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EFFECT OF GRAVITY AND PARTICLE SIZE
DISTRIBUTION ON THE SUSPENDED PARTICLE
TRANSPORT AND DEPOSITION IN A SATURATED POROUS
MEDIUM
SiChen Jiang1, Bing Bai1,*, PengYuan Zhang1,Hui Le Li1 ,PengCheng Wang1,2
1.School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China
2.Department of Civil and Environmental Engineering, University of Illinois at Urbana Champaign, IL61801, USA

phase. Particulate material detachment, transport and
deposition in saturated porous media have been the
subject of an intense research effort in recent years.
The role of colloids, bacteria and nanoparticles in
groundwater contaminant transport has been widely
studied most often due to their abundance in
groundwater and their physical properties such as
specific surface area, large adsorption capacity, and
low settlement rates [1-11]. The mechanisms of
transport and deposition of particles under different
physicochemical factors have been investigated by
many researchers [12-20]. However, a majority of
research findings are about colloids, bacteria and
QDQRSDUWLFOHV ȝP 7KHVXVSHQGHGSDUWLFOHV 63 
! ȝP  EHFDXVH RI WKHLU UHODWLYH ODUJH FDSDFLW\ WR
adsorb pollutants and a long settling time in water,
they also play a significant role in the transport of
pollutants [21-22]. Therefore, the studies of
suspended particle release, transport and deposition
in porous media are necessary for waste treatment,
contaminated aquifer remediation, water resources
protection. The transport and deposition of
VXVSHQGHG SDUWLFOHV ! ȝP  KDYH EHHQ ZLGHO\
studied in recent years [23-25]. The role of
suspended particle concentration, pore structure and
hydrodynamic effects in the transport and deposition
of suspended particles through saturated porous
media has been systematically investigated and
many research findings have been obtained [26-29].
Nevertheless, most previous suspended particle
transport studies included only those particles of
which size distributions were unimodal [21, 27-28],
which can not effectively represent the actual size
composition of SP in natural aquifers. Seders
Dietrich et al. [30] developed a novel approach to
assess the effects of polydispersity on transport of
natural organic matter and associated contaminants.
In practice, the size distribution of suspended
particles vary widely due to the change of
physicochemical factors of media and flow
conditions [31-35]. Phenrat et al.[36] also reported
that the particle size distribution (PSD) has
significant influence on transport of Fe0
nanoparticles in sand columns. Note that, both the
recovery rate and the deposition rate of SP are
mainly affected by PSD [37]. The PSD can also act

ABSTRACT
The role of particle size, particle size
distribution (PSD), gravity and hydrodynamic
effects in the transport and deposition of suspended
particle (SP) through saturated quartz sand media
have been systematically investigated. To achieve
this objective, two experimental series were
performed, including downward flow and upward
flow; three populations with different particles size
distributions were selected. The median diameters
d of these populations were 3.24, 10.59, and
ȝP ,Q RUGHU WR VWXG\ WKH HIIHFW RI
polydispersivity, a fourth mixture population of
particles (d 12.54 ʅŵ) obtained by mixing in
equal proportion (volume) the populations 3.24,
10.59 aQGȝPZDVDOVRXVHG7KHEUHDNWKURXJK
curves were well described with the analytical
solution of a corrected convection-dispersion model
that takes into account dispersive flux on the
deposition kinetics. The results show that the
deposition kinetics and dispersion depend strongly
on the particle size, their distributions and gravity.
The rate of particle deposition increases with particle
size. The longitudinal dispersivity increases,
respectively, with the increasing of the flow rate and
the SP size GLVWULEXWLRQ7KHUDQJHRIWKHSDUWLFOHV¶
dispersivity in vertically downward flow is larger
than that in vertically upward flow. This study
highlights the complicated interdependence of the
effects of flow rate, gravity, and PSD on particle
transport and deposition.

KEYWORDS:
suspended particle, porous media, transport, particle size
distribution, gravity

INTRODUCTION
An understanding of the processes that affects
the transport and deposition of particulate material in
porous media was needed to protect water resources
from contaminants associated with the colloidal
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TABLE 1
Selected properties of the synthetic SiO2particles
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density of quartz sand is 2.41 g/cm3. Seventy-five
percent of the sand particles range between 2.00 mm
and 3.50 mm in size, and twenty-five percent range
from 1.00 mm to 2.00 mm in size. The average
hydraulic conductivity value of the quartz sand is
2.34×10í2m/s. The injected concentration of SP is
0.2 g/l and the injected volume of 30 ml is very small
FRPSDUHGZLWKWKHFROXPQ¶VSRUHYROXPHWKXVLWFDQ
avoid disturbing the water flow in the column [45].
A short-pulse method which can avoid the blocking
or filter ripening effects was used [23, 27]. The tested
flows varied from 0.1 to 0.8 l/min, corresponding to
'DUF\¶VYHORFLWLHVUDQJLQJIURPWRFPV
The quartz sand was pretreated with H2SO4 for 24 h,
to remove impurities, and was rinsed with deionized
water for several times. The impurities free sand was
dried in an oven for 48 h at 105Ԩ prior to
experiments. The saturated column was vertically
packed in 3 cm increments with quartz sand, mixed
with deionized water. The water was always kept a
few centimeters above the soil surface. To avoid air
entrapment and to ensure uniform packing, each
increment was stirred and gently tapped with
caution.
The Reynolds number is defined as
Re Udg50 U / Q where dg50 is the mean size grain

as an indicator for possible microbial contamination
of drinking water from karst springs [38]. The
prediction of PSD is important in the design of
facilities based on filtration mechanisms [39].
Investigators have examined the various factors
theoretically and experimentally which affect
particle material (SP, colloid, bacteria) transport in
porous and fractured media, particularly the effects
of gravitational force [40-44]. All these studies
concluded that gravity was a significant driving force
for particle deposition. However, the coupled effects
of flow rate, gravity, and PSD on the transport and
deposition of SP in saturated porous media have not
been systematically investigated yet. A systematic
study of the interactions between these factors is
essential for understanding particle transport in
natural aquifer.
This work presents a laboratory study devoted
to investigate such coupled effects of flow rate,
gravity, and PSD on the transport and deposition of
SP in saturated porous media. Two series of
experiments were performed, including downward
flow and upward flow. Experiments were repeated
for various PSD and different flow velocities. A
vertical laboratory column packed with quartz sand
was used to carry out the injection experiment under
water-saturated condition with a short-pulse
technique. SP breakthrough curves (BTCs) were
measured by using turbidity sensors. The
overarching objective of this work was to determine
the mechanisms that govern SP transport and
deposition in saturated porous media under different
particle sizes and PSD. The specific objectives were:
(1) to determine the effect of particle size and PSD
on SP transport and deposi-tion. (2) to determine
hydrodynamic effects on SP transport and
deposition, (3) to determine the effect of gravity on
SP transport and deposition. (4) to understand the
governing SP transport and deposition mechanisms.

U

is the fluid density, and Q is the
of the medium,
dynamic viscosity. The values of Re obtained over
the quartz sand range between 0.39 and 3.13, which
confirms that the experiments were conducted under
ODPLQDU IORZ FRQGLWLRQV >@ 7KXV 'DUF\¶V ODZ
remains applicable in this study. In each fresh packed
column, five short-pulse injections were performed,
starting from the highest flow rate to the lowest one.
This technique is chosen by previous studies in order
to avoid a likely release of the SP initially deposited
in the porous medium, i.e. the second-order
deposition kinetics can be neglected [21-22,35,47].
The injected SP are synthetic spherical SiO2.
The main characteristics of SP are given in Table 1.
The size distribution of the four populations of
injected SP are shown in Fig. 1.
Three types of synthetic spherical SiO2
particles (Winroc Inc., Wenzhou, China) were
selected as suspended particles in this experiment.
The median diameters (d50) of the SiO2 particles

EXPERIMENTAL SETUP
The porous medium that filled the column
consisted of quartz sand which involves a porosity
close to 47% (±1%). The average value of specific

5639
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ZHUH PHDVXUHGDVDQGȝP 7DEOH
1). In order to study the effect of polydispersity of
the injected particles, a fourth population is prepared
by mixing 33.3% (suspension volume) of each single
population . The PSDs for the four types of SiO2
particles were quite different. The PSDs for the 3.24
DQGȝPSDUWLFOHVZHUHXQLPRGDOZKLOH
(Fig. 1) for the fourth population (d50 ȝP WKH
PSDs were somewhat bimodal with a sharp peak and
an extended shoulder from 0.85 to70 ȝP )LJ  
However, monodisperse index became the major
GLVFUHSDQF\ EHWZHHQ WKH ȝP DQG RWKHU WKUHH
types of particles populations (Table 1).

consists of a turbidimeter (HACH 2100AN,
USA). The measurement range of the turbidimeter is
from 0 to 4000 NTU. The particle concentrations in
the effluent were determined with the help of
correlations made a priori between SP
concentrations in water and turbidity (NTUs) [44].
In this study, the chemical mechanisms were
excluded from the assessment of processes because
of the high velocities tested (mean pore water
velocities ranged from 0.07 to 0.576 cm/s), the low
ionic strength (deionized water) , and neutral water
PH. Therefore, the present study is restricted to
physical mechanisms (gravity, PSD and flow rate)
involved in SP transport and deposition.

D50=10.59 Pm

14

D50=3.24 Pm
volume percentage (%)

12

D50=20.73 Pm

MATHEMATICAL MODELLING

D50=12.54 Pm

10

Suspended transport. The transport and
deposition of suspended particles through porous
media under steady state and saturated flow conditions can be described by the convection-dispersion
equation (CDE) and by a kinetic equation of particle
deposition. Usually, the hydrodynamic particle
dispersion was only considered in the mass balance
equation but do not consider the effect of dispersive
flux on the deposition kinetic [21, 23, 48-49]. The
convection±dispersion equation and the particle
deposition equation considering dispersive flux can
be written as follows [50].
wC
w 2C
wC 1 wV
(1)
D 2 u

wt
wx I wt
wx
1 wV
D wC
(2)
kdep  C  kdep  
I wt
u wx

8
6
4
2
0
1

10

100

Diameter (P)

FIGURE 1
Particle size distribution of injected suspended
matter

  

 











 

Where C is the particle concentration in the
solution [M/L3], D is the longitudinal dispersion
coefficient [L2/T], Kdep is deposition rate [T-1], V is
the mass of particles deposited on unit volume of the
collector [M/L3], u is the particle mean velocity
[L/T], t is the time [T], x is the distance the particle
travels from the inlet[L].ĳ is porosity of the medium.
Equation (2) assumes that particle deposition follows
first-order kinetics and is irreversible. This
assumption (i.e. no blocking or ripening effect) can
be justified because of the low SP volume injected in
the porous medium [21-22,45,47,49 and 51].

  




FIGURE 2
Schematic of the experimental setup
The experiment set-up, shown in Fig. 2 uses a
Plexiglas column which has an inner diameter of 8
cm and a length of 30 cm was used to carry out two
series of flow direction experiments under steady
state and saturated flow conditions. The column was
equipped with two equally spaced (12 cm)
piezometers, which was used to measure pressure
variations during the SP injection in the porous
medium. The column is fed by a reservoir containing
deionized water (pH of 6.9±0.1) using a peristaltic
pump(Longer Pump BT600-2J, Baoding, China)
and equipped with a digital flow-meter installed
between the peristaltic pump and the column inlet to
measure the flow rate. A 30-ml syringe was used to
perform pulse injections .The detection system

For an instantaneous injection, the initial and
boundary
conditions
are:
(3)
C ( x,0) Ci

C (0, t )

(4)

wC (f, t )
(5)
0
wx
Where Ci is the constant initial concentration in
the porous media [M/L], m is the mass of particle
injected [M], Q is the flow rate [L3/T], G (t ) is the
5640
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simulated curves based on the Eq.6, are shown
in Fig. 3 to 6. The experimental data are well
adjusted by the model at high, medium, and low
velocities. The relative concentration CR in Fig. 3 to
6 is given by the following equation [22].

Dirac function. In Eq.2, the release of deposited
particles is neglected. Eq. 5 assumes that the
concentration is constant in the infinite place, this is
necessary for providing an analytical solution. The
analytical solution for Eq. (1) according to Eq. (2)(5) is given as follows [35]
C ( x, t )

ª kdep 2  D  t kdep  t x  ut
 exp « 

3
2
4 Dt
4u 2
«¬
2Q S Dt
mx

2

kdep  x º
»

2u »
¼

CR

(6)

0 in Eq. (15) of reference [35], which delivers
following
result:

C ( x, t )

ª
x  ut
 exp «- kdep  t 
3
4 Dt
«¬
2Q S Dt
mx

2

º
»
»¼

(7)

Eq. 7 is the same as that given by previous
researchers [49, 52].
The recovery rate (R) is estimated by
integrating the experimental BTCs given as follows
[53].

R

f

³0 QC (t )dt

m

(8)
The three parameters (D, Kdep and u) were
derived by fitting the experiment BTCs using Eq. (6)
Fitting Procedures. For the estimation of the
model parameters, based on the analytical solution
(Eq. 6), the commercial 1stOpt Software (7D-Soft
High Technology, Inc., Beijing, China 2010) was
used to adjust the experimental BTCs. 1stOpt is a
leading world-wide software platform for numerical
optimization analysis, especially in the area of
multivariable simulation. Based on the advantage of
the Levenberg±Marquardt Algorithm (LMA), the
1stOpt software solves the problem of the initial
values necessary for the numerical optimization
calculation, i.e., the initial values are provided
randomly by the 1stOpt software instead of the user
[35]. The computational core of the 1stOpt software
is called the Universal Global Optimization
algorithm, which was used to compute the three
parameters required (D, Kdep and u). All the fitting
results show that the squares of the correlation
coefficients are >0.95.

RESULTS AND DISCUSSION
Results
of
the
column
transport
experiments. The transport experiments have been
interpreted by the mathematical model presented
above. Experimental breakthrough curves (BTCs)
for particles with 3.24, 10.59 ,12.54 aQGȝP
median diameter, together with the corresponding
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Where C is the particle concentration in the
solution [M/L3], VP is the pore volume of the entire
soil column [L3], m is the mass of the particle in each
injection [M].
Pore volumes (PV) in Figs. 3 to Fig. 6 refers to
the ratio of the total injected volume of solution
through the soil column to the pore volume of the
soil column. The BTCs with different particle
PHGLDQGLDPHWHUV DQGȝP 
and the simulated curves are compared. As the
figures show, the peak of SP BTCs is larger in
vertically downward flow than in upward flow no
matter how fast the flow seeps. It is also interesting
to notice that the travel time (described by PV) for
the peak of SP BTCs is longer in vertically upward
flow than in downward flow at all tested velocities.
Furthermore, when the flow rate and flow direction
are fixed, the smaller the particle size, the higher the
peak of the SP BTCs is. When the particle size and
flow direction are fixed, the higher the flow rate, the
larger the peak of the SP BTCs is. The detailed
mechanism is given as follows: Figure 3(a)
illustrates that the peak of SP BTC increases with
increasing flow rate. This result can be explained by
the collision of particles and the porous medium,
since the gravitational force parallel and acting with
the hydrodynamic force enhances the transportation
of particles [35]. Because the larger flow rate leads
to the greater the chance of particle collisions, the
transport paths of the particles are longer due to the
detours within the porous medium [21-22]. Hence,
the peak of the SP BTC occurring at a large PV with
high flow rate also can be ascribed to this reason.
Figure 3(b) markedly shows that the peak of SP BTC
is lower than that in Fig3. (a) over all tested
velocities. BTCs show later transport of vertically
upward flow compared to downward flow at all
tested velocities. This phenomenon highlights the
importance of gravity in SP transport in saturated
porous media. Many previous researchers [40-44]
have been observed these finds. Similar behavior as
shown in Fig. 3 is also observed in Figures 4, 5 and
6.All these results suggest that the peak of the SP
BTCs is dependent on flow rate, gravity and particle
size.

The analytical solution of the conventional
convection±dispersion model, in which the influence
of the dispersive flux on the deposition kinetics is not
considered, can be obtained by letting Ci 0 and

D1
the

CV p
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FIGURE 3
Experimental breakthrough curves and
corresponding simulated curves for particles
ZLWKȝPPHGLDQGLDPHWHU D vertically
downward flow, (b) vertically upward flow
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Experimental breakthrough curves and
corresponding simulated curves for particles
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FIGURE 4
Experimental breakthrough curves and
corresponding simulated curves for particles
ZLWKȝPPHGLDQGLDPHWHU D YHUWLFDOO\
downward flow, (b) vertically upward flow.

