) has been reported
as effective surface sterilizing agent for plants like
Doug-las-¿UZD[FXUUDQWEDUOH\SLQHVFRWWRQVDIflower and Cucumis sativus with improved
germination [35, 36, 37]. In addition, hydrogen
peroxide is more effective than other sterilization
agents for plant tissue [38]. However, least

FIGURE 1
The percentage of contamination in sweet potato lines subjected to different sterilization procedures;
NaOCl in alone showed maximum contamination in cultures while H2O2 along with ethanol and
Mancozeb showed minimum contaminations in in vitro cultures.
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FIGURE 2
%age of regeneration response in sweet potato lines in in vitro conditions; explants sterilized with
combination of ethanol, H2O2 and Mancozeb resulted in maximum response among breeding lines.
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metallic compound. It is an endocrine-disrupting
chemical found in the food chain of aquatic animals
(especially fish, clams, and other crustaceans) that
reaches terrestrial organisms, including humans, via
food or direct inhalation (workers in ship manufacturing). An increase of environmental pollutants
in aquatic ecosystems is worrying due to their toxic
effects on aquatic organisms [1]. Environmental
endocrine-disrupting substances, such as TBT, can
cause gill and gonad abnormalities [2]. TBT is an
effective antibacterial and antifungal agent, and is
incorporated into dyes for this antifouling property.
However, it causes certain toxic effects on aquatic
organisms where water transportation is immense.
Therefore, restricting the use of TBT for that
purpose is advised [3,4]. TBT and its organotin
metabolites (such as dibutyltin and inorganic tin)
have been shown to accumulate in the tissues of
various experimental animal models [5,6] and cause
liver, nervous, and immune system disorders [7-9].
Absorption of inorganic tin and organotin compounds within the gastrointestinal system causes an
accumulation of organotins and inorganic tin after
metabolism of those organotins [10]. Determination
of inorganic tin in a mammalian body can be an
indicator of organotin exposure of this organism
[6,10]. Since TBT is unintentionally ingested via
aquatic food sources by humans, research focusing
on the effects on humans is important. A study by
Bertuloso et al.[11] showed that TBT caused alterations in the white adipose tissue of rats followed
by liver inflammation, lipid accumulation, an increase in the peroxisome proliferator activated
receptors (PPARy), a decrease in the protein expression of estrogen receptors (5Į , and, finally,
metabolic function malfunctioning of the liver and
pancreas.
Oxidative stress caused by environmental
pollutants triggers an augmentation in free radicals
and loss of antioxidant enzyme sources or suppression of those enzymes with time. Therefore, the
state of antioxidant balance is important for the
determination of the toxic effects of pollutants [12],
if it is known that environmental pollutants increase
free radicals and disturb antioxidant balance. TBT
causes the diminution of antioxidant enzyme super-

ABSTRACT
The aim of this study was to determine the in
vivo healing and possible protective HIIHFWV RI ȍ-3
against acute Tributyltin (TBT) toxicity in different
tissues of rats. TBT, a tin-containing organometallic
antifouling compound, is known for its adverse
effects on aquatic as well as terrestrial organisms.
Five groups, with seven rats each, were used in the
experiments. The groups were designed as: (I)
normal control, (II) vehicle control, (III) TBT (5
PJNJGD\  ,9  ȍ-3 (250 mg/kg/day), and (V)
7%7ȍ-3 (5 mg/kg/day + 250 mg/kg/day). Liver,
kidney, spleen, and gonad tissues were assessed for
their superoxide dismutase, glutathione peroxidase
(GPx), glutathione reductase, and glutathione Stransferase activity levels, and changes in the
glutathione (GSH) and malondialdehyde (MDA)
levels, as well as serum biochemical parameters.
TBT administration was found to alter the lactate
dehydrogenase, total cholesterol, and low-density
lipoprotein cholesterol significantly. MDA in the
kidney showed a significant increase in the TBT
administration compared to the control and vehicle,
and a significant dHFUHDVH LQ WKH ȍ-3-administered
groups. In the liver and spleen, the GPx showed a
significantly low level of TBT compared to the
control and vehicle, whereas it was significantly
LQFUHDVHGLQWKHȍ-DQG7%7ȍ-3 groups compared to the TBT group. As a result, TBT was found
to cause an increase in the lipid peroxidation, a
deterioration in the lipid profile and biochemical
parameters, a decrease in the GSH, and a loss of
DQWLR[LGDQW GHIHQVH HQ]\PH DFWLYLW\ ZKHUHDV ȍ-3
was found to ameliorate some of those hazardous
impacts.

KEYWORDS:
Tributyltin, Omega-3, Serum damage biomarkers, Antioxidant defense system, Lipid profile, Malondialdehyde

INTRODUCTION
Tributyltin (TBT) is a tin-containing organo3068



© by PSP

Volume 26 ± No. 4/2017 pages 3068-3077

Fresenius Environmental Bulletin




animals were fed a diet based on wheat and soy
bean meal, and water ad libitum in stainless cages.
They received humane care according to the criteria
outlined in the Guide for the Care and Use of
Laboratory Animals prepared by the National Academy of Science and published by the National
Institutes of Health. The ethics regulations were
followed in accordance with national and institutional guidelines for the protection of animal welfare during the experiments. Animal research was
conducted according to the ARRIVE guidelines for
animal research. Ethical permission was obtained
from the Ethical Committee of the Yuzuncu Yil
University under protocol number 25.02.2016/02.