FIGURE 6
Experimental breakthrough curves and
corresponding simulated curves for particles
ZLWKȝPPHGLDQGLDPHWHU D YHUWLFDOO\
downward flow, (b) vertically upward flow
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Influence of flow conditions on particles
dispersion. Dispersion in porous media has been
considered as a mechanism that can increase particle
transport [54-55]. Most previous studies focused on
dispersive transport of particles in porous media [53,
56-57]. Delgado [58] developed a new simple
correlation for predicting the transverse dispersion
and longitudinal dispersion coefficient according to
critical analysis of the vast data on dispersion in
porous media. The particle size exclusion can lead to
a change of dispersion coefficient in porous media
[21]. Bennacer et al. [37] found that the SP
dispersivity is larger than that of dissolved tracer
over all velocities investigated. However, Massei et
al. [23] found the dispersivity values for SP are
slightly lower than that for the dissolved tracer.
Chrysikopoulos and Katzourakis [59] showed that
dispersivity increases linearly with increasing
colloid particle size.
The diffusion term is neglected here because it
is quite small, the longitudinal dispersion coefficient
can be derived by fitting the experiment BTCs using
the Eq. (6).
The hydrodynamic dispersion coefficient D
can be expressed by Eq. (10) [22, 37]
D Dum
(10)
Where D is the longitudinal dispersivity[L], u
is the pore flow velocity and m is a power
coefficient. The value of m determined by different
researchers are different [22, 37, 60]. Figure 7
presents the variation of the longitudinal dispersion
coefficient of SP with the pore water velocity under
two seepage directions (downward and upward). Fig.
7 presents longitudinal dispersion coefficient plotted
against pore water velocity for SP in vertically
downward (Fig. 7a) and upward (Fig.7b) flows,
considering the particles with median diameters
   DQG ȝP7KH UHVXOWV show
that the longitudinal dispersion coefficient increases
with pore water velocity for two different seepage
direction. The relationship among D and u is
described by a power law. Thus, for each tracer
series, the longitudinal dispersivity and the power
value m were determined (Fig. 7). A nonlinear
behavior between D and u is obtained for the SP
and the power value m varies between 1.1 and 1.41.
The results further demonstrate that the power value
m increases with increasing size of the injected
SDUWLFOHVH[FHSWWKHPL[WXUHȝPSDUWLFOH
A linear behavior between D and u is often
assumed in literature [60-62]. Thus, by setting the
experimental constant m=1 [35, 37] in Eq. (10), the
longitudinal dispersivity can be calculated using the
following equation:
D D u
(11)
Where D is the longitudinal dispersivity [L].
u is the pore water velocity.
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FIGURE 7
Relationship between the longitudinal
dispersion coefficient of particles and pore water
velocity (u) for the 3.24, 10.59, 12.54 and
ȝPSDUWLFOHVDYHUWLFDOO\GRZQZDUGIORZE
vertically upward flow.
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(b) Vertically upward flow
FIGURE 8
Relationship between the longitudinal
dispersivity of particles and SP median diameter
(d50) under various flow conditions(rate): a
vertically downward flow, b vertically upward
flow.
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TABLE 2
The fitting parameters between median diameter and dispersivity
Vertically downward flow
Vertically upward flow

Flow
velocity

a

b

c

R2

a

b

c

R2

0.07
cm/s

0.0002

0.0397

0.4782

0.892

0.00009

0.0144

0.3086

0.9416

0.147
cm/s

0.0003

0.0094

1.036

0.9414

0.0002

0.015

0.3531

0.927

0.293
cm/s

0.0013

0.0555

1.2488

0.9995

0.0002

0.0153

0.3875

0.8928

0.444
cm/s

0.0000
4

0.0264

1.5444

0.9941

0.0009

-0.0041

0.5261

0.9552

0.588
cm/s

0.0015

0.0436

1.6237

0.828

0.0003

0.0119

0.534

0.9908

flow. These results suggest that gravity may be a
significant mechanism for dispersion of SP in porous
media. According to Fig. 8a and Fig. 8b, it can be
concluded that the SP dispersivity is dependent on
the particle size, flow velocity, PSD and gravity.
Figure 8 combined with figure 6 (the shape of
the breakthrough curve), the particles of the median
particle size has a heavy influence on the degree of
dispersion. To quantify the relationship between the
dispersivity and the median diameter of SP,
longitudinal dispersivity were plotted against the SP
median diameter in Figure 8, together with the
standard regression line. Clearly, there is a positive
correlation between D and (d50), which is of the
form:

Fig. 8 presents longitudinal dispersivity versus
SP median diameters (d50) under various flow
velocity conditions in vertically downward (Fig.8a)
and upward (Fig.8b) flows, considering the particles
with median diameters 3.24, 10.59, 12.54 and
ȝP ,W LV GHGXFHG IURP )LJ  D  WKDW
dispersivity is proportional to the flow velocity. The
dispersivity ranges from 0.6 to 1.8cPIRUȝP63
DQG  WR FP IRU ȝP 63 UHVSHFWLYHO\
However, the dispersivity ranges from 1.1 to 2.7 cm
IRUȝP63DQGDQGFPIRUȝP63
This behaviour indicates that the dispersivity is
dependent on particle size and PSD. This
observation is in agreement with the work published
by Chrysikopoulos and Katzourakis [59]. Both the
 DQG ȝP 63 KDYH WKH ODUJH VL]H
distributions, which leads to a large dispersion of the
flow velocities of SP. The difference in such
behavior is more obvious for large flow velocities
[47], where the size exclusion effect is more
significant [53]. In addition, the SP transport is
affected primarily by gravity at low flow rate
(0.07cm/s),and large particle experiences a large
gravity force, leading to large dispersivity [35]. The
hydrodynamic force gradually becomes dominant
with increasing flow rate, while the dispersivity
increases with increasing particle size. Bennacer et
al. [37] and Chrysikopoulos and Katzourakis [59]
found that the magnitude of the dispersion at any
given flow rate was controlled by the size of colloids,
and dispersion coefficient increases with increasing
colloid size.
The directions of gravity and the hydrodynamic
force are opposite in Fig. 8b which illustrates similar
behavior to that shown in Fig. 8a (The directions of
gravity and the hydrodynamic force are same)
Difference between Fig. 8a and Fig. 8b indicates that
the extent of dispersivity in vertically upward flow is
extremely lower than that in vertically downward

DL

(12)
It is seen from table 2 that the relationship
between the dispersivity and the median size of the
particle is in line with the quadratic polynomial
function, and the correlation coefficient is high. In
the table 2, the value of quadratic coefficient is small,
then the impact on the degree of dispersion is small.
Bennacer et al. fitted the relation curve between
the dispersivity and the median size of the particle by
the power function, and the value of the power
exponent is less than 1. While Chrysikopoulos et al.
found that the relationship between the dispersivity
and the median size of the particle is in line with the
linear function. Since the value of quadratic
coefficient is small in this work, the result is
consistent with the work published by
Chrysikopoulos et al. to some extent.
The observed increase in D with increasing
median size of particle is attributed to the combined
effects of reduction of the colloid effective porosity
that leads to tortuosity changes, possible existence of
SUHIHUHQWLDO ÀRZ SDWKV DQG H[FOXVLRQ IURP WKH
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particle size and PSD.
)RUWKHDQGȝPSDUWLFOHVLQ)LJE
the deposition rate decreases with increasing flow
UDWH )XUWKHUPRUH WKH GHSRVLWLRQ UDWH IRU ȝP
SDUWLFOHLVDOVRKLJKHUWKDQWKDWIRUȝPSDUWLFOH.
This observation also implies that the larger the
particle size, the more of them captured by straining.
However, the deposition rate for the 12.54 and 20.73
ȝPSDUWLFOHVGHFUHDVHZLWKLQFUHDVLQJIORZUDWHXQWLO
a critical flow rate, beyond which it becomes
constant. Comparison of the deposition rates reveals
that in vertically downward flow, deposition rates of
all over tested particles are lower than that in
vertically upward flow. This observation suggests
that gravity is an important mechanism for particle
deposition in porous media. The direction of
hydrodynamic force coincides with gravity in
vertically downward flow, these forces prevent the
particle deposition in porous media. While, the
gravity favors the particle deposition in vertically
upward flow. These results provide sub-stantial
evidence that the effect of gravity on particle
deposition is related to flow rate, particle size and
PSD.
The particle recovery rate is further confirmed
by the observation of deposition rate. The recovery
rate is obtained by integrating the experimental
breakthrough curve area, using the Eq. (8). The
UHFRYHU\UDWH5DVDIXQFWLRQRI'DUF\¶VYHORFLW\LV
shown on Fig.10.

Deposition rate(1/h)

lower-velocity regions. Thus, some colloids are
getting slowed down having to pass through small
pore spaces, where other colloids are managing to
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FIGURE 9
Relationship between the SP deposition rate
and the flow velocity u for the 3.24, 10.59,
DQGȝPSDUticles: a vertically
downward flow, b vertically upward flow.
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Influence of flow condition on the deposition
and recovery rate. Many previous literatures
revealed that the particle deposition rate is dependent
on particle size , flow rate , pore structure, particle
shape and flow orientation [21-22,29,37,43,53,63].
One can deduce from Fig. 9a that the hydrodynamic
IRUFH DFWLQJ RQ WKH ȝP SDUWLFOH LV ODUJH EXW D
critical flow rate exists, below which the deposition
rate has an inverse relationship with it, while beyond
which it becomes zero. However, very similar trend
RFFXUV IRU  DQG ȝP SDUWLFOHV EXW VWLOO
GHSRVLWLRQUDWHIRUȝPSDUWLFOHLVKLJKHUWKDQ
WKDW IRU ȝP SDUWLFOH This observation can be
attributed to the particle size effect which is related
to the straining of SP. Bradford et al. [3]found that
the straining increases with increasing colloid
particle size. Furthermore, the deposition rate for the
 DQG  ȝP particles decreases with
increasing flow rate until a critical flow rate, beyond
which it becomes constant. This behavior can be
ascribed to the large size distributions that contain
amount of larger particles. Regardless of the flow
rate, the particles lDUJHU WKDQ  ȝP FDQQRW EH
move again. The critical flow rate for both 12.54 and
 ȝP SDUWLFOHV DUH  FPV 7KH GHSRVLWLRQ
UDWH IRU ȝP SDUWLFOH LV KLJKHU WKDQ WKDW IRU
ȝP SDUWLFOH $OO WKHVH UHVXOWV VXJJHVW WKDW
particle deposition rate is dependent on flow rate and
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FIGURE 10
Relationship between the recovery rate (R)
of particles and the velocity u for the 3.24, 10.59,
DQGȝPSDUWLFOHVDYHUWLFDOO\
downward flow, b vertically upward flow.
Observe in Fig.10a that the R RI  ȝP
particle increases with flow rate until a critical flow
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illustrate that gravity is a significant factor that
affects particle transport and deposition in porous
media.
2.For vertically downward flow, dispersivity
increases with increasing flow rate because of the
increased
hydrodynamic
force.
Moreover,
comparing to vertically upward flow, the range of the
particle dispersivity in the vertically downward flow
is larger. This result suggests that gravity is an
important mechanism for dispersion of particles in
porous media. Due to the large particle size
distribution, the dispersivity of the bimodal
distribution particle is more sensitive to gravity at the
low flow rate. For vertically downward flow, a
higher dispersivity of the bimodal distribution
particle occurs at the low flow rate than that of the
unimodal distribution particles. However, the
dispersivity for bimodal particle increases slightly at
the low flow rate when the flow moves upward.
3.The larger the particle size, the higher the
deposition rate is. These observations suggest that
straining is the primary mechanism for particle
deposition. For vertically downward flow, the
GHSRVLWLRQ UDWH IRU  ȝP SDUWLFOH LQFUHDVHV ZLWK
flow rate until a critical velocity beyond which the
deposition rate and the recovery rate are,
respectively, close to zero and 100%. This behaviour
can be explained through the fact that the
hydrodynamic forces applied on the SP at high flow
rates dominate the gravitational forces, leading to
reduced deposition kinetics of SP. However, the
GHSRVLWLRQUDWHIRUWKHDQGȝPSDUWLFOHV
decrease with increasing flow rate until the critical
flow rate, beyond which it becomes a constant value
GXHWRWKHGHSRVLWLRQRISDUWLFOHVODUJHUWKDQȝP
in the soil column. For vertically upward flow,
deposition rate has a similar trend compared to
YHUWLFDOO\ GRZQZDUG IORZ H[FHSW IRU WKH  ȝP
particle of which the deposition rate is nonzero for
high flow rate due to the gravity effect.

rate, beyond which it become 100%. Recall from the
discussion of Fig. 10a that large hydrodynamic force
inhibits the deposition of particle in porous media.
Furthermore, the R RI ȝP SDUWLFOH LQFUHDVHV
linearly with increasing flow rate. Comparison of
ȝPDQGȝPSDUWLFOHUHYHDOVWKDWWKHYDOXH
of R IRUȝPSDUWLFOHLVODUJHUWKDQWKDWIRU
ȝPSDUWLFOH7KHVWUDLQLQJLQFUHDVHVZLWKLQFUHDVLQJ
particle size. In contrast, beyond the critical flow rate
(0.199cm/s), the R of 12.54 and 20.73 particles
become stable. This observation can again be
attributed to the deposition and straining of particles
ODJHUWKDQȝPLQWKHVRLOFROXPQ
Fig. 10b reveals similar trend of recovery rate
for the four populations of particles in vertically
upward flow. The R of all over tested particles
increases with increasing flow rate except the
FRQGLWLRQRIDQGȝPSDUWLFOHVIRUZKLFK
be-yond the critical flow rate R become stable.
Hence, the value of R decreases with increasing
particle size in the same flow direction. When the
particle size and the flow rate are same, the recovery
rate in vertically downward flow is higher than that
in vertically upward flow. This result indicates that
the particle transport in porous media is partly
controlled by gravity. The external force acted on
particles in downward flow is larger than that in
vertically upward flow. All these results provide
substantial evidence that recovery rate is controlled
by particle size, flow rate, PSD and gravity.

CONCLUSIONS
Experimental studies were conducted to
investigate the influence of particle size and particle
size distribution (PSD) effect on particle transport
and deposition in porous media under various flow
conditions. The breakthrough curves were well
described by the analytical solution of an improved
convection-dispersion model that takes dispersive
flux on the deposition kinetic into account. All the
transport parameters calculated by the model
indicated a complex influence of particle size, PSD,
flow rate and gravity on particle transport and
deposition. Specific findings are highlighted as
follows:
1.Results from these experiments show that the
peak concentration of particles in vertical downward
flow is larger than that in vertically upward flow. For
vertical downward flow, the PV (pore volume) of
peak concentration increases with in-creasing flow
rate; however, for vertical upward flow, there is a
critical flow rate beyond which the PV (pore
volume) of peak concentration decreases. The
transport of particles is sufficiently facilitated when
the direction of gravity coincides with hydrodynamic
force, but the transport facilitation may be
significantly reduced due to the deposition caused by
the gravity in vertical upward flow. These results
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ABSTRACT
The city of Toulouse with its separate storm
sewer system is ideal for studying stormwater. That
is why since 2002, three stormwater sampling
campaigns were conducted. Samples were taken
from the outlets of two storm drains located in
heavily and moderately urbanized areas. Sampling
was undertaken during wet weather and dry weather
during the year 2002 for the first campaign, during
the year 2007 for the second one and during the year
2010 for the last one. The overall pollution
parameters were analyzed (chemical oxygen
demand, biological oxygen demand, total nitrogen,
ammonium, nitrate, total phosphorus, suspended
solid matter, volatile suspended matter, pH,
conductivity, turbidity) and the presence of some
micropollutants was studied (6 PAHs, MTBE and
total hydrocarbons). Results showed an evolution of
stormwater quality between the three campaigns and
an improvement of nutrient and suspended solid
concentrations. They indicated also that dry weather
had an impact on annual pollution load from separate
storm sewer and that level of urbanization was also
a factor whatever the year of sampling.

KEYWORDS:
overall pollution parameters, principal component
analysis, separate sewer system, storm sewer discharge

different sources: rainwater quality, urban runoff
from roofs/roads, illicit connections, illegal
dumping, discharges from authorized companies and
leaks from the wastewater sewer [2].
Worldwide, numerous studies have already
been made on stormwater characterization especially
concerning overall pollution parameters ([3] ± [7]),
but during these studies sampling was carried out for
a limited time. For example, Zgheib et al. [7]
collected samples during two months and Lee and
Bang [3] sampled stormwater during two years. No
evolution of stormwater quality during several years
has already been published.
The present paper presents the results obtained
during three campaigns occurred in 2002, 2007 and
2010 in the separate sewer system of city of
Toulouse in France and the evolution of stormwater
quality during these years. The overall pollution
parameters were characterized to determine the
pollution of water discharges from the two main
storm drain outlets in Toulouse and some
micropollutants were studied. The impacts of dry
weather discharges were evaluated because some
companies, such as car wash stations, are authorized
to discharge their wastewater into the storm sewer
after a pre-treatment, resulting in a constant flow
here even in dry weather without rain. Respect of the
French 1998 Act [8] limit values was checked and
trace organic compound pollution levels were
compared to requirements under the Water
Framework Directive [9] EHFDXVHFLW\¶VVWRUPZDWHU
is discharged directly into the River Garonne.

INTRODUCTION
Municipalities have for long considered
stormwater as a purely hydraulic phenomenon.
However, it is now recognized as a pollution source
for the receiving environment [1]. At present,
stormwater may be collected in the same system as
wastewater, i.e. combined sewer system, or else in
an independent network, i.e. separate sewer system.
It is important to study stormwater in the latter
because it is discharged directly into the natural
environment. Pollution of stormwater can be from

MATERIALS AND METHODS
Studied sites. Two major outlets in the
Toulouse storm sewer have been selected. The first,
the Boulevards outlet, drains runoff water from the
heart of downtown. Its watershed extends over an
area of 439 hectares and represents a heavily
urbanized zone.
The second, the Mirail outlet, drains runoff
water from a residential zone composed of houses
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and blocks of flats with gardens. Its watershed
extends over an area of 1428 hectares.
Sampling methods. For 2002 campaign,
samplings were carried out from February 2002 to
March 2003. Twenty and nineteen wet weather
samples were collected for Boulevards and Mirail
outlets respectively and four dry weather samples
were collected per outlet. Dry weather samples were
collected over 24 hours and wet weather samples
were collected over a variable time from 2 to 12
hours. For 2007 campaign, samplings were carried
out from February 2007 to March 2007. Two wet
weather samples were collected per season and per
outlet, eight samples in total per outlet. Two dry
weather samples were collected per outlet. For 2010
campaign, samplings were carried out from January
2010 to February 2011. Two wet weather samples
and three dry weather samples were collected per
season and per outlet, eight wet weather samples and
twelve dry weather samples in total. For these two
last sampling campaigns, the water was collected
over 24 hours for each sample.
A time based autosampler, ISCO 3700, was
used to collect these representative average samples.
The samples were then transferred into amber glass
bottles and stored at -25°C for subsequent analysis.
Flow was measured throughout the sampling.
Analyses. Initially, classical parameters were
measured for the raw samples: pH, turbidity,
conductivity.
Commercially
available
tests
(Spectroquant®, Merck) were used to determine the
chemical oxygen demand (COD), total nitrogen
(TN) and total phosphorus (TP) in the raw samples,
as well as for ammonium ion (NH4+) and nitrate
(NO3-) ion analysis in filtered samples. Suspended
solid matter (SSM) and volatile suspended matter
(VSM) were assessed by filtration according to NFT90-105-1 and NF-T90-029 standards respectively.
Characterization was completed by analysis of
six polycyclic aromatic hydrocarbons: fluoranthene,
benzo(b)fluoranthene,
benzo(k)fluoranthene,
benzo(a)pyrene, indeno(1,2,3-cd) pyrene and
benzo(g,h,i)perylene, of methyl tert-butyl-ether and
of total hydrocarbons. The analytical methods used
to quantify these compounds evolved over the years,
therefore they are not detailed here but they followed
European standards and were validated.
Multivariate analyses. Principal component
analysis (PCA) was carried out in order to visualize
the correlations between the variables studied (=
overall pollution parameters) and to identify
homogenous groups of observations or conversely,
atypical ones. PCA was performed using the
commercial software XLstat (Addinsoft, Paris,
France).
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RESULTS AND DISCUSSION
Annual concentrations. (1) Overall pollution
parameters. Box plots for each campaign and each
outlet were drawn to illustrate dispersion of data, and
are shown in Figure 1 representing also averagemedian, minimum-maximum and extreme values.
An LOQ / 2 value was applied for calculations when
values were below the LOQ [10].
x Nutrients and COD. Comparing the three
campaigns, COD, TP and TN concentrations were
lower for the 2010 campaign. An improvement of
stormwater nutrient concentrations appeared for this
campaign. Furthermore, 2010 campaign had no
sample with concentration above threshold value of
French 1998 Water Act for COD, TP and TN unlike
other campaigns. Indeed, for COD, 2002 campaign
had six samples for Boulevards outlet with
concentration above 125 mg O2/L and 2007
campaign had two samples for Boulevards outlet and
one for Mirail outlet. The maximum values in 2002
were 360 mg O2/L for Boulevards outlet and 123 mg
O2/L for Mirail outlet. In 2007, they were 156 mg
O2/L and 146 mg O2/L for Boulevards and Mirail
outlets respectively. While, in 2010, the maximum
values were 40 mg O2/L and 41 mg O2/L for
Boulevards and Mirail outlets respectively. In 2002
and in 2007, Boulevards outlets had COD
concentrations greater than Mirail outlet, it can be
explained by its more urbanized watershed. Indeed,
waters of downtown of Toulouse are discharged in
Boulevards watershed.
Median values obtained for the three campaign
are lower than COD concentrations found by Zgheib
et al. [7] but 2002 and 2007 campaigns presented
greater COD concentrations than Bressy et al. [11].
For TP, only 2002 campaign presented values
greater than the threshold value of 2 mg/L, it was the
case for four samples for Boulevards outlet
(maximum value: 3.6 mg/L) and one sample for
Mirail outlet (maximum value: 2.5 mg/L). Like COD
concentrations, TP concentrations are higher for
Boulevards outlet than for Mirail outlet.
For total nitrogen, two samples in 2002
presented values greater than 30 mg/L, the threshold
value, one for Boulevards outlet (32 mg/L) and one
for Mirail outlet (40 mg/L). In 2007, four values
were greater than 30 mg/L, two samples for each
outlet, for Boulevards outlet the maximum value was
54 mg/L and for Mirail outlet, it was 38 mg/L.
Comparing the two outlets, TN concentrations were
quite similar for each campaign.
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FIGURE 1
Box and whisker plots representing data distribution for overall pollution parameters in each outlet for
the three campaigns ±Threshold values of French 1998 Water Act [8] are shown by a line ± A zoom on
SSM, VSM and turbidity results is represented

Total phosphorus concentrations are very low
comparing to results obtained by Zgheib et al. [7]
and Terzakis et al. [5], but TN concentrations
obtained in 2002 and 2007 are greater than the values
of the same studies.
The decrease of COD, TN and TP between
2002 and 2010 can be explained by an enhanced
performance of storm sewer policy and therefore a
decrease of illicit connection and a reduction of leaks
from the wastewater sewer and also by the end of use
of detergent with phosphorus to clean pavements and
by a better behavior of persons to clean animal
excrement.
x Suspended solids and turbidity. Many
samples for the three campaigns had SSM
concentration higher than threshold value. Indeed,
for 2002 campaign, sixteen and twelve samples had
concentrations greater than 35 mg/L for Boulevards

and Mirail outlets respectively. In 2007, five samples
for each outlet presented also concentrations above
the limit. And in 2010, 90% of samples for
Boulevards outlet and 50% for Mirail outlet
presented values greater than the threshold value.
This raises questions as to the necessity for treating
storm sewer discharge to reduce the quantity of SSM
discharge into the natural environment. Some
treatment systems can easily reduce the quantity of
SSM and permit to have concentrations below the
limit. Indeed, Borne et al. [12] obtained a mass
removal efficiency for suspended solids of almost
60% with a stormwater treatment pond containing a
floating treatment wetland and Fournel et al. [13]
with constructed reed beds obtained a SSM removal
greater than 83% on simulated combined sewer
effluent. This reduction of SSM in stormwater will
also permit to reduce the concentration of COD
because almost 50% of COD are due to the
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particulate phase in stormwater as determined by
Sablayrolles et al. in an internal study made in 2009
[14]. Bressy et al. [11] found also a median COD
proportion in particulate phase equal to 47%.
As illustrated in Figure 1, the campaign of 2002
showed SSM and VSM concentrations and turbidity
values more important than the other campaigns. For
SSM, the median values were 72.3 mg/L and 35.5
mg/L for Boulevards and Mirail outlets respectively
in 2002, 35.8 and 32 mg/L in 2007 and 58.9 and 35.1
mg/L in 2010.
For VSM, the median values were 37.2 mg/L
and 14.8 mg/L for Boulevards and Mirail outlets
respectively in 2002, 13.2 and 10.5 mg/L in 2007 and
14 and 8.1 mg/L in 2010.
In 2002 and in 2010, SSM and VSM
concentrations were higher in Boulevards outlet than
in Mirail outlet, as COD, this difference can be
explained by the more urbanized watershed of
Boulevards outlet. Indeed, a more urbanized
watershed significates also more car circulation and
therefore a more important particles release into the
air or on the road than in a more residential
watershed as Mirail outlet. In 2007, the difference
between the two outlets was negligible.
For turbidity, the median values were 58.3
NTU and 22.6 NTU for Boulevards and Mirail
outlets respectively in 2002, 11.8 and 11.3 NTU in
2007 and 13.5 and 13 NTU in 2010. In 2007 and in
2010, the difference for turbidity values between the
two outlets was negligible, whereas in 2010, the
difference for SSM concentration was significative,
therefore, we can suppose than the proportion of
colloidal phase is different between the two outlet
and it can be greater in Mirail outlet.
x Ions, conductivity and pH. Nitrates
concentrations were quite similar between the three
campaigns for the two outlets. Median values for
2002 campaign were 3.9 mg/L and 2.1 mg/L for
Boulevards and Mirail outlets respectively, 4 and 2.7
mg/L in 2007 and 3.9 and 2.4 mg/L in 2010.
Box plots for ammonium ions are not presented
in Figure 1 because many values were below limit of
quantification. Except for Boulevards outlet in 2010,
all others campaigns and outlets had an ammonium
median values less than limit of quantification
(LOQ=0.8 mg N/L in 2002 and 0.1 mg N/L in 2007).
Ammonium median value obtained in 2010 for
Boulevards outlet is 1.55 mg N/L.
Conductivity values were greater for 2010
campaign for Boulevards outlet. For Mirail outlet,
2007 and 2010 campaigns presented almost the same
values. Median values for 2002 campaign were 317
μS/cm and 237 μS/cm for Boulevards and Mirail
outlets respectively, 398 and 303 μS/cm in 2007 and
470 and 309 μS/cm in 2010.
pH values were greater in 2010 than during the
years 2002 and 2007. 2007 campaign presented the
best results because no sample had value above the
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upper limit: 8.5. In 2002, three and six samples had
pH values above 8.5 for Boulevards and Mirail
outlets respectively, and in 2010, fourteen (70% of
total samples) and seven samples were above this
limit. The maximum pH value obtained in 2002 was
9.43 for Mirail outlet and 9.34 in 2010 for
Boulevards outlet. These values are greater than
maximum values found by Terzakis et al. in 2008
(8.31) [5], and Zgheib et al. in 2011 (7.35) [7]. These
basic pH values can be explained by several
roadworks led in the center of Toulouse in 2010 and
maybe, fresh concrete use increased pH values.
These values were not only caused by rainwater
where pH values were between 4.1 and 8.7 in 2009
in Toulouse [14], median value equal to 5.8.
White and Cousins [15] developped a floating
treatment wetland where a reduction of 30% of pH
values was observed. This treatment system could be
sufficient to reduce pH values below the legislative
limit.
(2) Principal component analysis. Principal
component analysis (PCA) was conducted for datas
of each outlet from the three campaigns for COD,
TP, NO3-, SSM, VSM, pH, conductivity and
turbidity. The others parameters were not taken into
account because of many results less than LOQ and
for this reason, the software did not permit us to
make PCA for all the parameters.
Figure 2 presents two correlation circles with
the first two principal components for each outlet
and each line in circles corresponds to the vector of
each illustrated parameter. This representation
permits to underscore easily correlations between
parameters because co-linear variables are
significantly correlated.
The first two principal components aggregate
71% of the variance for Boulevards outlet and 67%
for Mirail outlet. The F1 component seems to
represent the organic matter (COD, SSM, VSM,
turbidity) and the F2 axe can be taken as the ionic
component (conductivity and nitrate ions) for the
two outlets.
Using these circle interpretations and linear
coefficients (R²), four significant correlations were
found (at an Į=0.05 level) for Boulevards outlet: TPSSM (R²=0.553); COD-SSM (R²=0.525) and two
strong correlations between SSM and Turbidity
(R²=0.921) and between TP and COD (R²=0.750).
The correlation between COD and SSM can be
explained by an important part of COD due to
particulate phase and especially to suspended matter.
No correlation between COD and turbidity was
found, therefore colloidal matter had no significant
impact on COD. The important correlation between
turbidity and SSM is normal because turbidity takes
into account SSM and colloidal matter. The
correlation between total phosphorus and COD can
be explained by any leakage from the wastewater
sewer or by any illicit connection in 2002 for highest
values and also by a better use of rubbish by persons
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Variables (axes F1 and F2: 71.08 % ) - Boulevards
outlet

1

Variables (axes F1 and F2: 67.26 % ) - Mirail outlet
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FIGURE 2
Correlation circles for the F1-F2 and F1-F3 axes constructed from PCA of all the datas from the three
campaigns

for their waste and for their animal excrement in
2010 with lowest values.
For Mirail outlet, correlations were different.
But the correlation between SSM and turbidity is still
present (R²=0.860). For this outlet, total phosphorus
is also correlated with turbidity (R²=0.828) and SSM
(R²=0.693), this can be explained by a possible
presence of phosphorus on particulate matter. A last
correlation between conductivity and NO3- was
observed (R²=0.516). Indeed, conductivity takes into
account ions present in water and it is possible the
concentration of nitrates represents an important part
of ions present in the stormwater and it significantly
influences conductivity values.
Urbanization of watershed can be a reason of
different correlations between outlets.

These correlations were different than
correlations found by Deffontis et al. [16] for the
2010 campaign, so the correlations between the
overall pollution parameters are different
considering a campaign during a year and different
campaigns conducted during three different years.
The quantity of datas can also explain this
difference.
Another PCA illustration permits to see each
sample on the new F1, F2 and F3 axes (Figure 3).
Each coloured point represents one collected sample
during each campaign. This PCA confirms a
significant difference between the 2007 and 2010
campaigns because they are grouped in two distinct
clusters as illustrated in the figure whereas 2002
campaign presents a wide dispersion of datas.

FIGURE 3
Correlation circles for the F1-F2 and F1-F3 axes
constructed from PCA of all the datas from the three
campaigns
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TABLE 1
Median concentrations and median annual loads for PAH, MTBE and total hydrocarbons for Boulevards
and Mirail outlet for 2002, 2007 and 2010 campaign and for dry and wet weather
The occurrence of results above LOQ is indicated into parenthesis

Units

Wet weather
2002-03

2007

2010

Dry weather
2002-03
2007

2010

Concentration
Load
Concentration
Load
Concentration
Load

μg/L
kg/an
μg/L
kg/an
mg/L
kg/an

0.072 (75%)
0.06
0.25 (7%)
0.32
0.20 (75%)
140.7

<0.01 (0%)
ND
<10 (0%)
ND
0.05 (13%)
45.9

<0.02 (0%)
ND
<0.5 (0%)
ND
0.03 (13%)
30.8

<0.04 (0%)
0.04
0.68 (50%)
1.18
0.06 (50%)
112.4

<0.01 (0%)
ND
<10 (0%)
ND
<0.1 (0%)
ND

<0.02 (0%)
ND
<0.5 (0%)
ND
0.03 (8%)
62.6

Concentration
Load
Concentration
Load
Concentration
Load

μg/L
kg/an
μg/L
kg/an
mg/L
kg/an

0.039 (64%)
0.08
<0.5 (0%)
ND
0.10 (53%)
117.3

0.005 (13%)
0.001
<10 (0%)
ND
<0.1 (0%)
ND

<0.02 (0%)
ND
<0.5 (0%)
ND
0.03 (13%)
45.8

0.02 (25%)
0.09
<0.5 (0%)
ND
<0.05 (0%)
ND

<0.01 (0%)
ND
17.5 (50%)
5.6
<0.1 (0%)
ND

<0.02 (0%)
ND
<0.5 (0%)
ND
<0.05 (0%)
ND

Boulevards outlet
3$+ 
MTBE
TH
Mirail outlet
3$+ 
MTBE
TH

(3) Trace organics compounds. The median
values of all samples were calculated for each type
of sampling weather, for each outlet studied and for
each campaign. For values below the LOQ, LOQ / 2
was used in calculations [10]. Results are shown in
Table 1.
Concentrations of trace organic pollutants were
very low for each campaign as indicated by the low
occurrence of results quantified in samples. Indeed,
in literature, Terzakis et al. [5] obtained an average
value for six PAHs equal to 0.5 μg/L in runoff water
and Rianawati and Balasubramanian [17] obtained
an average value for sixteen PAHs of 1.1 μg/L. The
concentration of studied PAHs are below NQE of
Water Framework Directive [18], therefore, the
quality of stormwater in Toulouse can be considered
as good considering these micropollutants.
For total hydrocarbons, a threshold value was
defined in French 1998 Water Act [8] as 10 mg/L.
No sample presented a concentration above this
limit. The maximum value for total hydrocarbons
was obtained in 2002 for Boulevards outlet and was
equal to 4.6 mg/L.
Dry weather loads and impact. (1) Overall
pollution parameters. The pollution generated by
each outlet is due to the pollutant concentrations
during samplings but also to the flow, because the
higher the latter the greater the quantity of pollutants
that will be carried along. Thus, to make a significant
comparison between the campaign, the outlets and
the sampling weather for this pollution, it is better to
look at pollutant loads. These calculations were
made as explained by Deffontis et al. [16]. For
values below the LOQ, LOQ / 2 was used in
calculations.

To calculate the dry weather pollutant load, the
annual rainfall and the dry weather duration needed
to be known. In 2002, the annual precipitation was
706 mm for the Toulouse region. During the year
2007, 589 mm of rain fell and during the year 2010,
the precipitation was 599 mm. In 2002, dry weather
lasted 252 days. During the year 2007, there were
276 days dry weather and in 2010, there were 260.
The results for each campaign and each outlet
are illustrated in Figure 4 where each bar represents
the total annual load and is separated in two parts:
one corresponding to dry weather load and the other
to wet weather load. The figure also shows the
percentage impact of dry weather on the annual
pollutant load.
Student or Mann-Whitney statistical tests were
made to verify the significance of the difference
between the two outlets and between sampling
weather. When a significant difference (at the
Į  OHYHO) between the pollution resulting from
the Boulevards outlet and from the Mirail one was
determined, the year of campaign was framed in
Figure 4 and when a significant difference between
the sampling weather was observed, the percentage
impact was underlined (Figure 4).
In general, the 2002 campaign had a higher
pollution load than the other ones except for COD
load in Boulevards outlet where the higher load was
obtained in 2007 and for SSM where 2010 campaign
had higher load for the two outlets. For TP, NH4+,
NO3-, SSM and VSM, 2007 campaign has generated
a less important pollution load than the other
campaign. For example, for NO3-, the pollution load
in 2007 for Mirail outlet was almost 13 times
smallest than the pollution load in 2002.
An improvement of pollution generated by
stormwater was therefore observed for these
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FIGURE 4
Annual dry and wet weather loads for the overall pollution parameters at the Mirail and Boulevards outlets
for each campaign ± The impact of dry weather discharges on the annual pollutant load are expressed as
percentages
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parameters but in 2010, an enhancement of this
pollution was observed again although the pollution
is less important than in 2002. Hypotheses were
made to explain this: an increase of fertilizers use
was made in 2010 because of an enhancement of
³JUHHQ´]RQH LQ7RXORXVHEHWZHHQDQG
For SSM and VSM, this increase of pollution load in
2010 can be explained by the enhancement of car
traffic and also by many roadworks made in 2010.
The COD pollution decrease in 2010 can be
explained by an enhanced performance of storm
sewer policy and therefore a decrease of illicit
connection and a reduction of leaks from the
wastewater sewer but also by a better behavior of
persons to clean animal excrement. This hypothesis
can also explain the decrease of nitrogen and
phosphorus loads between 2002 and 2010.
In general, for 2007 and 2010, pollution loads
were greater for Boulevards outlet than for Mirail
one. This can be explained by the more urbanized
watershed of Boulevards outlet. In 2002, COD, TN
and NO3- pollution loads were greater for Mirail
outlet. During this campaign, the greatest pollution
loads of Mirail outlet can be explained by a chemical
industry explosion occurred in 2001. Indeed, the
Mirail outlet watershed is closer to this industry than
the Boulevards outlet one. But this difference
between the two outlets was not confirmed by
statistical tests. However, these tests confirm a
significant difference between Mirail and
Boulevards outlets in 2002 for TP and NH4+
pollution loads with a greater pollution for
Boulevards outlet. The statistical tests confirm a
VLJQLILFDQWGLIIHUHQFH DWWKHĮ OHYHO EHWZHHQ
the pollution resulting from the two outlets for all the
parameters for 2007 campaign. In 2010, a significant
difference was found for all the parameters except
for TN and NO3-. In general, dry weather had an
impact on annual pollution load because dry weather
loads represents more than 50% of the annual
pollution load for most of the parameters as
illustrated in Figure 4 where the percentage impact
of dry weather on the annual pollution load is
indicated above the annual load bar. In 2002, except
COD load for Boulevards outlet, all other parameter
dry weather loads represent more than 50% of
annual load and this difference between dry and wet
weather discharge is significant for COD, TP, SSM
and VSM for both outlet, for TN and NO3- for
Boulevards outlet only. In 2007, the only significant
difference was observed for NO3- in Boulevards
outlet, this can be explained by the low number of
dry weather sampling. Indeed, only two dry weather
samples were sampled during this campaign for each
outlet. In 2010, significant differences between the
sampling weather were demonstrated for COD, SSM
and VSM for Boulevards outlet and for TP for Mirail
outlet, all calculated impact of dry weather are above
50%.
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(2) Trace organic compounds. The annual
trace organic compounds loads were calculated in
the same way as for the pollution parameters. The
results are shown in Table 1.
Given the low occurrence of results above the
LOQ for 2007 and 2010 campaigns, no conclusion
was made on annual pollution load.
In 2002, a significant difference was found for
total hydrocarbons and PAHs between dry and wet
weather for Boulevards outlet. For these molecules,
wet weather loads represents a more important
impact on annual pollution loads than dry weather
loads, this impact of wet weather is equal to 60% and
56% for PAHs and TH respectively. This difference
between the two weathers can be explained by road
leaching during rain days.