oxide dismutase (SOD) in different organisms,
whereas it causes an increase in the peroxidase
(POD) activity and malondialdehyde (MDA) formation [1].
Food sources from an aquatic environment do
not only supply hazardous chemicals, they also
offer healthy biological compounds to humans. Fish
oil containing Omega-3 (ȍ-3) polyunsaturated fatty
acid (PUFA) has been proven to have various health
benefits. ȍ-3 PUFA is a modulator which suppresses the formation of reactive oxygen species
(ROS), lowers blood lipid levels and blood pressure, and prevents thrombosis [13]. Omega-3 PUFAs
have been shown to exert beneficial activity for
cardiovascular disease, mental disorders, obesity,
inflammatory diseases, and various diseases such as
cancer [14].
Since ȍ-3 PUFA and TBT are consumed via
aquatic food sources, this study aimed to assess any
protective effect of ȍ-3 PUFA against the hazardous impact of TBT on different tissues. The effects
of TBT on marine animals have been studied in detail; however, this study was aimed to assess the
effects of TBT on a mammal model. Liver, kidney,
spleen, and gonadal tissues were evaluated for their
SOD, gluthation peroxidase (GPx), gluthation
reductase (GR), gluthation S-transferase (GST)
activity levels and changes in reduced gluthation
(GSH), and MDA levels, as well as serum biochemical parameters. In addition, it was aimed to
assess the protective role of ȍ-3 PUFA on the
possible negative impact of TBT.

Experimental design. The rats were randomly divided into five groups, each containing seven
rats. Selection of the dosage was conducted according to the relevant methods of Mitra et al [21].
Control group: The rats received tap water
and were fed a standard pellet diet ad libitum.
Vehicle (Tween 80) group: The rats received corn
oil and the tween 80 mixture. Water and food were
given ad libitum.
Tributyltin (TBT) group: TBT was given at a
dose of 5 mg/kg/day, and the rats received tap water
and were fed a standard pellet diet ad libitum.
Omega- ȍ-3) group: ȍ-3 oil was given at a
dose of 250 mg/kg/day, and the rats received tap
water and were fed a standard pellet diet ad libitum.
In addition, selection of the dosage was conducted
according to GOED [45].
7%7ȍ-3 group: TBT and ȍ-3 oil were given
at a dose of 5 mg/kg/day and 250 mg/kg/day,
respectively. The rats also received tap water and
were fed a standard pellet diet ad libitum.

MATERIALS AND METHODS
Chemicals. The TBT, thiobarbituric acid
(TBA), butylated hydroxytoluene (BHT), trichloroacetic acid (TCA), ethylenediaminetetraacetic
acid (EDTA), GSH, metaphosphoric acid (MPA),
5,50dithiobis-(2-nitrobenzoic acid) (DTNB), trashydroxymethyl aminomethane (THAM), 1-chloro-2,
4-dinitrobenzene (CDNB), oxidized glutathione (G
SSG), B-Nicotinamide adenine dinu-cleotide phosphate (NADPH), potassium dihy-drogene-phosphate (KH2PO4), and sodium chloride (NaCl) used
in this study were of technical grade and ob-tained
from Sigma Chemical (St Louis, MO, USA). Kits
for the analysis of the antioxidant enzymes were obtained from Randox Laboratories (Crumlin, County
Antrim, UK).

Antioxidative parameters. Tissue MDA level
was determined using the method defined by Jain et
al. [15], which aims to measure the TBA reactivity.
Tissue was found to reduce the GSH concentration
measure with the method described in Beutler et
al.[16]. The GST was measured according to the
conjugation of glutathione with1-chloro-2,4-dinitrobenzene (CDNB) and measured at 340 nm [17].
The GR activity was assessed by assessing the
decrease in the absorbance of NADPH according to
method of Carlberg and Mannervik [18] at 340 nm.
The GPx activity was assessed based on the method
given by Paglia and Valentine [19]. This method is
based on the GPx catalysis of oxidation of GSH by
cumene hydroperoxide. Oxidized GSH is converted
to its reduced form with the oxidation of NADPH
with presence of glutathione reductase and
NADPH. A decrease in absorbance at 340 nm can
be measured under a spectrophotometer. The SOD
activity was measured by calculating the inhibition
percentage of the formazan dye formation at 505
nm [20].

Animals. Male rats (Wistar albino), aged 2±3
months, with an average weight 200±300 g, were
provided from the Experimental Animal Research
Center, Yuzuncu Yil University (Van, Turkey), and
were housed in five groups, with each group containing seven rats. The animals were housed at 20 ±
2 °C at a light/dark photoperiod of 12:12. All of the
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TABLE 1
Effects of T%7DQGȍ-3 on some biochemical parameters in rats.

Groups

AST (U/L)

ALT (U/L)

LDH (U/L)

CRE (mg/dL)

Urea (mg/dL)

UA (mg/dL)

TP (g/dl)

Control

121.31±13.3

44,37±2.77

658.83±145.45

0.36±0.04

38.90±2.14

2.70±0.42

6.72±0.28

Vehicle
TBT

131.12±16.88
129.04±17.95

42,04±4.17
46,37±6.17

725.33±123.82
918.50±102.45a,b

0.38±0.09
0.31±0.02a

36.15±2.39
41.80±8.67

2.62±0.41
2.91±0.67

6.74±0.30
6.75±0.17

ȍ-3

114.51±19.60

48,14±6.82

681.17±80.75c

0.27±0.02a,b,c

37.35±4.91

2.93±0.86

6.71±0.19

2.85±0.32

6.93±0.27

7%7ȍ

116.70±14.71

43,09±6.39

817.83±114.91

d

0.28±0.03

a,b

32.62±3.15

a,b,c,d

Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when (p<0.05).
a Different from the control group, b Different from the Vehicle group, c Different from the TBT group,
d
'LIIHUHQWIURPWKHȍ-3 group, e 'LIIHUHQWIURPWKH7%7ȍ-3 group.
AST: Aspartate amino transferase; ALT: Alanine aminotransferase; LDH: Lactate dehydrogenase; CRE: Creatinine;UA:
8ULFDFLG737RWDOSURWHLQ9HKLFOH 7ZHHQ 7%77ULEXW\OWLQȍ-3: Omega-7%7ȍ-3: Tributyltin+Omega-3.