CONCLUSION
The study of water quality at two major outlets
of the Toulouse storm sewer during three campaigns
of one year was completed with the aim to look at
the evolution of stormwater quality. 107 events were
collected: 47 samples between February 2002 and
March 2003, 20 samples between February 2007 and
March 2008 and 40 samples between January 2010
and February 2010 with dry and wet weather
samples. Chemical oxygen demand, biological
oxygen demand, total nitrogen, ammonium, nitrate,
total phosphorus, suspended solid matter, volatile
suspended matter, pH, conductivity, turbidity were
characterized for all the 104 samples. Six PAHs,
methyl tert-butyl-ether and total hydrocarbons were
also researched.
A decrease of nutrient and suspended solid
concentrations was observed over the years. The first
campaign conducted in 2002 had in general the
highest concentrations and the highest pollutant
loads, this can be explained by illicit connection,
leaks from the wastewater sewer and also by a
chemical industry explosion occurred in September
2001 in Toulouse. Certain samples taken in 2002 had
levels of suspended solid matter, total phosphorus,
total nitrogen and pH that did not respect legislation
limit values, but in 2010, only SSM and pH had
values above legislation limit. Concerning trace
organic compounds, concentrations found in the
samples were very low. An impact of dry weather
discharges and of urbanization was confirmed on
annual pollutant loads whatever the year of
sampling. These results, together with strengthened
environmental quality standards raise serious
questions as to the necessity for treating storm sewer
discharge, prior to discharge into the natural
environment.
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NEUROTOXICITY ASSESSMENT OF MERCURY CHLORIDE
BASED ON THE GLIA-NEURON RATIO IN THE
CEREBELLUM OF MISGURNUS ANGUILLICAUDATUS
An Wan1, 2, Dawei Zou1, Ming Zhong1, Xiaoke Zhang2, Yunzhi Yan2, Shuqing An1,*, Yun Wan1
School of Life Science, Nanjing University, Nanjing 210093, Jiangsu, P. R. China
Research Center of Aquatic Organism Conservation and Water Ecosystem Restoration of Anhui Education Department, Anqing Normal
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discovered in 1956, more and more attention has
been drawn to the problem of water pollution.
Physicochemical measurements have been taken to
assess the pollution degree; however, they cannot
evaluate the environmental and ecological effects
brought about by water pollution [3].
Compared with physicochemical indicators and
other hydrobiological groups, fish species have a
clear designative function in assessing water
pollution. Fish are at the top of the aquatic food
chain, and their morphology, physiology and
behavior can reflect the stress resulting from
polluted water [4, 5, 6, 7]. Thus, fish have attracted
much attention in biomonitoring of water pollution.
The indicators used in fish-based assessment
normally include acute toxicity, cumulative
toxicity, reproductive toxicity and genotoxicity;
however, these measures cannot show the
neurotoxicity of pollutants directly [1, 8].
Recently, its was noted that the fish brain
plays an important role in biomagnification,
highlighting its importance in environmental risk
assessment. The cerebellum in particular is the
target of several toxic compounds [9, 10]. Thus, the
fish cerebellum could be used as an appropriate
organ for early neurotoxic pre-warning in the
evaluation of contamination [9, 10]. In this study, to
identify a suitable biomarker to indicate
neurotoxicity, mercuric chloride (HgCl2), a
neurotoxic salt [11, 12], was used as the neurotoxic
pollutant. The Chinese loach (Misgurnus
anguillicaudatus), which is widely distributed in
China, was chosen as the bioassay animal, as it
can survive in certain polluted environments [8]. In
addition, immunohistochemistry (IHC) was used to
check the cellular neurotoxic reactions of the glia
and the neurons in the loach cerebellum after
exposure to a subchronic concentration of HgCl2.
The glia-neuron ratio (GNR) was also calculated to
evaluate the degree of injury to the loach
cerebellum. The GNR can specifically identify and
quantify the most seriously injured brain cell
population [13, 14].

ABSTRACT
The aim of this research was to assess the
degree of injury in the cerebellums of loaches
(Misgurnus anguillicaudatus) exposed to a
subchronic concentration of mercury chloride
(HgCl2), based on the glia-neuron ratio (GNR).
Under
exposure
to
subchronic
HgCl2,
immunohistochemistry showed that the density of
S100-IR glial cells increased continuously and the
density of Glu-IR neurons showed a slight increase
during the first 9 days in the loach cerebellum.
Subsequently, the S100-IR glia density was
enhanced, while the density of the Glu-IR neurons
began to decrease. There was a significant timerelated increase (P<0.05) in the GNR value during
the whole course. These results confirmed that
immunohistochemistry can be an effectual tool to
detect
the
neurovirulence
of
mercury
contamination, and more importantly, that GNR can
be used to assess the neurotoxicity of pollution..

KEY WORDS:
Biomarker; Glia-neuron ratio; Immunohistrochemistry;
Loach; Cerebellum; Mercury chloride

INTRODUCTION
With the rapid development of urbanization, the
deterioration of natural surface water has become a
major environmental problem in China. Many
pollutants have been discharged into natural waters.
Even though many pollutants cannot damage the
vertebrate brain because of the protection afforded
by the blood brain barrier, still there are about 200
kinds of industrial chemicals that cause documented
human neurotoxicity [1]. Heavy metals are
especially neurotoxic pollutants: the inorganic
compounds of aluminum, arsenic, lead, lithium,
manganese, mercury and thallium are well known
for their neurological and behavioral effects on
humans [2]. Since the ³0LQDPDWD dLVHDVH´ was
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mammalian S100 protein (S100) antibody and the
glutamate (Glu) receptor antibody have been used
successfully in the goldfish and other fishes in
previous studies [21, 22, 23, 24, 25], making the
IHC method feasible.
From the serial sections, two sections were
taken at intervals of 10 sections for
immunohistochemical labeling of S100 or Glu.
Adjacent sections were used for Nissl-staining
(0.5% Toluidine Blue 37qC, 10 min) in
contaminated samples as well as control samples.
The whole process followed the normal IHC and
Nissl-staining methods used in previous reports [21,
25]. The kit containing the bovine serum,
antibodies and related immunohistochemical
reagents, was purchased from the Zymed
Corporation (South San Francisco, CA., USA ).
The anti-Glu (dilution 1:400) and anti-S100
(dilution 1:200) were rabbit anti-bovine polyclonal
antibodies.

MATERIALS AND METHODS
The loaches were caught in rice fields in the
countryside of Wuhu in Southern China. To avoid
the probable effects of pesticides and fertilizers as
much as possible, the loaches were acclimated
under laboratory conditions for 60 days in vinyl
plastic aquariums (well-aerated aquariums kept at
20 ± 2Ԩ, pH=6-7, under 12 h light/12 h dark
photoperiod) before the experiment. Active and
intact fishes, weighting of 18-22 g. with a length of
15-22 cm were collected for the study.
Subchronic contamination. To choose
appropriate toxin concentration for the subchronic
contamination test, an acute experiment was
performed to obtain the 96 h-LC50 value using a
probit assay [15, 16]. The appropriate value was
determined as 2.05 mg/L. In the subsequent
subchronic contamination experiment, all the
loaches were acclimatized for 2 days in wellaerated aquariums kept at 20 ± 2qC, pH=6±7, under
a 12 h light/12 h dark photoperiod. They were fed
in the vinyl plastic aquariums and divided into 11
groups with 30 individuals in each group. Among
these groups, one was a control group and the other
ten were contamination groups that were poisoned
subchronically with 0.02 mg/L HgCl2 (the 1/10 96
h-LC50 value according to Kong¶s method [17]).
During the whole course of the experiment, the
loaches were fed with dry daphnia in daily-renewed
water.

Quantitative analysis. After the steps
performed in section 2.4, the samples were
analyzed and photographed using image analysis
software (Image-Pro Express 5.1) under an optical
microscope (BX51, Olympus, Japan). At 400×
magnification, the density of Glu IR-cells and S100
IR-cells in the molecular layer and the granular
layer, as well as the IR-cell density (cell
number/mm2), were calculated. Only IR-cells with
a clear structure were counted.
All the data are shown as means ± SD
(standard deviation). Through single factor analysis
of variance (ANOVA), the significance of the
differences between the means was evaluated; P <
0.05 was considered significant.

Sample preparation. For sample preparation
step at each time point, ten loaches were caught
from the contamination groups and four loaches
from the control group. To avoid interference
effects, the loaches of each contamination group
were chosen only once in the whole course. All the
chosen loaches were rapidly decapitated after being
anaesthetized in 4qC water. After 48-hour fixation
in 4% formaldehyde, the brains were rinsed in PBS,
embedded in paraffin and cut into serial vertical
sections ȝP using a rotary microtome.

RESULTS
Behavior display. Compared with the
control group, the fish of the contamination groups
showed
noticeable
restlessness.
They
had normal food intake but breathed quickly
without any disturbance from the day 1 to the day
11. After 12 days, the surviving contaminated
ORDFKHV¶EHOOies and fins showed hyperemia and the
loaches reacted slowly to food stimulation. These
symptoms were similar to the ones described in a
previous in Betta splendens [26]. By the day 22, all
the loaches of the contamination groups had died.

Morphological Staining and IHC. The S100
protein immunoreaction (S100-IR) can be used as a
specific marker of the glia, because this protein
family is secreted mainly by the glia in the brain
[18, 19]. Glutamate receptors are located primarily
on the membranes of neuronal cells [20]; therefore,
glutamate-immunoreaction (Glu-IR) is used as a
marker of neurons in this paper. The anti-
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FIGURE 1
Sections of the loach cerebellum
Figure 1 suggests: The loach cerebellum includes a molecular layer (ML), a granular layer (GL), and an irregular
Purkinje layer (PL) in between (Figure 1 A). S100-IR can be clearly seen in the molecular and granular layers.
Figure 1 B indicates the S100-IR on the 9th day, Figure 1 C indicates that on the 15th day and Figure 1 D the 21st
day¶s. As for Glu-IR cells that were widely distributed in the three layers, Figure 1 E shows the control group¶V
Glu-IR cells; Figure 1 F indicates that on the 9th day, Figure 1 G the 15th day¶s. and Figure 1 H the 21st day¶s.
The bold arrow ³ ´ indicates a Purkinje-IR cell and the narrow arrow ³ ´ indicates an S100-IR cell or Glu-IR
cell (In Figure1 A, Bar=100 ȝP; In Figure 1 B, C, D, E, F, G, H, Bar=50 ȝP)
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significantly in the contamination groups from day
six onwards (Figure 2).
In the Glu immunohistochemical test, positive
reaction was demonstrated in the brown-yellow or
dark tawny neuron fiber and body. Glu-IR cells
were widely distributed in the molecular layer, the
Purkinje layer and the granular layer. The Purkinje
cells produced a positive reaction, while the
granular layer was full of small and round Glu-IR
cells (Figure 1, G, H) similar to those of mammals
[28, 29].
In addition, the density of the contamination
JURXSV¶*OX-IR cells changed with time. Before day
9, the density increased slightly; however, from day
12 onwards, the cell density began to decrease. By
day 21, it had decreased significantly (Figure 2). In
this experiment, the control samples did not show
any differnce in cell density.
The S100-IR cells of the loaches in the control
group gave a poor reaction, and they indicated no
changes in the IR-cell density with time passing by.
So WKHLUGHQVLW\FRXOGQ¶WEHFDOFXODWHGKHUH

Morphological results. The loach cerebellum
includes a molecular layer (ML), a granular layer
(GL), and an irregular Purkinje layer (PL), as
previously reported [27]. Each layer is clearly
defined with appropriately organized cell body
layers, without darkening or apparent hypotrophy
of cell bodies. The control group¶s and the
FRQWDPLQDWLRQ JURXSV¶ FHUHEHOOXPV VKRZHG a
normal gross structure, without edema, vacuolation
or necrosis (Figure. 1 A).
Immunohistochemical staining results.
Abundant S100-IR glial cells and Glu-IR neurons
ZHUH SUHVHQW LQ WKH ORDFKHV¶ FHUHEHOOXPV 6-IR
cells were clearly observed in the molecular layer
and the granular layer, similar to those of
Nothobranchius Furzeri [21], and no S100-positive
cells could be found in the Purkinje layer. All S100IR cells, except for a few irregular ones, had a
round or oval shape and a brown-yellow color
(Figure. 1 B, C, D). Comparatively, the color of the
S100-IR cells in the contamination groups was
darker. The density of the S100-IR cells increased

FIGURE 2
The Relationship between the immunoreaction cell density and the contamination time
Figure 2 shows: Time affects the density of Glu-IR and S100-IR cells significantly by multiple-comparisons.
Compared with the initial density (on the 3rd day), the density of Glu-IR cells on the 21st day shows a significant
(*P<0.05) difference. For S100-IR cells, all the groups show dramatic differences between the initial density and
that on the 6th day (*P<0.05).

GNR results. The GNR values (GNR
=Density of S100-IR cells / Density of Glu-IR
cells) were evaluated up to day 21. Compared with

the initial values on day 3, GNR showed significant
differences from day 9 onwards (*P < 0.05, Figure
3).
5663

© by PSP

Volume 25 ± No. 12a/2016, pages 5660-5667

Fresenius Environmental Bulletin



FIGURE 3
The Relationship between GNR and the contamination time
Figure 3 indicates: With increasing time, the GNR values (GNR =Density of S100-IR cells / Density of Glu-IR
cells) increased. Compared with the initial values in the 3 rd day, the GNR values show noticeable differences
from the 9th day onwards (*P<0.05).

glutamatergic neurons, and transformed into
glutamate again by the phosphate-activated
glutamate synthase [36]. Thereafter, the glutamate
is incorporated into synaptic vesicles that release it
to the synaptic cleft, starting another new cycle
>@ 7KLV SURFHVV LV FDOOHG WKH ³JOXWDPDWHJOXWDPLQHF\FOH´ZKLFKFORVHO\OLQNVQHXURQVZLWK
the glial cells in the vivo central nervous system
[36, 38, 39]. Thus mercury neurotoxicity cannot be
studied based on either glial cells or neurons alone.
The results showed that the immunoreactivity
of S100 and Glu in the contamination groups
changed with time, producing the following
findings:
1) The increasing density of S100-IR glial
cells during the first 9 days implied that glial cells
had been damaged (Figure 2), and that glial cells
had to produce the S100 protein to repair the
damage caused by HgCl2 in the cerebellum [40, 41,
@7KLVPLJKWDIIHFWWKHJOLDOFHOOV¶DEVRUSWLRQ
of glutamate. Redundant glutamate causes
activation of Glu-IR neurons [42]. In fact, the slight
increase in the density of Glu-IR neurons (Figure
2) indicated that excess glutamate did exist and that
many of the glutamate receptors of the neurons had
been activated.
2) In subsequent days, the density of S100-IR
glial cells increased continuously and significantly,
DVZDVVKRZQSUHYLRXVO\LQORDFK¶VUHWLQD>@WKH
glial cells suffered an aggravating lesion and
functional impairment. This suggested that more

DISCUSSION
Mercury is a widespread natural and
anthropogenic contaminant. Even though the
mechanisms of mercury toxicity remain unclear
[30], available data indicate that various types of
brain damage are caused by mercury in nature [30,
31, 32]. Previous studies on neurodegenerative
damage in fish exposed to inorganic mercury have
revealed disturbances to sensory capacities [33, 34],
lipid-peroxidative injury and necrotic lesions in the
brain [35].
According to previous studies using in vitro
cell culture, astrocytes (a kind of glial cell) are
damaged, while neurons showed fewer changes
during exposure to low levels of methylmercury in
monoculture.
In
co-cultures,
when
the
methylmercury concentration was increased, the
glutamate content of the neurons decreased,
whereas that of the astrocytes increased [40].
Therefore, mercury toxicity is relevant to the
interaction between glial cells and neurons. In
addition, glial cells play a protective role against
the toxic effects of mercury [40]. Indeed, glutamate
is the predominant excitatory neurotransmitter, and
a glutamate overdose is potentially neurotoxic.
After it is released into the synaptic cleft, glutamate
is removed by glial cells with the help of a variety
of ionotropic and metabotropic glutamate receptors,
and transformed into glutamine by glial cells
immediately. The glutamine is then absorbed by
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DQGPRUHUHGXQGDQWJOXWDPDWHFDXVHGE\JOLDOFHOOV¶
damage was present in the extracellular fluid. As a
result, the density of Glu-IR neurons began to
decrease from day 12 onwards, and a significant
loss of Glu-IR neurons was observed on day 21
(Figure 2). This implies serious damage to
neuronal function.
3) Normally GNR is constant in healthy
animals. Thus it can be used as an index to estimate
the health or development of the nervous system in
mammals [44, 45]. If cells are damaged, the GNR
will increase [13]. In this experiment, GNR was
FDOFXODWHG IURP IRUPXOD ³*15 'HQVLW\ RI 6IR cells / Density of Glu-,5 FHOOV´ VXFK WKDW RQO\
activated cells (IR cells) were included. Thus GNR
would changH ZLWK WKH FHOOV¶ SK\VLRORJLFDO VWDWXV
The GNR showed a tendency to increase within
increasing contamination time (Figure 3). Thus it
could indicate the neurological damage caused by
HgCl2 in the loach effectively.
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the premature fall of fruit and is also widely used in
agriculture, forestry, medical and the other areas. It
FRXOGVWLPXODWHRQH¶VVNLQDQGPXFRVD2QFHFRPLQJ
into esophagus, it lets people poisoned, and then
could cause damage to the liver and the kidney [3].
Among the many processes proposed and/or being
developed to break down pesticides, biodegradation
has received the greatest attention [4]. However,
biological treatment may be limited in application
for degradation of the complex and toxic organics as
pesticide.
Therefore, advanced methods of wastewater
treatment based on chemical oxidation which
generates powerful oxidants (hydroxyl radicals), are
gaining importance [5]. Advanced oxidation
processes (AOPs) can remove many types of micro
pollutants from water and can be used to attain the
levels of reuse parameters required by legislation [6].
The Fenton processes such as Fenton process
(FP) and Fenton-like process (FLP) are kinds of
AOPs. These processes are capable of producing
2+and efficient, fast, low-cost and easy-to-operate
technologies for pesticide removal [7].
In this study, the effects of initial pH, H2O2 and
Fe2+ or Fe3+ concentrations on percent COD
removals were first investigated. The test range of
each factor was chosen according to the needs of
kinetic studies. Then, a comparative kinetic
evaluation between FP and FLP was carried out
following the percent removal of NAA and TOC
against to H2O2 and Fe2+ or Fe3+ depletions. Kinetic
constants were also determined using the
experimental datas.

ABSTRACT
In this study, the degradation and
mineralization of 1-naphthaleneacetic acid (NAA) in
aqueous solution was examined using Fenton
processes. Various operating conditions were
evaluated including pH and the concentrations of
iron ions (Fe2+ and Fe3+) and hydrogen peroxide
(H2O2). The highest COD removal efficiency was
achieved at 0.5 mM:2 mM Fe2+:H2O2 ratio and 0.5
mM:2 mM Fe3+:H2O2 ratio at pH 3 for Fenton
process (FP) and Fenton-like process (FLP),
respectively. NAA degradation and mineralization
exhibited pseudo-first-order kinetics while the
depletion of H2O2 and Fe2+ or Fe3+ exhibited zeroorder kinetics during both processes in all
experiments. 100% of NAA degradation proceeded
via two distinctive kinetic regimes. The initial phase
of the reaction was directly attributable to the Fenton
reaction where in nearly all of the 2+ were
generated. This was followed by a slower
degradation phase, which can be thought of as a
series of Fenton-like reactions within a FP. In the FP,
the initial phase lasted longer than in the FLP
because the generation of OH proceeded at slower
rate; however, 100% degradation of NAA was
achieved. The mineralization of NAA was 31% and
39% for FP and FLP, respectively. After 24 h, H2O2
was the limiting reagent for further mineralization of
NAA intermediates present in the system.

KEYWORDS:
advanced oxidation processes; 1-naphthaleneacetic acid;
fenton processes; degradation; mineralization

MATERIALS AND METHODS
Chemicals. NAA in the purest form was
obtained from the Merck Chemical Company in
Darmstadt. Its structure and UV spectrum is given in
Figure 1. Solutions were prepared using deionized
water (R = 18 0ȍ cm-1, Millipore). Several other
chemicals, including FeSO4+2O, FeCl3+2O,
H2O2 (30%), NaOH, H2SO4 and HPLC-graded
organic solvents as water with 0.1% trifluoroacetic
acid (TFA) and acetonitrile (ACN) with 0.1% TFA
were also obtained from Merck.

INTRODUCTION
Intensive pesticide application in worldwide
modern agricultural practice to ensure production
quantity and quality has resulted in a ubiquitous
contamination problem. Consequently, there is a risk
of pesticide contamination of natural waters that
needs to be assessed [1, 2].
A kind of biochemical pesticide named 1naphthaleneacetic acid (NAA) is naphthalene
derivatives used as plant growth regulator to prevent
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sodium hydroxide (1 g) and ammonium molybdate
tetrahydrate (0.1 g) dissolved together in 500 mL
water in a volumetric flask. Solution B was
potassium hydrogen phthalate (10 g) dissolved in
water in a 500 mL volumetric flask. For analysis, 2.5
mL each of A and B were taken and mixed with an
appropriate volume of reaction solution in a
volumetric flask and diluted with deionized water.
This
mixture
was
then
analyzed
spectrophotometrically at 351 nm and the
concentration of hydrogen peroxide was obtained
from the calibration curve.
The NAA concentrations were analyzed using
an Agilent 1200 Series HPLC with a diode array
detector (DAD) (Agilent Technologies, CA, USA).
Reverse-phase liquid chromatography (3 mL min-1
flow, water with 0.1 TFA and ACN with 0.1 TFA at
a 78%:22% [v/v] ratio) with a C8-3.5 ȝm±75 mm (L)
× 4.6 mm (i.d.) ZORBAX SB column was used for
separation. To detect NAA, the detector wavelength
was set at 254 ± 20 nm. NAA standard solutions
were prepared in water in the 0.5 (100 mg L-1)
concentration range. Injection volume was 10
microliter.

FIGURE 1
Chemical structure and UV spectrum of NAA
(Ȝmax= 221 nm)
Experimental procedure. FP and FLP were
conducted at room temperature with varying Fe2+ or
Fe3+ and H2O2 concentrations and pH values to
determine the optimum concentrations for maximum
COD removal. The pH was manually adjusted to
desired range (pH 2±6) using concentrated H2SO4
and/or NaOH before starting the experiments.
Following the pH adjustment (7.5±8) after 2 min of
rapid mixing (120 rpm) and 20 min of slow mixing
(30 rpm), sedimentation was performed over 2 h
using a jar test set-up. COD was analyzed on samples
of supernatant, which were taken 2 h after
precipitation [1, 8].
NAA degradation and mineralization tests were
conducted in a 10 L reactor with mechanical stirring
at 100 rpm. After the pH of the reaction solution was
adjusted to 3, the required amounts of reagents (Fe 2+
and H2O2 for FP and Fe3+ and H2O2 for FLP) were
added to the reactor. The reactions were initiated by
adding H2O2 to the reactor. Samples were taken out
from the reactor periodically and the H2O2, Fe2+ or
Fe3+, NAA, COD and TOC concentrations were
determined analytically.

RESULTS AND DISCUSSION
Ferrous ion and hydrogen peroxide under acidic
conditions, where Fe2+ is oxidized to Fe3+ and a
strong oxidizing agent (2+) is formed and destroys
the pesticides in FP. In this process, it is well known
that a higher hydrogen peroxide (oxidant) to
pollutant molar ratio results in more thorough
substrate degradation; while higher concentrations of
ferrous iron (catalyst) yield kinetically faster
oxidation rates [13, 14].
The initial NAA concentration (0.5 mM) was
selected to be high enough to determine by HPLC,
but NAA was disappeared in 1-2 min of the reaction
at high concentrations of iron ions (Fe2+ and Fe3+)
and H2O2. Therefore a relatively low amounts of iron
ions (0.2-1.2 mM) and H2O2 (0.2-2.5 mM) were used
in the optimization experiments which enables to
obtain slower kinetics and provide favourable
conditions for the determination of reaction rates.
The test range of parameters (H2O2, Fe2+ or Fe3+) was
chosen according to the needs of kinetic studies
presented in literature [8, 15].

Analytical methods. Since FP and FLP cannot
occur at pH>10, the reaction was quenched in the
collected samples by adding NaOH and MnO2
powder to remove any residual H2O2 [2, 9, 10]. All
measurements were performed on samples that were
filtered through 0.45 ȝm Millipore membranes
(Millipore, Billerica, MA, USA) to remove Fe(OH)3
and MnO2.
TOC was determined using a Shimadzu5050ATOC analyzer. The COD was analyzed
following the APHA standard method with
potassium
dichromate.
Dissolved
iron
concentrations
were
measured
by
the
spectrophotometric 1,10-phenanthroline method
[11].
Hydrogen peroxide measurements were made
spectrophotometrically
(Hach
DR5000
spectrophotometer) at 351 nm using the I3í method
[12]. Two solutions, A and B, were prepared.
Solution A consisted of potassium iodide (33 g),

Effect of initial pH on removal efficiency.
The pH of the solution plays an important role in
Fenton process as the form of iron species and their
catalytic activities are affected by solution pH [16].
The oxidation potential of the 2+ decreases with
increasing pH from E0=2.8 V (pH 0) to E14=1.95 V
(pH 14) [17]. 7KH JHQHUDWLRQ RI 2+ are occurred
under acidic conditions. At pH values within the
range 3±7, the iron ions react with hydroxide ions to
form ferrous and ferric hydroxide complexes which
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DFFRXQWV IRU WKH FRDJXODWLRQ FDSDELOLW\ RI )HQWRQ¶V
reagent and iron tends to precipitate as hydroxide
[18].
At pH values within the range 1±2, the reaction
of H2O2 with Fe2+ is seriously affected causing the
reduction in 2+production due to 2+scavenging
by H+ ions according to Eq. 1 [8, 15];

50
Fenton
Fenton-Like
40

COD Removal (%)

2++ H+ + eí ĺH2O
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(1)

Several authors have found that the efficiency
of the FP to degrade organic compounds is reduced
both at high and low pH. Therefore, the optimum pH
for the Fenton reaction is around 3, regardless of the
target substrate [19-21].
In this study, the effect of pH on COD removal
was studied in the range of 2±6 at the experiment
condition of NAA = 0.5 mM, Fe2+ = 0.2 mM, H2O2
= 0.2 mM in FP and Fe3+ = 0.2 mM, H2O2 = 0.2 mM
in FLP. Figure 2 represents COD removal
efficiencies at different pH values by FP and FLP.
COD removal efficiency was higher in FP than FLP
although similar impression was shown for these two
systems. As shown in Figure 2, the maximum COD
removal efficiency occurred at around pH 3 for both
FP and FLP. The results obtained in this study are
similar to the studies done in literature by researchers
[17, 22-24].
At pH below 3, degradation efficiency
decreases [16]. At lower pH (pH<2.5), the formation
of (Fe(II)(H2O))2+ occurs, which reacts more slowly
with hydrogen peroxide and, therefore, produces less
DPRXQWRIUHDFWLYH2+. In addition, the scavenging
HIIHFWRI2+E\K\GURJHQLRQVEHFRPHVLPSRUWDQW
at a very low pH and also the reaction of Fe3+ with
H2O2 is inhibited. At operating pH of >4, the
decomposition rate decreases because of the
decrease of the free iron species in the solution,
probably due to the formation of Fe2+ complexes
with the buffer inhibiting the formation of free
radicals and also due to the precipitation of ferric
oxyhydroxides which inhibit the regeneration of
IHUURXVLRQV$OVRWKHR[LGDWLRQSRWHQWLDORI2+are
known to decrease with an increase in the pH [2].

30

20

10

0
2

3

4

5

6

pH

FIGURE 2
Effect of initial pH value on COD removal
from NAA-containing wastewater
(NAA = 0.5 mM; Fe2+:H2O2 = 0.2 mM:0.2
mM; Fe3+:H2O2 = 0.2 mM:0.2 mM).
COD removal efficiency decreased with increasing
H2O2 concentration 0.6±1.5 mM in FLP. This is
because of too high H2O2 concentration may cause
the scavenging effect that results in decrease in the
concentration of 2+ due to the recombination of
these radicals in reaction with H2O2 (Eqs. 2±4), and
the degradation of the NAA did not further increased
remarkably [26].
H2O2 + 2+ĺH2O + HO2
HO2 + OH ĺH2O + O2
2++ OH ĺH2O2

(2)
(3)
(4)

FLP occurred between Fe3+ and H2O2 produces
much less reactive hydroperoxyl radicals (HO2) and
these radicals do not contribute to oxidative
degradation of organic substance efficiently [2, 8].
Therefore, COD removal efficiency achieved by FP
was higher than FLP in all H2O2 range. It can be
inferred that the optimum H2O2 concentrations were
found as 2 mM and 2 mM, coinciding with the
highest COD removal efficiencies as 36% and 27%
in FP and FLP, respectively.
In this experimental study, different
impressions on COD removal were observed
between two systems with increasing H2O2
concentration especially in the ranging from 0.5 to
2.5 mM. For the highest COD removal, required
optimum amount of H2O2 in FP was higher than
required in FLP. The generation of the radicals by
fenton reagents involves a complex reaction
sequence in an aqueous solution and additional HO2
produced can participate in propagating radical chain
reactions [2]. For a greater extent oxidation of
organic compounds, this may be result in larger
consumption of H2O2 in FP than FLP.

Effect of initial H2O2 concentration on
removal efficiency. The effect of initial H2O2
concentration on COD removal was performed by
varying [H2O2] from 0.2 to 2.5 mM and at the
experiment condition of NAA = 0.5 mM, pH 3, Fe2+
and Fe3+ at 0.5 mM in FP and FLP.
The COD removal efficiency shown in Figure
3 increased with increasing H2O2 concentration in
the range of 0.2±2 mM in FP and 0.2±0.6 mM in FLP
GXH WR WKH LQFUHPHQW RI 2+ SURGXFHG WKURXJK WKH
decomposition of increasing H2O2 [2, 8, 15, 25].
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FIGURE 3
Effect of initial H2O2 concentration on COD removal from NAA-containing wastewater
(NAA = 0.5 mM; Fe2+ = 0.5 mM; Fe3+ = 0.5 mM, pH 3).
Fe2+ in FP was easy to exit in the form of
Effect of initial Fe ion concentration on
Fe(OH)2+ in acidic environment [8]. Hence, it is
removal efficiency. The effect of initial Fe ion (Fe2+
3+
desirable that the initial Fe ion (Fe2+ or Fe3+)
or Fe ) concentration on COD removal was
2+
3+
concentration should be as small as possible, so that
performed by varying Fe and Fe from 0.2 to 1.2
the sludge production from iron complex can be
mM and at the experiment condition of NAA = 0.5
reduced [2, 15].
mM, pH 3, H2O2 = 2 mM in FP and in FLP.
As seen in Figure 4, Fe2+ or Fe3+ of 0.5 mM can
The results shown in Figure 4 indicate that the
be used as an optimum concentration for both the
COD removal efficiency increased with increasing
processes. Observed COD removal efficiency at the
Fe ion concentration due to catalytic decomposition
optimum concentration by FP was higher than FLP.
effect on H2O2 induced by the initial Fe ion. Fe2+ or
Fe3+ plays a very important role in initiating the
decomposition of H2O2 to generate the very reactive
NAA degradation kinetics for FP and FLP.
To observe the degradation kinetics of the system,
OH in FP and FLP. When the initial Fe ion
the optimized Fe2+, Fe3+ and H2O2 concentrations
concentration increased, the catalytic effect also
were employed at pH 3 to degrade 0.5 mM NAA
accordingly increased [2, 8]. However, addition of
during 24 h period in aqueous solution. The results
the iron salt above 0.5 mM did not effect the percent
from these experiments are presented in Figure 5.a.
COD removal in FP and FLP.
and 5.b. for FP and FLP, respectively.
50
The NAA concentration decreases during the
Fenton
Fenton-Like
24 h period. While NAA is totally degraded within
40
300 min by FLP, 100% of NAA is degraded at the
end of 24 h by FP. NAA degradation and
30
mineralization exhibit pseudo-first-order kinetics
while H2O2 and Fe2+ or Fe3+ depletion exhibit zero20
order kinetics during both processes in all
experiments. Reaction rates are given numerically in
10
Table 1.
Although H2O2 and Fe3+ depletion proceeds
0
0.2
0.4
0.6
0.8
1.0
1.2
ver\UDSLGO\LQWKHILUVWPLQRIWKHUHDFWLRQWKH2+
Fe Ion (mM)
generation is not enough to extensively decompose
FIGURE 4
NAA in FLP. NAA degradation proceeds very
Effect of Fe ions on COD removal from NAAslowly because of the low reagent dosages (Fe3+ and
containing wastewater
H2O2) under the present experimental conditions.
(NAA = 0.5 mM; H2O2 = 2 mM; pH 3).
After 5 min of reaction time, Fe2+ or Fe3+ and H2O2
depletion decreases and the reagents reach steadyWhen higher concentration of Fe2+ or Fe3+ was
state depletion rates where these compounds
3+
used as a catalyst, a great amount of Fe in FLP or
continue to degrade NAA for 24 h, but at a very low
comes from the process of H2O2 decomposition by
rate (Table 1).
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FIGURE 5.b
Time-dependent NAA, TOC, COD, Fe3+ and
H2O2 concentrations for FLP (NAA = 0.5 mM;
Fe3+ = 0.5 mM; H2O2 = 2.0 mM; pH 3)

FIGURE 5.a
Time-dependent NAA, TOC, COD, Fe2+ and
H2O2 concentrations for FP (NAA= 0.5 mM;
Fe2+= 0.5 mM; H2O2 = 2 mM; pH 3).

TABLE 1
Reaction rates with efficiencies (%) of the NAA degradation and mineralization mechanism.
H2O2
NAA
COD
TOC
Fe
(min-1)
( min-1)
( min-1)
( mgL-1.min )
(mgL-1.min)

t = 0-5 min

t=5 min24 h
t = 0-24 h

k
r2
%
k
r2
%
k
r2
%

FP

FLP

FP

FLP

FP

FLP

FP

FLP

FP

FLP

2.7
0.99
67
0.16
0.986
100
0.193
0.985
100

0.6
0.95
11
0.155
0.94
100
0.16
0.96
98

0.125
0.993
3.9
0.014
0.976
24
0.015
0.98
27.5

0.25
0.97
5.5
0.012
0.992
21
0.013
0.98
25

0.038
0.970
56.8
0.011
0.985
100
0.011
0.992
100

0.007
0.998
2.5
0.01
0.994
100
0.01
0.990
100

0.06
0.99
23
0.0033
0.998
68
0.0037
0.975
75

0.029
0.98
12
0.00079
0.996
69
0.0008
0.982
73

0.015
0.997
4.2
0.0013
0.994
33
0.0012
0.97
31

0.017
0.98
2.7
0.00034
0.985
41
0.0003
0.97
39

This is due to a drop in the 2+ availability and lack
of an additional continuous 2+ generation source
such as UV in photocatalytic FP. For these reasons,
the reaction results in a very low steady-state
concentration of 2+[2, 10].
During the first 5 min of reaction, the initial
phase is directly attributable to FP. Degradation rate
of NAA in FP was almost 5-fold higher than
occurred in FLP. Almost all of the 2+ are generated
and most of the H2O2 (67% and 11% of total
consumption for FP and FLP, respectively) and Fe2+
or Fe3+ (14% and 22% of total consumption for FP
and FLP, respectively) are consumed. At the
beginning of the process, depletions of H2O2 and
Fe2+ corresponding the usage of H2O2 was higher in
FP and degradation of NAA was high.
After the initial phase, NAA showed a slower
degradation in FP. This is caused by the rapidly
oxidation of a large fraction of Fe2+ to Fe3+ in the
first 1±2 min of reaction time and the presence of

any amount of Fe3+ in this system at the beginning of
the reaction slows system kinetics regardless of the
concentrations of Fe2+ and H2O2 [2, 10]. After the
first 5 min of reaction until 24 h, this second phase
can be considered as a series of FLP reactions due to
Fe3+ was the predominant for the two systems [11,
27]. The degradation rates of NAA demonstrated
similar results as 0.011 min-1 and 0.01 min-1 in FP
and FLP, respectively. 7KHPDVVLYH2+JHQHUDWHG
in the first stage of FP could account for the initial
NAA oxidation, which was much slower in FLP due
WRWKHIDFWWKDWWKHJHQHUDWLRQRI2+SURFHHGHGDW
slower rate [2, 12].
When considered the overall degradation
kinetic of NAA, it was observed that FP was more
efficient than FLP at the initial phase but after that
the degradation reaction was not changed between
FP and FLP. This indicates that FP plays a more
important role than FLP only at the beginning of the
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degradation of organophosphorous pesticides and
advanced oxidation and mineralization of 3-indole
butyric acid (IBA), respectively.

process, at a time when only FP reagents and the
substrate are present [10]. Shortly after the OH are
produced, the parallel mechanisms described
between FP and FLP proceed. From these
experimental results, it can be concluded that FP
degrades the NAA faster than FLP and may be more
useful when only removal of NAA is required and
mineralization is unnecessary. These results are in
agreement with those reported in previous studies
[11].