TABLE 2
Effects of T%7DQGȍ-3 on lipid profile in rats.
Groups

TC (mg/dl)

TG (mg/dl)

LDL-C (mg/dl)

HDL-C (mg/dl)

VLDL-C (mg/dl)

Control
Vehicle

127.17±19.24
124.17±25.51

68.83±7.36
70.50±5.50

45.56±6.85
43.72±4.76

52.33±6.12
53.83±9.87

30.75±7.85
27.82±6.46

TBT

156.17±24.32a,b

77.17±7.88

49.25±6.09

44.00±8.94

29.56±5.98

ȍ-3

144.67±25.54

65.67±9.24c

46.71±6.39

66.50±9.27a,b,c

31.26±7.57

7%7ȍ-3

146.83±30.90

64.83±7.88c

47.43±6.52

60.01±4.33a,c

28.69±6.93

Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when ( p<0.05).
a
Different from the control group, b Different from the Vehicle group, c Different from the TBT group,
d
'LIIHUHQWIURPWKHȍ-3 group, e 'LIIHUHQWIURPWKH7%7ȍ-3 group.
TC: Total cholesterol; TG: Triglycerides; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein
cholesterol; VLDL:
9HU\ORZGHQVLW\OLSRSURWHLQFKROHVWHURO9HKLFOH 7ZHHQ 7%77ULEXW\OWLQȍ-3: Omega-7%7ȍ-3:
Tributyltin+ Omega-3.

 ȍ-3 administration alone or with TBT lowered the CRE levels significantly (P < 0.05). The urea
level was lowest in the 7%7ȍ-3 group (Table 1).

Biochemical parameters. Aspartate aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH), triglyceride (TG),
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), creatinine (CRE), urea, uric acid
(UA), and total protein (TP) were measured using
an auto analyzer (COBAS8000/ROCHE/ Germany/
SerialNo.1296-08) using Roche kits.

(IIHFWV RI 7%7 DQG ȍ-3 on Lipid profile.
The TC value was highest in the TBT group (P <
0.05). The TG value was lowered with the
administration of ȍ-3 alone or with TBT P < 0.05).
The increase in HDL was significant in the ȍ-3 and
7%7ȍ-3 groups (P < 0.05). The HDL value was
lowest in the TBT group without significance. The
low-density lipoprotein cholesterol (LDL-C) value
was highest in the TBT group (P > 0.05) (Table 2).

Statistical analysis. All of the data were
expressed as the mean ± standard deviation (SD).
The statistical analyses were made using the
Minitab 13 packet program for windows. The
means and standard deviations were calculated
according to the standard methods for all of the
parameters. The one-way analysis of variance
(ANOVA) statistical test was used to determine the
differences between the means of the experimental
groups, accepting the significance level at P d 0.05.

(IIHFWVRI7%7DQGȍ-3 on MDA content in
various tissues. In the liver, the MDA value was
highest in the TBT group without significance
)LJ KRZHYHUWKH0'$YDOXHLQWKHȍ-3 group
was significantly lower in this organ (P < 0.05).
MDA value in the kidney showed a significant
increase with TBT administration compared to the
control and vehicle, and a significant decrease in
WKHȍ-3 administered groups.

RESULTS
(IIHFWV RI 7%7 DQG ȍ-3 on biochemical
parameters. 7%7DGPLQLVWUDWLRQDORQHRUZLWKȍ-3
caused a significant increase in the LDH levels (P <

(IIHFWVRI7%7DQGȍ-3 on GSH content in
various tissues. The GSH levels in the liver
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(IIHFWV RI 7%7 DQG ȍ-3 on body weight.
Changes beginning and final body weight (BW) in
control and experimental groups are shown in
(Figure 3). The difference between the first and last
live weights was not statistically significant (P <
0.05). However, according to the first live weight,
the last weight decrease in the TBT group and a
slight increase in the other groups were observed.

showed a significant decrease with the vehicle
administration and a significant increase in the ȍ-3
DVZHOODVWKH7%7ȍ-3 groups (P < 0.05) (Fig.2).
The GSH levels in the kidney and spleen showed no
significant alterations with the administered
substances. The GSH levels in the testis increased
significantly with ȍ-3 administration (P < 0.05).

Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when ( p<0.05).
a
Different from the control group, b Different from the Vehicle group, c Different from the TBT group,
d
'LIIHUHQWIURPWKHȍ-3 group, e 'LIIHUHQWIURPWKH7%7ȍ-3 group.
TC: Total cholesterol; TG: Triglycerides; LDL-C: Low-density lipoprotein cholesterol; HDL-C: Highdensity lipoprotein cholesterol; VLDL:
Very low density lipoprotein cholesterol; Vehicle (TZHHQ   7%7 7ULEXW\OWLQ ȍ-3: Omega-3;
7%7ȍ-3: Tributyltin+Omega-3.
FIGURE 1
Effects of T%7DQGȍ-3 on MDA content in various tissues of rats.

Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when ( p<0.05).
a
Different from the control group, b Different from the Vehicle group c Different from the TBT group, d
'LIIHUHQWIURPWKHȍ-3 group
e
'LIIHUHQWIURPWKH7%7ȍ-3 group
GSH: Reduced glutatKLRQH9HKLFOH 7ZHHQ 7%77ULEXW\OWLQȍ-3: Omega-7%7ȍ-3:
Tributyltin+Omega-3.
FIGURE 2
(IIHFWVRI7%7DQGȍ-3 on GSH content in various tissues of rats.
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Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when ( p<0.05).
a
Beginning BW differen from the final BW
%RG\:HLJKW %: 9HKLFOH 7ZHHQ 7%77ULEXW\OWLQȍ-3: Omega-7%7ȍ-3:
Tributyltin +Omega-3.
FIGURE 3
Effects of TBT anGȍ-3 on body weight
TABLE 3
Effects of TBT and ȍ-3 on antioxidant defense systems in various tissues of rats.