CONCLUSIONS
The results reported above show that the
optimum conditions for 0.5 mM of NAA were
obtained at pH 3 as Fe2+:H2O2 ratio of 0.2 mM:0.2
mM in FP and Fe3+:H2O2 ratio of 0.2 mM:0.2 mM in
FLP. NAA degradation and mineralization exhibited
pseudo-first-order kinetics while H2O2 and Fe2+ or
Fe3+ depletion exhibited zero-order kinetics during
both processes in all experiments. In FP, 31% of
NAA was mineralized and 100% was degraded;
these figures were 39% and 100% for FLP. These
results show that the mineralization rate of FLP is
higher than FP, while FP and FLP demonstrate
similar NAA degradation rates. This is because after
the initial phase, FP converts to a series of FLP
reactions and parallel mechanisms proceed between
FP and FLP in NAA degradation. Total NAA
mineralization is unattainable either FP or FLP. But
if mineralization of NAA is needed, FLP gains
important due to its mineralization efficiency. The
observations related to this study indicates that
obtained high NAA degradation and mineralization
rates make Fenton processes practically applicable
for the treatment of water contaminated with NAA.

Mineralization study. The Fe2+ or Fe3+
concentrations are higher than H2O2 at the end of the
24 h, suggesting that H2O2 is the limiting reagent for
further degradation and mineralization of the NAA
intermediates present in the system. Total NAA
mineralization is unattainable by either FP or FLP
under the present experimental conditions in this
study.
As can be seen in Figure 5.a. and 5.b., 31% of
NAA mineralization arose within 24 h against 100%
NAA degradation during FP, and 39% of NAA
mineralization arose against 100% NAA degradation
during FLP. NAA degradation was much higher than
TOC removal. The great difference between
degradation and mineralization efficiencies also
implies that the products of NAA oxidation mostly
stayed at the intermediate stage under the present
experimental conditions [2, 8].
During the initial phase, almost no TOC
removal efficiency was observed (4.2% and 2.7% for
FP and FLP, respectively). However, the
mineralization rates of NAA were 12-fold and 50fold higher in the initial phase than the second phase.
This demonstrates that intermediates form by
oxidation of NAA during the initial phase. In the
second phase, NAA mineralization and TOC
removal efficiency slowly increase. This slow
mineralization occurred during both processes, and
PD\EHDWWULEXWHGWRORZHU2+ generation compared
to the initial phase as well as competitive effects with
NAA intermediates. At the end of the 24 h, H2O2 was
totally depleted [2, 27].
The COD:TOC ratio initially had a value of
3.85 and decreased to 1.44 at the end of FP. This
suggests a relatively important presence of lowchain length organic acids, including dicarboxylic
acids [12, 28]. On the other hand, the initial
COD:TOC value was 3.85 and decreased to 1.63 at
the end of FLP. This shows the lower degree of
mineralization attained compared to FLP.
Mineralization rate of NAA in FP was almost 1.2
fold higher than occurred in FLP in the second phase,
respectively.
When considered the overall mineralization
kinetic of NAA, it was observed that FLP was more
efficient than FP. This indicates that FLP was the
predominant system for the mineralization of NAA.
The same conclusion had been reported by Üstün et
al. [2] and Doong and Chang [11] for photocatalytic
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consumption of heavy metals (HM) contaminated
vegetables causes health problems because HM
interfere with normal body biochemistry [3]. The
constant use of vegetables contaminated with heavy
metals may be mutagenic or carcinogenic, causing
serious health hazards for human life [4].
The routes of deposition of HM in vegetables are
from airborne polluted environments and by
absorption through roots from the soils and
accumulation in vegetables. Heavy metals deposited
on surface can be removed easily by simple washing
but the metals incorporated into the edible parts as
bioaccumulation, are of major concern because they
are difficult to remove [5].
The aim of present study was to determine
concentrations of metals in areas of WWI, to find out
the suitability of WWI soils for vegetable development
and evaluate the pattern of transfer of metals.

INTRODUCTION

MATERIALS AND METHODS

Vegetables constitute an important part in our
daily life. With the increase in population as well as
due to increased awareness about their nourishment
value, the demand of vegetables is increasing.
Vegetables are not only a source of carbohydrates and
protein but also of vitamins and trace elements [1].
Vegetables have significant value and are used as
protective food for prevention of diseases [2]. However,

Study Area. Sargodha was the study place which
is included among large cities of Pakistan. The climate
of Sargodha varies according to season; the
temperature is high in summer and low in winter.
Sampling procedure. The fully grown vegetable
(spinach) edible portion irrigated with wastewater was
randomly collected from four different areas of
Sillanwalli, Sargodha. All the samples were taken

ABSTRACT
Bioavailability of heavy metals was determined
from soil to plant. The levels of seven different heavy
metals viz. lead (Pb), cadmium (Cd), chromium (Cr),
nickel (Ni), zinc (Zn), copper (Cu), and arsenic (As)
were analyzed in spinach. Spinach showed high level
of arsenic. It is concluded that the vegetables grown in
this region especially leafy ones are highly
contaminated with Pb, Cd, and Ni and can cause health
hazard for human consumption. Therefore, to reduce
the health risk and the extent of heavy metal
contamination, steps must be taken for efficient
treatment of sewage.
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According to the USEPA and BIS-1991 limits, all soil
samples were in safe range. Factors like soil pH,
retention in soil and rate of addition of metals mainly
affect HM adsorption [7]. Similar results were reported
by Khan et al [8] and Butt et al [9] in Faisalabad city,
Jawahar and Javed [10] in Sheikhupura and Maredke
area while Mian and Ahmad [11] reported the same
trend in Rawalpindi District, Pakistan. HM transfer
from soil to roots largely depends on texture of
soil, absorption capacity, and other physical and
chemical properties of soil [5].

randomly. Same number of soil samples was also
collected from the site of vegetable collection. The
samples were packaged in cleaned containers and
properly labeled.
Washing of samples.The collected vegetable
samples were washed with tap water and thereafter
with deionized water to remove dust particles. The
samples were then cut to small pieces using a knife.
Drying of samples. All samples (soil and
vegetable) were air-dried and then dried in an oven at
69 °C for 24 hours. All the dried samples were placed
in plastic bags.

Concentrations of metals in vegetable. Metal
concentrations in spinach are shown in table 2. Lead is
one of the major metals of concern in terms of
contamination. Although maximum permissible limit
of lead by Indian standard is 2.5ppm and by WHO
standard is 5ppm, data showed that in spinach, lead
concentration is above than permitted level. The data
showed that there is more lead accumulation in spinach.
Lead is a toxic heavy metal that is dangerous to
vegetables but vegetables showed high degree of
accumulation without any apparent change in
appearance or yield [12]. Due to long half life (30
years), Cd acts as toxic metal [13] and causes health
problems [14]. Based on different vegetables, their
physical and chemical properties, vegetables can
readily absorb cadmium from soil and therefore,
cause food chain contamination. The data showed
that the concentration of cadmium is higher than its
permissible value. Similar results were obtained by
Schuhmacher [15]. The chromium content in current
study ranged from 9.19 ppm to 13ppm.The permissible
limit of chromium by Indian standards is 20ppm. Our
data showed that in spinach, value is less than the
maximum permissible value set by Indian standard.
Nickel concentrations in vegetables are simple
function of nickel concentrations in soil so nickel is
easily extracted by vegetables from the soil [16]. The
concentration of nickel in the vegetables simply
indicated concentration of bioavailable form of nickel.
Deficiency of nickel causes serious metabolic
problems in humans, while excess intake leads to
physical issues. The safe maximum value of Ni is 3-7
mg/day in humans [17].The maximum permissible
limit of nickel is 2ppm. During present study, Zn
showed lower concentration as compared to PML.
Copper is a hazardous metal at high concentrations.
7KHUHFRPPHQGHGGDLO\LQWDNHRI&XLVȝJJí1 [18,
19]. Sharma et al., [20] reported that, Cu
concentrations (2.25-5.42 mg kg-1) in vegetables were
within safe limit. Present study revealed that, leafy
vegetables accumulated Cu below critical level and can
be used by public and present results are similar to the
findings of Banerjee et al., [21]. In current study, As

Sample digestion.The chemical analysis of
heavy metals in the soil and vegetable samples
involves the acid or wet digestion of samples. In a
beaker, one gram of sample and 10 ml of sulphuric acid
(H2SO4)and 4ml of perchloric acid (HClO4) was added.
The content was mixed and heated on hot plate at
180°C. The content was continuously heated until
solution become transparent. After cooling, the
solution was filtered with Whatman No. 42 filter paper
and volume up to 50 ml was made by adding deionized
water.
Instrumental
analysis
and
standard
preparation. Standard solutions of the heavy metals
were prepared using their salts. The standards were
prepared from the individual 1000 mg/L standards. The
samples were analyzed for metals, using the Atomic
Absorption spectrophotometer (AAS). The instrument
was calibrated using standard solutions of cadmium,
chromium, lead, copper and zinc. The preserved water
samples were also analyzed using AAS after
calibration using standards.
Statistical analysis. SPSS 20 was used for
statistical analysis. One-way ANOVA was applied to
the data for metals and metalloids in soil and
vegetables.
Transfer factor. The transfer factor was
calculated according to Cui et al. [6].
TF= concentration of metal in edible
part/concentration of metal in soil

RESULTS AND DISCUSSIONS
Concentrations of heavy metals in soil.The
results showed Pb, Cd, Cr, Ni, Zn, Cu and As
concentration with an average value of 35.66±3.91,
0.408±0.6,
65.29±6.4,
31.6±6.5,
55.31±10.3,
22.67±2.14 and 0.035±0.01 respectively (Table 1).
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TABLE 1
Concentrations of heavy metals in soil (mean±S.D)

Soil
USEPA [25]

Pd
35.66±3.91
300

Cd
0.408±0.6
3

Cr
65.29±6.4
400

Ni
31.6±6.5
50

Zn
55.31±10.3
200

Cu
22.67±2.1
50

As
0.035±0.01
0.07

TABLE2
Concentrations of heavy metals in Spinach
Metals

Pb

Cd

Cr

Ni

Zn

Cu

As

Values
(mg/kg±SD)
Permissible
Values

25.52±8.70

0.765±0.03

12.92±0.43

12.69±1.

34.52±0.636

27.18±2

0.08±0.4

5

0.2

20

2

60

40

0.075

TABLE 3
soil-vegetable Transfer Factor (TF) of Heavy metals
Transfer factor
Heavy metals
Pb
Spinach
0.715

Cd
1.875

Cr
0.197

Zn
0.62

Cu
1.19

As
2.4

REFERENCES

concentrations were lower as reported by researchers
who have studied vegetable samples grown in
agricultural soils high in As content [22]. As
concentrations in current samples were below the
detection limit of 0.075μg/g. Arsenic effects can be
seen years after exposure and is considered to be a
human carcinogen [23].
Transfer factor (TF).Transfer factor was based
on the metals absorption by roots [24]. The values of
TF of metals were below one (1) except for As and Cd
(Table 3). High TF was observed for Cr and low for As.
High TF of metals could be due to high mobility of
metals and resulted in different health problems.

[1] Abdola, M. and J. Chmtelnicka, (1990). New
Aspects on the Distribution and Metabolism
of Essential Trace Elements after Dietary
Exposure to Toxic Metals. Biological trace
element research journal., 23: 25-53.
[2] '¶0HOOR -3)
  )RRG VDIHW\ 
Contamination and Toxins. Centre for
Agriculture
and Biosciences
International Publishing; Wallingford, Oxon, UK,
Cambridge, M.A. p. 480.
[3] Damek-Poprawa M, Sawicka- -Kapusta K.
(2003). Damage to liver, kidney and teats with
reference to burden of heavy metals in yellownecked mice from areas around steelworks and
zinc smelters in Poland. Toxicology 186(1-2):
147-158.
[4] Das AK. (1990) Metal Ion Induced Toxicity and
Detoxification by Chelation Therapy, 1st ed.,
Delhi: CBS.
[5] Naser HM, Shil NC, Mahmud NU, Rashid MH,
Hossain KM. (2009) Lead, Cadmium and Nickel
contents of vegetables grown in industrially
polluted and Non-polluted areas of Bangladesh,
Bangladesh J Agril 34(4), 545- 554.
[6] Cui YJ, Zhu YG, Zhai RH, Chen DY, Huang YZ,
Qui Y, Liang ZJ. (2004) Transfer of metals from

ACKNOWLEDGEMENTS
The Higher Education Commission, Pakistan is
acknowledged for providing the financial support
through a research project # 2484/13 to the first and
second authors. The authors thank all the supporters of
this project and the referees for their constructive
comments.
Declaration of Interest. The authors declare that
there is no conflict of interests regarding the
publication of this paper.

5678


Ni
0.401

© by PSP

Volume 25 ± No.12a/2016, pages 5676-5679

Fresenius Environmental Bulletin



[7]
[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

near a smelter in Nanning, China. Environmental
International 30, 785-791.
McBrid MB. (1994) Environmental Chemistry in
Soils. Oxford Uni. Press, Oxford.
Khan A, Ibrahim M, Ahmad N, Anwer SA. (1992)
Studies on accumulation and distribution of
heavy metals in agricultural soils receiving
sewage effluents irrigation. In: Proceedings of 4 th
National Congress of Soil Science, 24-26 May,
1992. Islamabad, 607-609.
Butt MS, Sharif K, Bajwa BE, Aziz A. (2005),
Hazardous effect of sewage water on the
environment; focus on heavy metals and
chemical composition of soil and vegetables.
Management of Environmental Quality16(4)
338-346.
Jawahar A, Javed MA. (1997) Accumulation and
distribution of Cd++ and Pb++in sewage, effluent
irrigated soils. Journal of Engineering and
Applied Sciences 16 (1), 43-47.
Mian Z, Ahmad T. (1997) Cd, Cu, Ni and Pb
accumulation in soils and plants of river Soan
near industrial area, Model Town, Humak,
Islamabad. In: Proceedings of National
Symposium on Modren Trends in Contemporary
Chemistry
on
Environmental
Pollution,
Islamabad, Pakistan, 313-317.
Wierzbicka M. (1995) How lead loses its toxicity
to plants. Acta SocietatisBotanicorumPoloniae 64,
81-90.
Malik A. (2004) Metal bioremediation through
growing cells. Environment Internaϋtional, 30,
261-278.
Ahluwalia SS, Goyal D. (2007) Microbial and
plant derived biomass for removϋ al of heavy
metals from wastewater. Bioresource Technology
98, 98-2243.
Schuhmacher, M., M.A. Bosque, J.L. Domingo, J.
Corbella. (1991) The Bulletin of Environmental
Contamination and Toxicology 46, 320-328
PendiasK, Mukherjee J. (2007) trzce element
from soil to human. Berlin: Springer-verlag.
ATSDR. (1999) Toxicological Profile for
Cadmium. US Department of Health and Human
Services, Public Health Service 205-93-0606.
Nair M, Balachandran KK, Sankarnarayan VN,
Joseph J. (1997) Heavy metals in fishes from
coastal waters of Cochin, South West Coast of
India. Indian Journal of Marine Science 26, 98100.
NRC (National Research Council). (1989)
Recommended
dietary
allowances.

[20]

[21]

[22]

[23]

[24]

[25]

Received:
Accepted:

13.10.2015
20.07.2016

CORRESPONDING AUTHOR
Zafar Iqbal Khan
Department of Botany, University of Sargodha,
Sargodha, Pakistan
Email: zikhan11@gmail.com

5679


Subcommittee on the Tenth Edition of the RDAs,
Food and Nutrition Board, Commission on Life
Sciences,
National
Research
Council.
Washington, DC: National Academy Press.
Sharma RK, Agarawal M, Marshall FM. (2006)
Heavy metal contamination in vegetables grown
in waste water irrigated areas of Varanasi, India.
Bulletin of Environmental Contamination and
Toxicology 77,311-318.
Banerjee D, Bairagi H, Mukhopadhyay S, Pal A,
Bera D, Ray L. (2010) Heavy
metal
contamination in fruits and vegetables in
two districts of West Bengal, India.
Electronic journal of environmental, agricultural
and food chemistry 9(9),1423-1432.
Kim JY, Kim KW, Lee JU, Lee JS, Cook J. (2002)
Environmental Geochemistry and Health ±
Springer, 24, 215-227.
ATSDR (Agency for Toxic Substances and
Disease Registry). (2007) Toxicological profile
for Arsenic.US Department of Health and Human
Services,
Public
Health
Service.
In:
http://www.atsdr.cdc.gov/
toxprofiles/phs132.html.
Lokeshwari H, Chandrappa GT. (2006) Impact
of Heavy Metal Contamination of Bellandur
Lake on Soil and Cultivated Vegetation. Current
Science 91 (5), 622 ± 627.
USEPA (US Environmental Protection Agency).
(1997) Exposure Factors Handbook. volume IIFood Ingestion Factors. EPA/600//P-95/002Fa.
Office of Research and Development.
Washington, DC, USA.