Testis

Spleen

Kidney

Liver

Tissue

Parameters

Control

GROUPS
Vehicle

TBT

Omega- 3

TBT+Omega-3

31.17±1.70
0.33±0.07
84.82±17.51a,b

34.01±5.80
0.25±0.04c
122.36±25.37c

35.57±2.78c
0.25±0.03c
99.81±15.35a,b

GST U/g
GR U/g
GPx U/g

35.18±4.30
0.32±0.09
131.93±30.00

33.69±2.46
0.31±0.07
124.63±13.64

SOD U/g

2072.78±19.97

2064.66±36.08

2084.69±8.95

2084.62±28.46

2127.92±103.41

GST U/g

7.86±1.25

7.60±0.55

7.31±0.80

6.55±0.46a,b

7.65±0.89d

a,b

0.14±0.01

a,b

GR U/g

0.11±0.02

0.11±0.02

0.16±0.03

GPx U/g

64.25±11.55

55.54±6.27

36.62±8.18a,b

53.27±18.33a,b

0.13±0.03
43.43±5.45

SOD U/g

2268.15±19.16

2261.21±21.63

2251.24±44.88

2242.08±13.60a

2236.54±19.17a

GST U/g
GR U/g

4.10±0,93
0.10±0.01

4.02±0.49
0.10±0.01

4.26±0.30
0.14±0.05

3.95±0.37
0.14±0.05

4.11±0.49
0.13±0.04

GPx U/g

53.28±14.28

48.29±7.47

30.19±5.50a,b

49.95±12.96c

39.66±12.36

SOD U/g

2189.16±22.78

2204.71±23.59

2213.79±33.10

2223.90±11.43

GST U/g
GR U/g

25.41±3.60
1.35±0.08

26.28±1.52
1.35±0.05

25.33±1.15
1,37±0.07

25.09±2.93
1.16±0.21c

GPx U/g

42.68±11.80

45.39±10.34

43.81±11.19

SOD U/g

2276.72±15.22

2264.87±13.75

2297.68±27.91

2286.86±5.09

2220.17±12.14a
26.51±1.77
1.30±0.06

47.59±10.26
b

a

51.38±13.68
b

2288.44±10.34b

Data are expressed as mean ± S.D. One way ANOVA followed by Tukey test, when appropriate (n=7).
Differences between groups were considered to be significant when ( p<0.05).
a
Different from the control group, b Different from the Vehicle group, c Different from the TBT group, d Different
IURPWKHȍ-3 group,
e
'LIIHUHQWIURPWKH7%7ȍ-3 group.
GST: Glutathione S-transferase; GR: Glutathione reductase; GPx: Glutathione peroxidase; SOD: Superoxide
GLVPXWDVH9HKLFOH 7ZHHQ 7%77ULEXW\OWLQȍ-3: Omega-7%7ȍ-3: Tributyltin+Omega-3.
Effects of TBT DQG ȍ-3 on antioxidant
defense systems in various tissues. Liver. The
GST value was lowest in the TBT group (Table 3)
without significance and highest in the 7%7 ȍ-3
group (P < 0.05). The GR value was significantly
lower in the ȍ-3 DQG 7%7 ȍ-3 groups compared

to the TBT group (P < 0.05). The GPx value was
significantly lower in the TBT group compared to
the control and vehicle, whereas it was significantly
higher in the ȍ-3 and 7%7ȍ-3 groups compared
to the TBT group (P < 0.05).
3072



© by PSP

Volume 26 ± No. 4/2017 pages 3068-3077

Fresenius Environmental Bulletin





Kidney. The GST level was lower in the ȍ-3
group compared to the control and vehicle, whereas
it was high in the 7%7ȍ-3 group compared to the
ȍ-3 group alone (P < 0.05). The GR level was highest in the TBT group compared to the control and
vehicle (P < 0.05). The SOD level was significantly
lower LQȍ-3 and 7%7ȍ-3 groups compared to the
control.
Spleen. The Gpx value was decreased
significantly in the TBT group compared to the
FRQWURODQGYHKLFOH)ROORZLQJDGPLQLVWUDWLRQRIȍ3, the GPx value was increased significantly compared to the TBT group. The SOD value was significantly higher in the ȍ- DQG 7%7 ȍ-3 groups
compared to the control.
Testis. The GR value was significantly lower
in the ȍ-3 group compared to the TBT group. The
SOD value was significantly higher in the 7%7ȍ3, and 7%7ȍ-3 groups compared to the vehicle.

and doxohexaenoic acid (DHA) should be
PHQWLRQHGȍ-3PUFA is a natural antioxidant source and is important for preventing cardiovascular
diseases, mental diseases, obesity, inflammation,
and cancer [14]. In addition, with the help RI ȍ-3
fatty acids, immune system augmentation, cancer
prevention, support to brain, retina, sperm and skin
cells, regulation of blood glucose, prevention of
blood coagulation, and protection against rheumatic
diseases with its antiinflammatory property are well
known.
In this study, TBT caused an important
increase in the LDH and CRE values, which are
among liver and kidney function tests, ZKHUHDVȍ-3
decreased this damage greatly (Table 1). In addition, the 7%7ȍ-3 group showed a significant decrease in the urea value compared to the other groups. For other parameters, although insignificant, the
TBT group showed an increase and the ȍ-3 group
showed a decrease. In a study by Mitra et al. [21],
with TBT at doses 1 and 5 mg/kg; total bilirubin;
AST and ALT, which are liver function tests as well
as urea; UA; CRE; and BUN values, which are
indicators of kidney function, were increased dosedependently, but these alterations were insignificant. In another study by Bertulose et al. [11],
glutamic pyruvic transaminase (GPT) and glutamicoxaloacetic transaminase (GOT) values were increased compared to the control in rats administered
TBT for 15 days at a dose of 1 ug/kg/day. Those
findings are in parallel with our results. Since
exposure to various toxic chemical substances cause
the disruption of tissue or organ cell membrane
integrity and leakage of cytoplasmic biochemical
parameters, such as AST, into blood serum. Those
enzymes and substances have been found in elevated concentrations in the blood following such
exposures [31-34]. TBT was found to exert a
negative impact on the lipid profile parameters
given in Table 2. TBT caused a significant increase
in the TC values (P < 0.05) ,whereas the 7%7ȍ-3
group showed similar values as the control group.
In addition, the TG values in the ȍ-3 and 7%7ȍ-3
groups showed a significant decrease compared to
the TBT group (P < 0.05). In other parameters, no
statistically significant difference was observed
between the groups. Specifically, ȍ-3 administration was seen to be effective in the alleviation of
the negative impact of TBT on the lipid profile.
Mitra et al. [21] and He et al.[29] reported an
increase in the TC and TG values with the
administration of TBT, whereas Bertuloso et al.[11]
reported no significant alteration in the TC, LDL-C
and HDL-C values with TBT administration. In our
study, TBT caused prominent changes in the TG,
TC, and HDL-C values, but without such important
changes in the LDL-C and VLDL-C values. Apart
from those studies in the literature, our study
presented an increase in the HDL-C value in the ȍ-

DISCUSSION
TBT has been used as a heat stabilizer,
agricultural pesticide, and antifouling agents on
ships, boats, and fish-farming nets; however, the
neurotoxicity, immunotoxicity, and organ toxicity
(especially lung, liver, gonads, and kidney) of TBT
have recently become a concern. Isolated studies of
TBT toxicity on different organs are available but
consolidated information is greatly lacking [21].
TBT has been suggested to stimulate the generation
of ROS inside cells [22]. Many xenobiotics, such as
pesticides, may cause oxidative stress leading to the
generation of ROS and alterations in antioxidants or
free oxygen radicals scavenging enzyme systems in
aquatic organisms [23,24].
Environmental endocrine disruptive TBT has
toxic effects on aquatic animals [25-28] and it has
been reported that it may have toxic effects on
mammals [21,22,29]. Studies concerning the
hazardous effects of TBT on different tissues of
experimental animals rather than aquatic animals
are not as common. In this study, we have aimed to
investigate the effects of TBT on tissues such as the
liver, kidney, spleen, and testis, as well as the serum
biochemical parameters in rats administered
5mg/kg/day for 28 days with gavage and any
ameliorating effect of omega-3 (250mg/kg/day)
against the possible hazardous effects of TBT.
Marine fish are rich in unsaturated fatty acids
such as ȍ-3. Those fatty acids are important
modulators in some physiological processes and in
preventing some human diseases [30]. Since the
human body is lacking the desaturase enzyme, ȍ-3
and ȍ-6 PUFA cannot be synthesized and they
must be obtained from food sources. Among
LPSRUWDQW ȍ-3±containing fatty acids, alpha
linolenic acid (ALA), eicosapentaenoic acid (EPA),
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 JURXS 5HJXODU FRQVXPSWLRQ RI ȍ-3 PUFA has
been found to be effective in the attenuation of
plasma TG, LDL, and risk factors for cardiovascular diseases such as thrombocyte aggregation,
inflammatory diseases, and endothel dysfunction
[35].
The MDA levels of the liver and kidney
tissues of the TBT-exposed rats were significantly
higher compared to the control (Figure 1). In
addition, the liver tissue of the ȍ-3 group, and
kidney tissues of the ȍ-3 and 7%7ȍ-3 groups,
presented important decreases in the MDA levels
compared to the TBT group. The increase in the
MDA level in the TBT group may be due to the
increase of free radicals formed during oxidative
stress by TBT intoxication. Chemicals such as
organophosphate insecticides are known for their
lipid peroxidizing effect in vertebrates [36,37].
Oxidative stress is known to induce oxidative
damage of cellular molecules such as lipids,
proteins, and DNA, and has been linked to the
development of inflammation and metabolic diseases [38]. Lipid peroxidation is formed via a chain
reaction in which the hydroxyl radical has profound
effects [39].
In a study by Zhou et al. [1], oysters were
exposed to TBT at doses 2.10 and 50 ng/L and a
dose-dependent fashion formation of MDA was
observed. Not only toxic substances, but also
endocrine disruptive chemicals, such as bisphenol
A, were also found to increase the MDA levels in
fertilized eggs of Van fish (Chalcalburnus tarichi)
[40]. A decrease of the MDA levels in the liver
tissue, GXH WR ȍ-3 administration, and in kidney
tissue, GXH WR FRQFRPLWDQW DGPLQLVWUDWLRQ RI ȍ-3
and TBT, suggests a radical scavenging activity of
ȍ-3 in this experimental setup, because there exists
a reverse relation between oxidative stress and
DQWLR[LGDQW ȍ-3 PUFA uptake [31]. As was stated
in study by Ramezani et al.[41], ȍ-3 consumption
causes a synergistic effect on adiponectin gene
expression and peroxisome proliferator receptor
gamma (PPARg).
The GSH values in the liver tissues of the ȍ-3
and 7%7ȍ-3 groups were significantly higher
compared to the control and vehicle groups. The
GSH values in the testis were significantly higher in
the ȍ-3 group compared to the control, vehicle, and
TBT groups. In the kidney and spleen tissues,
alterations among the groups for the GSH value
were not significant (Figure 2). Since TBT has an
endocrine-disruptive nature, it causes infertility and
growth retardations [11,27]. In addition, TBT has
been shown to cause organ failure and mental
retardations [11,21,22,29]. With this current study,
ȍ-3 was found to exert an ameliorating activity,
which suggests an alleviating impact on people
H[SRVHG WR 7%7 ZKLOH FRQVXPLQJ ȍ-3
FRQFRPLWDQWO\ ȍ-3 has been reported as an