Volume 25 ± No. 12a/2016, pages 5680-5688

© by PSP

Fresenius Environmental Bulletin

APPLICATION OF NO3/AL INDEX FOR ASSESSING
ALUMINUM PHYTOTOXICITY OF WINTER WHEAT
(TRITICUM AESTIVUM L.) AND SUGAR BEET (BETA
VULGARIS L.) IN ARABLE SOILS
Jean Diatta1,*, Witold Grzebisz1, Dorota Swedrzynska2, Arkadiusz Swedrzynski3, Jerzy Nawracala4
1

Poznan University of Life Sciences, Department of Agricultural Chemistry and Environmental Biogeochemistry, ul. Wojska
Polskiego 71F, 60-3R]QDĔ3RODQG
2
Poznan University of Life Sciences, Department of General and Environmental Microbiology, ul. Szydlowska 50,
60-656, Poznan, Poland
3
Poznan University of Life Sciences, Department of Grassland and Environmental Landscape, ul. Dojazd 11, 60-632, Poznan, Poland
4
Poznan University of Life Sciences, Department of Genetics and Plant Husbandry, ul. Dojazd 11, 60-632, Poznan, Poland

ABSTRACT
Acid soils are still a constraint for
agrochemists as well as crop plant breeders and
growers. The emerging acidity activates aluminum,
which becomes harmful for crop plants at relatively
high levels. Under such conditions, plant growth
and the consecutive formation of dry matter are
strictly controlled by nitrogen and aluminum. The
boosting properties of nitrogen versus the
depressing effect of aluminum are considered as
agrochemical driving forces potentially regulating
cropping goals. The field study (agricultural farm in
Western Poland) was scheduled on the basis of the
concept illustrated on the graph 1. It was assumed
that the index NO3/Alex (ratio of nitrate to
exchangeable aluminum) should be a targeted
parameter for evaluating their pH-mediated
geochemical interactions and the resulting effects
on crop plant growth. Next, two contrasting crop
plants i.e., winter wheat (Triticum aestivum L.) and
sugar beet (Beta vulgaris L) were used for
calibrating the biomass and elaborating ranges of
NO3/Alex indices. On the basis of the study, four
operational NO3/Alex ranges were elaborated and
implemented within the values < 0.50 to 2.00 (for
winter wheat) and < 0.35 to 1.40 (for sugar beet).
Experimental sites were characterized by less
favorable growth conditions, specifically for sugar
beet with 85% of root biomass formed at NO 3/Alex<
0.35. The same applies for winter wheat with
slightly improved growth medium (i.e., 75% of
green biomass established at NO3/Alex< 0.50. The
NO3/Alex phytotoxicity index was conceived as a
simple, easily applicable, but critical tool for
assessing crop plant response under acidification
FRQVWUDLQWV ZKHUH WKH ³FXUDWLYH´ DSSOLFDWLRQ RI
nitrogen seems to be the sole aluminum salutary
³HVFDSHPHQW´

KEYWORDS:
NO3/Alex index, nitrate, aluminum, acid
phytotoxicity, winter wheat, sugar beet, biomass

soil,

INTRODUCTION
,Q WKHLU WUHDWLVH HQWLWOHG ³7KH DFLG VRLOV RQH
RI DJULFXOWXUH¶V ODVW IURQWLHUV´ %RUODXJ and
Dowswell [1] narrated among others on the struggle
for narrowing the gap between the geometric
population increase versus arithmetic food
production. The protection of agricultural soils is
essential for maintaining the production and
ensuring a high quality of agricultural products. The
latter one is affected by a wide range of production
factors of which soil quality i.e., fertility and
productivity are of prime importance [2, 3]. Soil
acidification controlled basically by aluminum (Al)
has been considered for long decades as a result of
geochemical degradation, particularly in the case of
agricultural lands [4, 5, 6]. An estimated 30±50% of
the world¶s potentially arable land is acidic and
current agricultural practices, along with acid rain,
are causing a rise in the rate of soil acidification [7].
Although the poor fertility of acid soils is due to a
combination of mineral imbalances and deficiencies
(calcium, magnesium, phosphorus, molybdenum),
aluminum toxicity is the single most important
factor being a major constraint for crop production
about 67% of the total acid soil area [8, 9]. This
process is still a matter of a great concern in Poland,
too. According to Siebielec et al. [10], 20% of
polish arable soils exhibit very acid pH (below 4.5),
but 35% are characterized by acid pH (4.5 ± 5.5),
both representing therefore 55% of arable soils. The
slightly acid pH covering the range 5.6 ± 6.5
accounts for 35%, only.
Aluminum is widespread in agricultural soils
and its toxicity is a limiting factor strongly
constraining crop production throughout the world
[11, 12, 13, 14]. The major sources of dissolved Al
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include a number of operationally defined pools,
such as exchangeable Al, organically bound Al,
amorphous Al oxide and crystalline Al oxides.
Consequently, our understanding of Al solubility in
soils is limited and largely based on equilibrium
assumptions of few Al-containing minerals, e.g.
gibbsite [Al(OH)3]. In soils with a pH of 5.5 and
below, Al becomes soluble and forms phytotoxic
cations, Al(H2O)63+ (also known as Al3+) and
Al(OH)2+, that are rapidly taken up by plant roots
[15]. However, several studies suggest that
dissolved Al does not follow gibbsite equilibrium
[16]. Column experiments performed by Dahlgren
et al. [17] indicated that inter-layer Al may control
the solubility of this metal in mineral soils. Soil
solutions in organic-rich horizons are often
undersaturated with respect to dissolved Al, which
may be controlled by cation exchange [18], or
complexation reactions [10]. The improvement of
crop production on acid soils has been undertaken
for long time via surface application of lime [20],
the use of plant species exhibiting Al tolerance [21]
or the incorporation of Al-precipitating substances
such as sulphates [6, 22]. The geochemical
constraints related to acidification and their impact
on plant growth force farmers to focus more and
more on nitrogen [for example (NH4)2SO4,
NH4NO3, CO(NH2)2] for mitigating aluminum
phytotoxicity. The application of ammonium
sulphate (physiologically acid fertilizer) may
generate acidification and nitrification processes
potentially increase the soil concentrations of
nitrates. The latter ones belong to nitrogen forms
readily, easily and taken up in large amounts by
crop plants, winter wheat and sugar beet, among
others [9, 23, 24, 25].
The side effects of nitrate ions may strengthen
soil acidification, which in turn impairs plant
growth, particularly in mineral light soils [26].
Wheat and sugar beet are plants, that require
adequate soil conditions (i.e., slightly acidic to
neutral pH, abundance of all nutrients) for
establishing a good stand preceding proper yields of
grains and taproots, respectively [27, 28]. Their
aluminum tolerance has been reported as relatively
low. Several studies [21, 29, 30, 31] have shown
that rye has the highest tolerance, followed by
triticale (X Triticosecale Wittmack), wheat
(Triticum aestivum L.), and barley (Hordeum
vulgare L.). Sugar beet is particularly sensitive to
acidification (emergence of high levels of
manganese and aluminum), which significantly
reduces the photosynthetic activity and further
slows down sugar build up [32, 33]. Polish arable
lands are mostly cropped by wheat and sugar beet,
even on the 55% of soils representing very acid and
acid pH (pH below 5.5). Crop productivity hardly
IXOILOV IDUPHUV H[SHFWDWLRQV GHVSLWH WKH ³VDOXWDU\´
effect of applied nitrogen. Therefore a question
arises on the geochemical relationships of NO3 and
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Al, the biomass response of wheat and sugar beet at
their early growth stages.
The aim of the field studies was to elaborate
and verify a geochemical index (NO3/Alex ±
exchangeable aluminum) under acidification
conditions. Most specifically, the index was used
for quantifying the biomass response of winter
wheat and sugar beet in order to evaluate the
potential aluminum phytotoxicity. Operational
NO3/Alex ranges and their practical use are
suggested.

MATERIALS AND METHODS
Briefing of historical background of
experimental fields. Experimental fields were
established at Gluszyna Lesna (52o14,N and
16o56,E, Poznan, Poland), an agricultural farm,
which has been receiving for more than 20 years,
waste waters and diluted sludge from the
Wielkopolska Potatoe Industry. Waste waters and
diluted sludge (pH ca 4.0) were sprinkled within the
framework of a project entitled: agricultural use of
waste waters and diluted sludge from potatoes
processing. This practice led to a serious
degradation of soils within the agricultural farm,
which is currently facing the problems related to the
so-called
anthropogenically
induced
acid
degradation of arable soils.
Experimental schedule - soil and plant
sampling. Static field trials were established on a
light soil (Spodosol) with winter wheat (Triticum
aestivum L.), variety Tonacja and sugar beet (Beta
vulgaris L), variety Marcepan used as test plants.
These crop plants were grown on plots
characterized by an area of 10 m x 6 m which were
replicated 5 times. Four rates of nitrogen (NH4NO3)
were established as follows: 0, 60, 120 and 180 kg
N/ha.
Winter wheat was sown at fall 2006, but
nitrogen was applied at spring regrowth (i.e., 2007).
Soil samples were collected before nitrogen
application at regrowth and additionally along with
plant samples at the growth stage BBCH 50
(corresponding to pre-anthesis). Whole green wheat
plants were cut nearby soil surface from an area of
50 cm x 50 cm (0.25 m2) from 5 points per plot and
combined to form a representative sample. Part of
soil samples were frozen (to hamper any alterations
of nitrogen compounds) and plant samples were
dried at 60oC for 4 days before weighing. Sugar
beet was grown in 2008 on the same treatments
after winter wheat. Soil samples were collected
before seed bedding and at the 7-8 leaves (i.e., 70
DAE ± days after emergence) growth stage. In the
case of sugar beet, the collected plant materials
were directly weighed under field conditions for
recording the fresh biomass. This approach has
5681
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effects has been undertaken via several ways, but
the frequently reported descriptive parameters are
pH, total acidity, which further appear convincing
for liming intervention. The last one faces various
agrotechnical problems related basically to the
frequency of liming. In most cases, farmers tend to
³RYHUFRPH´WKLVLQFRQYHQLHQF\WKURXJKRXWQLWURJHQ
supply to growing plants. Such practice may
worsen growth potential of plants by strengthening
secondary soil acidity. The conceptual illustration
reported on the Fig. 1, outlines the trends resulting
from the interactions between acidity (expressed as
exchangeable aluminum, Alex) and soil nitrates (fast
response of crop plants to this form of nitrogen),
[26, 36].

been considered, due to the fact, that taproots are
basically consisted of water and assimilates,
therefore the drying process will alter irreversibly
the weight.
Chemical analyses of soil samples. Soil
samples were collected at the depths 0 - 30 cm.
Prior to chemical analyses, part of soil samples
were air-dried at room temperature for 4 days,
crushed to pass a 1.0 mm screen and stored in
plastic bags before chemical analyses. The pH was
determined potentiometrically (w/v, 1:5) after
shaking the slurry in 0.010 mol CaCl2 /l for an hour
according to [34]. Exchangeable aluminium (Alex)
was determined by using 1 mole KCl /l for
displacing Al ions [35].The recovered extracts were
analyzed by the FASS method(Varian Spectra AA ±
250 Plus).
Nitrates were extracted from moist soil
samples (after defreezing) as follows: 5.00 g of
moist soils were weighed into plastic tubes and 50
ml 0.010 mol CaCl2 /l were added. The mixture was
shaken for 1 hour on an end-over shaker and next
filtered. The concentrations of nitrates in extracts
were analyzed by using a continuous flow
spectrophotometry device (FOSS Tecator - FIAstar
5000). Nitrate contents in investigated soils were
expressed on dry weight basis (after drying moist
samples).
All chemical analyses were performed in
duplications. The elaborated phytotoxicity index,
i.e. NO3/Alex was obtained as a quotient of soil
contents (on kg /ha basis) of both nitrates and
exchangeable aluminum. Linear regressions were
established for this index with winter wheat as well
as sugar beet biomass. Graphs were made by using
Excel® Sheet facilities.

FIGURE 1
Conceptual illustration of NO3 and Al
geochemical interactions (Authors)
As it can be observed, aluminum phytotoxicity
is the driven force, which controls both NO3
assimilation and plant growth. Data listed in Table
1, consequently show that the experimental site has
undergone acidity-based degradation, since the
mean pH (in 0.010 CaCl2 / l) is ca 4.6. It should be
mentioned, that the values fluctuated quite widely,
from 3.8 to 5.7 (for winter wheat) and 3.9 to 6.1
(for sugar beet). The particle size distribution
implies, that soils of the experimental sites are
decidedly sandy (mean sand fraction 726 g /kg with
a range of 670 ± 790 g /kg), which may increase the
activity of aluminum ions in the soil solution. The
same applies for NO3, too.

RESULTS AND DISCUSSION
Nitrates and aluminum interaction under
acidification conditions. Processes related to soil
acidification seem to be restricted in most cases to
the presence of aluminum and/or hydrogen ions as
well as manganese. The evaluation of the resulting

TABLE 1
Selected physical and chemical characteristics of the experimental sites
Statistical
Description
(n = 40)
Min.
Max.
Mean
SD*
*

Particle size (mm)
Sand
Silt
Clay
1 ± 0.05
0.05< 0.002
0.002
670
120
60
790
180
180
726
40

148
20

128
35

Winter wheat site
NO3
Alex
pHCaCl2

kg ha-1

Sugar beet site
NO3
pHCaCl2

Alex

kg ha-1

3.8
5.7

49.5
90.4

73.5
255.4

3.9
6.1

78.5
40.6

307.6
61.0

4.6
0.48

57.2
22.2

157.6
64.2

4.7
0.42

66.8
13.8

117.4
73.4

Standard Deviation
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The emergence of potential aluminum
phytotoxicity under such conditions depends on two
factors, i) pH and ii) concentrations of Al3+. On the
basis of the diagram of Al dissolution, as described
by Lindsay [37], monomeric Al forms (i.e., Al 3+)
are expected at pH < 5.0 and most precisely at pH
<4.7, whereas less phytotoxic forms, Al(OH)2+,
Al(OH)2+, emerge within pH range 5.0 - 6.5. Blake
et al. [38] suggested that in acid soils, aluminum
prevails as Al(H2O)63+ (simply Al3+) and the pHdependent aluminum hydrolysis follows:
Al3+ + HOH ÅÆ AlOH2+ + H+
pH < 4.2
pH 4.2 ± 5.5
AlOH2+ + HOH ÅÆ Al(OH)2+
Al(OH)2+ + HOH ÅÆ Al(OH)3 + H+ pH > 5.5

According to Dlapa et al. [39], the
concentrations of quickly reacting Al in soil
extracts were a much more sensitive indicator of the
increase in aluminum toxicity to plants in
comparison to total Al concentrations with the
particularity, that soil acidification strengthens the
activity of more toxic Al species. At this level, it
should be mentioned that supplying crop plants
with nitrogen (particularly nitrates) may be
beneficial [40]also for counteracting the effect of
aluminum toxicity [26].
NO3/Al versus winter wheat and sugar beet
biomass ± calibration approach. Soil acidity and
the resulting Al phytotoxicity is a matter of many
investigations [39, 41, 42] and still a challenging
topic for soil and plant scientists. It is known, for
years that roots usually are the most sensitive
organs, and that aluminum causes fast inhibition of
the elongation of the main axis and restriction of
lateral root development leading to a short stunted
root system [4, 5, 14]. For the purpose of the
current study, two crop plants of contrasting
physiology and morphology of the root systems
have been considered (Table 2). Next, these test
plants are sensitive both to soil acidity and
particularly to the presence of high levels of
exchangeable as well as active forms of aluminum
in the soil solution [43, 44, 45].
Data reported in Table 2 show that winter
wheat biomass spanned widely within the range
3.83 ± 5.49 t ha-1, (mean: 4.66 t ha-1). This is
apparent, since the effect of nitrogen (boosting
biomass formation) was strongly controlled by the
level of phytotoxic aluminum [46]. This has been
clearly evidenced by the relationship reported
graphically on the Fig. 2, where the content of
nitrates (NO3) in the soil, even very acid as in the
case of the current study, stimulated the build up of
winter wheat biomass. The obtained linear
regression was characterized by a coefficient of
determination (R2) of 0.49, which is indicative of
the occurrence of additional growth limiting factors
slowering the net efficiency of soil NO3. The
impact of exchangeable aluminum (Alex) was much
more pronounced since the R2 = 0.67.
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TABLE 2
Winter wheat plants collected at BBCH 50 (preanthesis) and sugar beet at the 7-8 leaves (70
DAE ± days after emergence)
Winter
Statistical
Taproots Leaves
wheat
description
biomass
(n = 40)
Fresh biomass
(Dry
weight)
t ha-1
Min.
3.83
4.26
6.04
Max.
5.49
14.28
15.58
Mean
4.66
9.13
6.66
SD*
1.05
3.03
4.32
*
Standard Deviation
The intersection of both regression lines
corresponded to a pre-anthesis winter wheat
biomass of ca 5.0 t /ha versus NO3 in the range 70
± 80 kg /ha. This shows that the biomass response
will be 67% fully controlled by Alex levels, but the
alleviating effect of NO3 should proceed efficiently
throughout the vegetative growth period, most
probably up to post anthesis.

FIGURE 2
Variations in winter wheat dry biomass
(BBCH 50) as regulated by nitrate and
exchangeable aluminum in investigated soils
The NO3/Alex phytotoxicity index was
elaborated as a simple, easily applicable, but critical
tool for assessing crop plant response under
acidification constraints. Three operational factors
are considered as of prime importance for a rough
calibration of this index: NO 3 content in soils and
plant biomass at a given growth stage. These factors
are potentially altered (i.e., under farmers control)
by agricultural practices [47, 48]. Only
exchangeable aluminum levels are geochemically
naturally regulated, but also controlled, not
constantly by farmers (for instance liming and/or
input or organic fertilizers). According to
Donaldson et al. [49] winter wheat straw harvested
under not limiting growth conditions is on average
6.0 t /ha. In the case of the current study, one may
expect a lower straw biomass to ca 5.0 t /ha.
Therefore, at pre-anthesis it will be estimated for
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the range 3.5 - 4.5 0 t /ha. The relationship reported
on the Fig. 3, implies that about 65% of wheat
biomass (reference biomass yield 4.25 t /ha)
responded much more positively to the calibrating
effect of NO3/Alex index, contrarily to 35% of the
biomass below the reference. This situation has
been fully outlined by the linear regression
characterized by a coefficient of determination R2 =
0.62. The 0 < NO3/Alex> 0.5 range deserves
particular attention, since the recorded biomass
varied between 3.6 to 5.1 t ha-1. The explanation of
this special case is that the NO3/Alex index is
applicable even under conditions significantly
limiting plant growth as well as for optimal growth
media, i.e., less soil acidity and efficient NO3action.