important antioxidant and may play a role in preventing oxidative stress and free radical formation
[42,43]. Sustaining a certain level of GSH in
animals is of vital importance for maintaining
metabolic activities. A decrease or lack of GSH
may augment oxidative stress risk [35]. Antioxidant
enzymes studied in this research, such as GST, GR,
GPx, and SOD, were found to exhibit different responses to TBT intoxicatioQDQGȍ-3 administration
(Table 3). Specifically, the GPx activity was atenuated significantly with TBT use in the liver, kidney, and spleen tissues, whereas the ȍ-3 group
possessed important activity compared to the TBT
group. The enzyme activities of other tissues were
similar; a decrease in the TBT group and an
increase in the ȍ-3 and 7%7ȍ-3 groups compared
to the TBT group was observed in the GST enzyme
activity. Zhou et al. [1] showed that abalone
(Haliotis diversicolor supertexta) exposed to different doses of TBT caused a decrease in the SOD
activity and an increase in the POD activity.
Ishihara et al. [22] found that different doses of
TBT caused a dose-dependent significant decrease
in the GST activity and insignificant decreases in
the GPx and GR activities. Such a decrease in the
GST activity, which is on the contrary with our
findings, may be related to the TBT dosage,
methodology, and in vitro study in cell culture
rather than the in vivo study. It may also be related
to a possible negative impact of TBT on enzyme
activities found within the GSH pool. Alterations
observed in different groups in the studied organs
may be related to an initial response to this toxic
substance; however, in prolonged exposure, balance
between the oxidants and antioxidants may proceed
into an R[LGDQW GRPLQDQFH ȍ-3, which is a wellknown antioxidant, may ameliorate this loss and
replenish those enzymes, which end up with
increased activity.

CONCLUSION
In this study, the effect of TBT on the biochemical parameters and lipid profile as well as the
MDA and GSH content, and GST, GR, GPx, and
SOD enzyme activities in the liver, kidney, spleen,
and testis tissues were studied as a whole for the
first time. The effect of TBT on the liver and kidney
biomarkers as well as lipid profile were negative. In
addition, it caused a decrease in the GPx activity in
the liver, kidney, and spleen tissues and caused an
important increase in the MDA levels in the liver
and kidney tissues. This study is different from
other related studies in the literature concerning the
hazardous effects of TBT due to the WHVWLQJRIȍ-3
as a protective or alleviating substance against such
hazardous effects. As a result, TBT was found to
cause an increase in the lipid peroxidation, de3074
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Santos Fernandez, M.A. (2013) Organotins: a
review of their reproductive toxicity, biochemistry, and environmental fate. Reprod
Toxicol 36, 40±52.
[5] Krajnc, E.I., Wester, P.W., Loeber, J.G., van
Leeuwen, F.X., Vos, J.G., Vaessen, H.A., van
der Heijden, C.A. (1984) Toxicity of bis(tri-nbutyltin) oxide in the rat. I. Short-term effects
on general parameters and on the endocrine and
lymphoid systems. Toxicol Appl Pharmacol 30,
363±386.
[6] Dorneles, P.R., Lailson-Brito, J., Fernandez,
M.A., Vidal, L.G., Barbosa, L.A., Azevedo,
A.F., Fragoso, A.B., Torres, J.P., Malm, O.
(2008) Evaluation of cetacean exposure to
organotin compounds in Brazilian waters
through hepatic total tin concentrations.
Environ Pollut 156(3), 1268±1276.
[7] Tafuri, S.R. (1996) Troglitazone enhances
differentiation, basal glucose uptake, and Glut1
protein levels in 3T3-L1 adipocytes. Endocrinology 137, 4706±4712.
[8] Grote, K., Andrade, A.J., Grande, S.W.,
Kuriyama, S.N., Talsness, C.E,, Appel, K.E.,
Chahoud, I. (2006) Effects of peripubertal
exposure to triphenyltin on female sexual
development of the rat. Toxicology 222, 17±24.
[9] Grondin, M., Marion, M., Denizeau, F.,
Averill-Bates, D.A. (2007) Tributyltin induces
apoptotic signaling in hepatocytes through
pathways involving the endoplasmic reticulum
and mitochondria. Toxicol Appl Pharmacol
222(1), 57±68.
[10] Appel, K.E. (2004) Organotin compounds:
toxicokinetic aspects. Drug Metab Rev 36,
763±786.
[11] Bertuloso, B.D., Podratz, P.L., Merlo, E., de
Araújo, J.F.P., Lima, L.C.F., de Miguel, E.C.,
de Souza, L.N., Gava, A.L., de Oliveira, M.,
Alves, L.M., Carneiro, M.T.W.D., Nogueira,
C.R., Graceli, J.B. (2015) Tributyltin chloride
leads to adiposity and impairs metabolic
functions in the rat liver and pancreas.
Toxicology Letters 235, 45±59.
[12] Bernanke, J., Köhler, H.R. (2009) The impact
of environmental chemicals on wildlife vertebrates. Rev Environ Contam Toxicol 198, 1±47.
[13] Demaison, L., Moreau, D. (2002) Dietary n-3
polyunsaturated fatty acids and coronary heart
disease-related mortality: a possible mechanism of action. Cell Mol Life Sci 59, 463±477.
[14] Ruxton, C.S.H., Reed, S.C., Simpson, M.J.A.,
Millington, K.J. (2004) The health benefits of
omega-3 polyunsaturated fatty acid: a review
of the evidence. J Hum Nutr Diet 17, 449±459.
[15] Jain, S.K., McVie, R., Duett, J., Herbst, J.J.
(1989) Erythrocyte membrane lipid peroxidation and glycolylated hemoglobin in diabetes. Diabetes 38, 1539±1543.

terioration in lipid profile and biochemical parameters, and decrease in the GSH and loss of
antioxidant defense enzyme activity, ZKHUHDV ȍ-3
oil was found to ameliorate some of those hazardous impacts.

ABBREVIATIONS
AST, Aspartate amino transferase; ALT,
Alanine aminotransferase; LDH, Lactate dehydrogenase; CRE, Creatinine; UA, Uric acid; TP, Total
SURWHLQ7%77ULEXW\OWLQȍ-3, Omega-7%7ȍ3, Tributyltin+Omega-3; TC, Total choles-terol;
TG, Triglycerides; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; VLDL, Very low density lipoprotein cholesterol; GST, Glutathione S-transferase;
GR, Glutathione reductase; GPx, Glutathione
peroxidase; SOD, Superoxide dismutase; MDA,
Malondialdehyde; GSH, Reduced glutathione.
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industrial wastewater. The existence of organic dyes
in wastewater have a negative effect on the aquatic
organisms because they reduces the penetration of
sunlight [4±7]. They can threat aquatic life by giving
rise to failure in brain and central nervous system as
well as the function of kidneys, reproductive system
[8, 9]. Therefore, the treatment of their wastewaters
is one of the most important issues requires to be
resolved [10±18]. There are three main methods, as
physical, chemical, and biological for the removal of
dyes from aqueous solutions [19-23]. The popular
methods for treatment of dye-containing
wastewaters are not only adsorption, chemical
oxidation or reduction, chemical precipitation, but
also reverse osmosis, ion exchange, solvent
extraction, membrane filtration, coagulation [24].
One of the most promising methods for the removing
of synthetic dyes from the wastewater is the
adsorption. It is a simple, effective and low-cost
process compared to other processes [26,27]. The
adsorption is an effective method [28±30].
Activated carbon is one of the most available
adsorbent. However, it is expensive [31-33].
Researchers have been need to seek low cost
adsorbent to be used as replacement for the activated
carbon. Recently, many researcher showed that
natural and eco-friendly materials, such as bentonite,
zeolites, siliceous material, chitosan, rice hull,
eggshell can be used as lost-cost alternative
adsorbents for the adsorption of synthetic dyes
removal from the wastewater [34-39]. Animal bones
like fish bone can be a good candidate for the ecofriendly and low-cost adsorbent. Moreover, the
disposal of fish bones can be assessable by using
them as eco-friendly alternative adsorbents. The fish
bones are comprises of 30% organic compounds and
70% and inorganic by weight. Also the inorganic
fragment
mainly
includes
hydroxyapatite
Ca10(PO4)6(OH)2 which is a high removal capacity
for metals and cationic molecules [40±42].
However, fish bone causes a great amount of waste
for the prepared fish industry.
Malachite green has been applied widely for
the dyeing of leather, silk, wool and when it contacts
with the skin it causes a redness and pain on the skin
due to its high toxicity and also it can

ABSTRACT
In this study, the removal of Malachite Green
synthetic dye from aqueous environment was
investigated using Sparus aurata as a source of fish
bone. The removal efficiency of the adsorbent was
investigated as a function of time and dye
concentration via batch method at room temperature.
The correlation coefficient values indicate that the
data fit the Freundlich Isotherm (R2= 0,9861) better
than the Langmuir Isotherm (R2=0,3695). The
thermodynamic and reaction kinetic of Malachite
Green from the aqueous solution were determined
and correlated to pseudo-second order kinetic
models and the experimental data revealed that
pseudo-second order kinetic model is available to
experimental data. Gibbs free energy value was
found to be -1.308 kJ/mol and indicating the
spontaneity of the system. Thermodynamic
parameters exhibited that the adsorption process was
VSRQWHQRXV ǻ* $FFRUGLQJWRWKHH[SHULPHQWDO
results, the Sparus aurata bone can be used as an
appropriate adsorbent for the removal of Malachite
Green synthetic dye.

KEYWORD:
Adsorption, dye, removal, environment, kinetic, isotherm.

INTRODUCTION
Textile, paper, tanning, printing, dyestuffs,
food and cosmetics industries use synthetic dyes [1].
These industries consume large volume of water as
well as dyes. There are more than 100,000 different
dye structures have been synthesized for the [2]
industrial applications. These dyes can be divided
into different groups, such as anionic, cationic, and
nonionic [3]. The cationic dyes are especially used
in our daily life. However, these dyes are extremely
toxic, hazardous, non-biodegradable and mutagenic
agents for the body. These dyes cause irritation,
itching, scaling for human body. Moreover,
synthetic dyes are common water pollutants, and
they may frequently be found in trace quantities in
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TABLE 1
Chemical Structure and Characteristics of Malachite Green
Malachite green
364.90
Moleculer weight (g/mol)
Green
Color
619
ȜPD[ QP
<90%
Dye purity
C23H25CIN2
Chemical formula

Structure

Adsorption Experiments. Adsorption studies
were performed in 100 mL Erlenmeyer Flasks
including 0.5 g of fish bones with 30 mL of
Malachite green solution. All the adsorption
experiments were performed at room temperature
(25oC) via batch method and five sets (50 mg/L, 100
mg/L, 200 mg/L, 400 mg/L, 800 mg/L). The solution
was shaken by a mechanical shaker (Edmund Bühler
GmbH) at the constant agitation time (75rpm) during
160 min. Then the supernatant was centrifuged at
4000 rpm and 10 minutes in a centrifuge (Hettich
Zentrifugen) after the batch tests. The absorbance of
Malachite Green was measured at maximum
nm)
by
UV±VIS
ZDYHOHQJWK
Ȝmax:619
Spectrophotometer (T 90 ).
For the contact time experiments, the initial dye
concentrations were varied from 50 to 800 mg/L.
The incubation time was tested in a time from 5 to
160 min. All experiments were repeated twice. The
removal efficiency of Malachite Green dye was
calculated as follows, Eq. 1:
ܥ െ  ܥ௧
ሺΨሻ ൌ 
ͲͲͳݔሺͳሻ
ܥ
Co is the initial dye concentration (mg/L) whereas Ct
is the dye concentration after sorption time t (mg/L)
[43].

behave like a respiratory enzyme poison. Therefore,
it is necessary to remove this toxic dye from water
and solutions using an efficient method. For that
reason, the removal capacity of the fish bones for
malachite green was investigated as a function of
contact time and initial concentration. The
experimental data were in a good agreement with
Langmuir and Freundlich models of the adsorption
isotherms. Additionally, thermodynamic parameters
of fish bone were also evaluated to understand
exo/endothermic nature of the adsorption process.
The main purpose of this study, therefore, is to
investigate the adsorption characteristics of
Malachite green onto fish bones (Sparus aurata).

MATERIALS AND METHODS
Preparation of bone sorbents. The fish
(Sparus aurata) was obtained from a local fish shop
in Mersin-Turkey. In order to prepare the target
adsorbent, fish bones were separated from meat and
then washed with hot distilled water several times to
remove soluble impurities from the bones. After the
fish bones was dried at 105 oC for 24 h, they allowed
to cool in a desiccator. It was ground into fine
powder to use as an adsorbent in the following
experiments.

RESULTS AND DISCUSSION
Preparation of dye solutions. Malachite green
was purchased from (Carlo Erba Reagent). It is a
cationic dyestuff (chemical formula C23H25CIN2,
dye purity >90%). This dye was commercial product
and used without purification. Malachite green was
used as a cationic synthetic dye which is belongs to
triphenyl methane class with the chemical formula
C23H26N2Cl. The characteristics of this dye are
presented in Table 1. The solution was prepared by
dissolving Malachite Green of 1000 mg in 1 L
distilled water.

Effect of initial dye concentration and
contact time. In order to determine the effect of
contact time of adsorption equilibrium on the
adsorption of Malachite Green, the adsorption
efficiency was investigated for 5, 10, 20, 40, 80, 160
minutes. Experimental sample was prepared at the
different concentrations, as of 50, 100, 200, 400, 800
mg/L and the adsorbent dose used was 1000mg/L.
The data obtained from experimental study was
plotted in Figure 1. The results showed that the
adsorption quantity of Malachite Green dye
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FIGURE1
The adsorption quantity of Malachite Green dye as a function of initial dye concentration and contact
time.
homogenous surface with a limited number of
identical sites is given by Eq 2 [44]:

increased with the increasing initial concentration of
this dye at constant adsorbent amount as seen in
Fig.1. At higher concentrations, there are more
adsorption sites which are available for the
adsorption of dye molecules to be adsorbed. The
adsorption of dye from the solution onto fish bone
dramatically increases in 80 min. whereas it slightly
increases after 80 min. The efficiency of the
adsorption of dye increases as a function of time for
the higher concentration value of dye, since longer
contact time provides longer duration for the
adsorption process.

Ce
qe

a
1
 ( L )Ce
KL
KL

(2)

where; Ce is the equilibrium concentration of
adsorbate in solution after adsorption (mg/L), qe is
the equilibrium solid phase concentration (mg/g), as
well as KL (L/g) and aL (L/mg) are the Langmuir
constants.
However, the Freundlich isotherm supposes a
heterogeneous surface with a nonuniform
distribution and can be expressed by Eq. 3:

Adsorption Isotherms. Several adsorption
isotherms were studied in order to identify the
optimization conditions of an adsorption system for
removal of Malachite Green dye from solution. The
adsorption data of the dye on the fish bone were
analyzed using Langmuir and Freundlich models
since these two models were most
frequently employed for adsorption isotherm model.
Langmuir model which describes the
monolayer adsorption of dye molecules on a

log qe

1
log K F  log Ce
n

(3)

where KF (L/g) Lú WKH DGVRUSWLRQ FDSDFLW\ DW XQLW
concentration and 1/n is adsorption intensity.
Figure 2 shows the Langmuir and Freundlich
isotherms for 0.5mg/L adsorbent whereas the
isotherm constants are presented in Table 2.
The Langmuir and Freundlich isotherms were
obtain from lineer regression as seen in Figure 2 and
3, respectively.

TABLE 2
Langmuir and Freundlich Constants for Various Dye-sorbent Systems
Adsorbent
Fish (Sparus
aurata) bone

Dye
Malachite
Green

qmax
(mg/g)
-63.694

aL (L/mg)
-0.0008164
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KL (L/g)

Kf (L/g)

0.052

21.414

n
1.170

R2
0,3695 (Langmuir)
0.9861(Freundlich)
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FIGURE 2
Langmuir isotherm for the adsorption of Malachite Green dye on fish bone.

  
 

 

























 
FIGURE 3
Freundlich isotherm for the adsorption of Malachite Green dye on fish bone
The correlation coefficients (R2) for the
Langmuir and Freundlich isotherms were calculated
as 0.3695 and 0.9861, respectively. The correlation
coefficient calculations showed that, the Freundlich
isotherm is more favorable for the adsorption of
Malachite green dye onto the fish bone adsorbent.
Adsorption Kinetics. In order to determine the
adsorption kinetics of Malachite Green dye onto the
fish bone adsorbent, pseudo-second-order kinetic

models were introduced to the experimental data.
Figure 4 shows pseudo second-order of Malachite
Green dye on fish bone. The pseudo second order
equation can be written as in Eq. (4)

t
qt

ª 1 º 1

t
«
2 »
«¬ k2, ad qeq »¼ qeq

(4)




  





 





 





 





 















 









FIGURE 4
Pseudo second-order of Malachite Green dye on fish bone.
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TABLE 3
Compare Of Values Of qe and qexp. From Pseudo Second Order Kinetic Model
Initial Dye Concentration
(mg/L)

qe (calculated)

qe (experiment)

R2

50
100
200
400
800

1.236
2.0959
5.636
11.737
26.455

1.376
2.0959
5.636
11.884
26.400

0.983
1.000
1.000
0.996
0.999

TABLE 4
Gibbs Free Energy Values For Systems
Sorbent
Fish Bone
Coconut coir
Sea Shell powder
Fish bone
Fish bone

Dye
Malachite green
Malachite green
Malachite green
BB41
BY28

ǻ* N-PRO 
-1.308
-1.05
-10.34
-18.81
-18.78

Where k2 (g/mg.min) is the rate constant for the
pseudo-second-order kinetics, qeq is the mass of
adsorbed at equilibrium (mg/g), qt is the mass of
adsorbed at time t (minute) [45]. Experimental data
confirmed that the reaction of the Malachite Green
adsorption onto the fish bone adsorbent fits the
pseudo-second-order kinetic model. Values of qe
obtained from kinetic model listed and compared to
related values from experiments as seen in Table 3.
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