FIGURE 3
Relationship between winter wheat dry biomass
(BBCH 50) and NO3/Alex indices - calibration
trial
One of the most frequently used parameter for
describing biomass accumulation of sugar beet is
the taproot-leaf weight ratio (TLWR), whose value
(based on mean taproots and leaves weight, Table
2) is 1.37. This implies, that the growth and
development of taproots under such unfavorable
soil conditions was not significantly limited. The 78 leaves (i.e., 70 DAE ± days after emergence)
growth stage is considered as critical, therefore may
be indicative of the occurrence of factors impairing
plant growth. According to Snyder et al. [50], the
TLWRs of sugar beets at 80, 120 and 160 days (i.e.,
technological maturity) of growth were ca 1.8, 5.0
and 8.5, respectively. Next, field trials carried out
by Theurer [51] on five varieties/genotypes of sugar
beets revealed, that the TLWRs at 50 days of
growth varied from 0.45 to 0.77. In their study on
the growth and dry matter partitioning in sugar beet
plants, Choluj et al. [52] have found, that TLWRs
of sugar beets were 1.52, 2.50 and 2.88,
respectively at 63, 92 and 141 DAE, despite the
imposed water shortage. The evaluation of the
impact of growth limiting factors revealed, that
under soil acidity (and Al toxicity), the TLWR
value was 1.37 (this current study) as compared to
1.52 in the case of temporary drought. This implies,
that aluminum tends much more to limit and even
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reduce sugar beet biomass accumulation as should
do water shortage. At present, however, firm
evidence is lacking as to confirm such statement,
but the reported TLWRs (i.e., 1.37 and 1.52) may
initiate a new research endeavor.
Sugar beet is a crop plant characterized
specifically by a high concentration of assimilates
(ca 80% of water content) from earlier days of
growth up to technical harvest [51, 52, 53, 54].
Hence, the fresh biomass was used for performing
the NO3/Alex calibration process as illustrated on
the Fig. 4. For this purpose, two biomasses have
been considered, i) taproots and ii) taproots with
leaves. This dualistic approach seems more
convincing, since the response of sugar beet to any
growth factors at early stages is controlled by the
shoot (TLWR basically below 0.50). This ratio
alters dynamically with progressing growth and
crosses 1.0 (taproot = leaves biomass) within the
period 65 ± 75 DAE ± days after emergence. Such
high biomass accumulation may exhibit some
susceptibility to factors both boosting and
maintaining the potential growth (for instance
nitrogen) as well as those growth-constraining, i.e.,
acidity along with aluminum toxicity. The
regressions established for the pairs NO3/Alex versus
taproots and whole plant are characterized by
coefficients of determination (R2) of 0.43 and 0.55,
respectively. The calibration value appears much
more operational, when considering the whole
biomass, since 51% of biomass response may be
undoubtedly described by the tested index. Next,
the difference in NO3/Alex ³VHQVLWLYLW\´ IRU WKH
mentioned pairs is 12% (55-43%), and is attributed
to the effect of leaves at this critical stage of sugar
beet growth. It should be mentioned, that the
physiological role of leaves is still of prime
importance, even at the TLWR value of 1.37 (i.e.,
taproot biomass > leaves).

FIGURE 4
Relationship between sugar beet fresh biomass
(7-8 leaves i.e., at 70 days after emergence) and
NO3/Alex indices - calibration trial
Operational ranges of NO3/Al and their
applicability. Winter wheat and sugar beet are crop
plants cultivated worldwide under various soil
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conditions,
where
nitrogen
concentration
(deficiency or excess) and emergence of aluminum
toxicity are one of the challenges frequently faced
by farmers [2, 3, 5, 26, 55]. Both stimulating and
limiting growth factors are practically integrated in
crop plant production and decisive in many cases
for the establishment of the final yield. This leads to
the formulation of the following questions; i) are
aluminum levels in the soil sufficient for assessing
crop plants response? ii) is nitrate content the sole
factor shaping and maintaining plant growth and
development [26]under aluminum induced growthlimiting conditions? Data listed in the Table 3,
show that NO3/Alex indices varied much more
widely in the case of winter wheat (0.20 ± 1.99) site
as compared to sugar beet (0.09 ± 1.37) with mean
values of 0.49 and 0.30, respectively.
TABLE 3
NO3/Alex indices under winter wheat and sugar
beet cropping
Statistical
Winter
description
Sugar beet
wheat
(n = 40)
Min.
0.20
0.09
Max.
1.99
1.37
Mean
0.49
0.30
SD*
0.41
0.24
*
Standard Deviation
This implies that both sites were characterized
by less favorable growth conditions, specifically for
sugar beet with 85% of root biomass formed at
NO3/Alex< 0.35 (Table 4). The same applies for
winter wheat with slightly improved growth
medium (i.e., 75% of green biomass established at
NO3/Alex< 0.50). Referring to data reported in
Table 1, it appeared that the mean level of Alex at
the sugar beet site amounted to 117.4 kg /ha and
was lower by 25.5% as compared to the winter
wheat site. Nitrate content exhibited a reverse trend,
with a difference of 16.8%. This evaluation focuses
once more on the key role of Alex in the process of
plant biomass formation, but outlines the driving
forces of soil NO3 in shaping and controlling this
process.
TABLE 4
NO3/Alex ranges and their percentage share for
winter wheat and sugar beet
Winter wheat
NO3/Alex
ranges
< 0.50
0.5 ± 1.00
1.00 ± 1.50
1.50 ±
2.00

% share

NO3/Alex
ranges

75
15
5
5

< 0.35
0.35 ± 0.70
0.70 ± 1.05
1.05 ± 1.40

Sugar beet
% share
Whole
Taproots
plant
80
10
7
3

85
8
5
2
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The soil pH fluctuated within 3.8 and 5.7
(mean = 4.6), whereas the soils particle distribution
points on the prevailing sandy fraction (mean = 726
g /kg). The soil parameters are integral factors of
the soil quality, and for the current study, the
reported levels are not promising for optimal plant
growth. This case is widespread under polish arable
conditions, where farmers use the nitrogen
³HVFDSLQJ´ VWUDWHJ\ IRU FRXQWHUDFWLQJ DQG IDFLQJ
both low soil quality on one hand and potential
aluminum phytotoxicity, on the other hand. The
preference by farmers of NO3-bearing fertilizers
VKRXOG QRW EH OLPLWHG WR WKH ELRPDVV ³ERRVWLQJ´
properties of nitrates, but to their potential role in
shaping Alex dynamics in soils. The NO3/Alex
indices, as demonstrated in the current study seem
more convincing in the prediction of plant biomass
formation under widely contrasting geochemical
conditions, specifically in the case of arable soils.

CONCLUSION
The concept outlined in this study was an
attempt to elaborate and calibrate an easily
applicable, but critical index (NO3/Alex) for
evaluating crop plant response under acidification
constraints. The choice of a graminaceous (i.e.,
winter wheat, Triticum aestivum L.) and
dicotyledonous (sugar beet, Beta vulgaris L.) plant
was specially based on the morphology of their root
system and their physiological susceptibility to
aluminum toxicity. Biomass calibration undertaken
by using the NO3/Alex index has exhibited new
findings dealing with pH-mediated geochemical
interactions and the resulting effects on crop plant
growth. On this basis four operational NO3/Alex
ranges were elaborated and implemented within <
0.50 to 2.00 (for winter wheat) and < 0.35 to 1.40
(for sugar beet). This implies that experimental sites
were characterized by less favorable growth
conditions, specifically for sugar beet with 85% of
root biomass formed at NO3/Alex< 0.35. The same
applies for winter wheat with slightly improved
growth medium (i.e., 75% of green biomass
established at NO3/Alex< 0.50). The NO3/Alex
phytotoxicity index was conceived as a simple,
easily applicable, but critical tool for assessing crop
plant response under acidification constraints,
ZKHUHWKH ³FXUDWLYH´DSSOLFDWLRQRIQLWURJHQVHHPV
WREHWKHVROHDOXPLQXPVDOXWDU\³HVFDSHPHQW´7KH
use of this index should be encouraged for
agrochemical purposes where pH emerges as the
main constraint regulating NO3 assimilation and
leaching as well as Al-generated phytotoxicity.
Further work integrating Caex (i.e., exchangeable
calcium) is also required.
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BASIN
Krzysztof Gorecki1,*, Piotr Ilnicki1, Piotr Lewandowski1, Ryszard Farat2
1

Department of Entomology and Environmental Protection, Poznan University of Life Sciences, 60±594 Poznan, ul. Dabrowskiego 159,
Poland
2
Institute of Meteorology and Water Management, State Research Institute, 51-616 Wroclaw, ul. Parkowa 30, Poland

respect there are 217,940 tons of total nitrogen (TN)
and 10,268 tons of total phosphorus (TP) [1] that
flow from Poland into the Baltic. The Warta River,
importantly, is the third largest river in Poland. The
drainage basin is characterised by one of the greatest
population densities in the country (261 people/km2)
and a relatively high intensity of agricultural
production (48% of the drainage basin is taken up by
arable land). TN and TP loads introduced from the
Warta to the Oder in 1992±2002 amounted to an
annual mean of 23,130 tons and 1,906 tons
respectively [2].
The quality of water in the Warta River and its
tributaries, just as the majority of rivers in Poland
under the National Monitoring Programme, is
subject to great change. The initially high load of
nitrogen and phosphorus compounds in rivers was
the result of the introduction of a large amount of
poorly treated or totally untreated communal and
industrial sewage, as well as the leaching of nutrients
from land and surface erosion [2-4]. The load of
pollution introduced from communal and industrial
sewage at the beginning of the ¶V KDV
successively been lowered. This is a result of the
construction and modernisation of sewage treatment
plants (STP) and a lowering of the amounts of
sewage produced. The fall in untreated sewage in
Poland for the period 1990±2005 was about 70% [5].
The decrease in the share of diffuse sources resulted
from primarily a lowering of the use of mineral
fertilizers in agriculture and leaving fallow, land
with poor soil quality. Lower use of mineral
fertilizers (NPK) was noted foremost at the
beginning RIWKH¶VZKLFKZDVDVVRFLDWHGZLWK
the fall of state-owned farms mainly located in the
Odra Basin [6, 7].
The aim of the research undertaken is to
analyse the changes in concentration and load of
NO3-N and PO4-P in the waters of the rivers Warta,
Notec, Drawa, Prosna and Ner. An analysis of such
a long period (1992±2011) shall allow for a
calculation of long-term trends of concentration and
load of NO3-N and PO4-P. The investigation
embraced rivers characterised by a small degree of

ABSTRACT
The Warta River is the largest tributary of the
Oder, the second largest river in Poland. The Warta
drainage basin (54 519 km2) is characterised by
intensive agriculture and high population density.
This study has investigated the relative changes in
concentration and load of nitrate nitrogen (NO3-N)
and reactive phosphorus (PO4-P) in the rivers of the
Warta basin. In this respect the water years for 19922011 were taken into account ± that is, from the
beginning of the National Monitoring Programme in
Poland. In the period under analysis, the quantity of
untreated sewage that made its way into these waters
fell while the effectiveness in treatment of sewage
increased. Concentration and load of TN and TP in
the period under research in the Warta River
drainage basin diminished but the increase in sewage
treatment using the biological method has meant a
significant increase in concentration and load of
NO3-N, especially in the flows of the Ner and to a
lesser extent, Prosna and Warta (Oborniki) rivers.
These rivers are host to sewage from Lodz, Kalisz
and Poznan respectively. In rivers with a small
number of pollution source points (Drawa, Notec,
Warta mouth), a fall in concentration and load of
NO3-N was observed. In the case of concentration
and load of PO4-P there was noted a strong negative
trend in all the analysed rivers, in particular marked
in rivers with a large inflow of pollution point
sources.

KEYWORDS:
Warta River, nitrate nitrogen, reactive phosphorus, flownormalisation, trend, Poland

INTRODUCTION
The land mass of Poland constitutes over 18%
of the surface of the Baltic Sea Basin (1,721,233
km2) (Fig. 1). Almost all of Poland (99,7%)
contributes to the Baltic drainage basin. In this
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have also been studied: Notec, Prosna being under
the influence of Kalisz (107,000 inhabitants) and
Ner, which is strongly influenced by sewage from
Lodz (729,000 inhabitants). The changes taking
place in nitrate nitrogen and reactive phosphorus
concentration and load were analysed as well for the
most natural of river drainage basins ± the Drawa.
This river can also serve to define the referential
conditions of the level of eutrophication in the Warta
basin. The impact of large urban agglomerations on
the pollution load transported by rivers was studied
on the River Ner in respect to the city of Lodz, the
Prosna in the basin where the city of Kalisz is
situated, as well as the middle Warta at Oborniki,
where the disposal of sewage from Poznan is
noticeable. In the period subject to investigation
(1992±2011) in all of these cities STP were subject
to reconstruction and modernisation (Poznan in
1996±2003, Lodz in 1997±2009, Kalisz in 2001±
2003). The effects of these programmes in the whole
Warta basin translated into a significant lowering of
the nitrogen and phosphorus load transported by the
waters of the Warta and its tributaries.
Specific runoff for the Warta River in the study
period (1992±2011) amounted to 3.95 l s-1 km2 and
was somewhat lower than the values for the long
period 1951±2010 (4.03 l s-1 km-2). Apart from the
Drawa and Ner there was noted a fall in specific
runoff in 1992±2011. The values for Drawa (6.43 l s1
km-2) and Ner (5.96 l s-1 km-2) did not change in
relation to those from the long period and were
higher than those of remaining rivers. This is caused
in the case of the Drawa by a constant inflow of large
amounts of groundwater and in the case of the Ner,
by the transfer of waters from the Pilica drainage
basin. Precipitation in the Warta basin in the past 140
years has demonstrated a small tendency to fall. The
annual precipitation for the Warta basin for the
period 1848±2010 amounted to 552 mm, in the
period 1951±2010 there was recorded 547 mm,
whereas in the last thirty years (1981 ± 2010) a
decrease was noted of 3 mm [9].

anthropo-pressure (Drawa River), as well as those
very strongly burdened by being subject to the
disposal of communal sewage (Ner River). The
study also attempts to explicate the impact of large
sewage treatment plants on the quality of river
waters. In this respect among others, the relative
percentage of NO3-N share in TN and PO4-P in TP
has been calculated, which allows to define the
extent of the treatment of sewage introduced into the
river. A small amount of nitrogen in the form of
NO3-N in rivers demonstrating a large impact of
point sources would seem to indicate a large
percentage of untreated or little treated sewage.

STUDY AREA
The Warta River is the largest tributary of the
Oder; its drainage basin covers 54,519 km2 and
constitutes over 45% of the area flowing into the
Oder (Fig. 1). A detailed description of the drainage
basin was supplied by Ilnicki et al. [8]. The region of
the Warta basin is exploited foremost for the
purposes of agriculture, where arable land amounts
to 48% of the basin area. A greater share of arable
land occurs in the southern part of the basin (Prosna
± 62.3%, Ner ± 59.4%). The Notec as the largest
tributary of the Warta (25,926 km2), is characterised
by a relatively small share of arable land (39.1%), as
well as a sizeable area of forestation (36.7%), with a
low population density (62 people/km2). In the Notec
River basin there is also the Drawa River with the
lowest percentage share of arable land (27.3%) and
the greatest area of forestation (50.9%). Population
density fluctuates from 36 people/km2 in the Drawa
drainage basin to 1010 people/km2 in the Ner basin.
This study has undertaken research on the Warta
River basin at the mouth and in the central part
downstream from Poznan (550,000 inhabitants)
(monitoring station and the gauge station in
Oborniki) (Table 1). The tributaries of the Warta

FIGURE 1
Map of the Warta River catchment area, with locations of gauge and water quality monitoring stations.
5690

© by PSP

Volume 25 ± No. 12a/2016, pages 5689-5702

Fresenius Environmental Bulletin

TABLE 1
Characteristics of gauge stations and water quality station.
River

Total river
catchment
area
km2

Warta

54 519

Notec
Drawa
Prosna
Ner

17 302
3 291
4 917
1 836

Gauge station
Name
Gorzow Wlkp.
Oborniki
Nowe Drezdenko
Drawiny
Boguslaw
Dabie

River
km
56.4
205.2
37.7
4.2
43.8
12.8

Water quality station
Catchment
area
km2
52 365
26 776
25 926
3 281
4 282
1 727

Name
Kostrzyn
Oborniki
Santok
Lokacz
Ruda Komorska
&KHáPQR

River
km
2.4
206.3
0.5
2.4
2.8
5.0

hydrology on the nutrient load. Results are presented
as monthly and annual concentration and load for the
gauge catchment area, and per unit area (kg ha±1yr±1).
A detailed analysis of concentration and load for TN
and TP in respect to the Warta basin covering the
period under research 1992 ± 2011 was presented in
another study.

DATA
Discharge. The flow of water essential for
calculating the load of pollution transported by river
was collected for six gauging stations (Fig. 1, Table
1). The authors received the values of water flow
from the State Institute of Meteorology and Water
Management. On the basis of daily values, monthly
and annual flows were calculated. The annual data
were calculated for the water year starting on 1
November. In this respect the difference between the
localisation of gauging stations and water quality
stations (monitoring station) is negligible. Therefore,
the nitrate nitrogen and reactive phosphorus load in
rivers can be calculated on the basis of runoff in the
gauge station catchment, as well as nitrate nitrogen
and reactive phosphorus concentration in the water
quality stations.

Other Data. The land use, population density
in watersheds and data about sewage treatment
plants was published by Ilnicki et al. [2, 8]. The
population density was calculated on the basis of
statistical publications for the year 2000 and the
population of large cities for the year 2010. The
amount of municipal and industrial sewage
discharged into the waters or ground in the Warta
drainage basin Warta for 1995±2011 was defined on
the basis of statistical publications [10]. Data were
collected on the amount of sewage treated
mechanically, chemically, biologically and with
increased nutrient removal for the respective
drainage basins of rivers under analysis.

Nutrient Concentration. Concentrations of
nitrate nitrogen (NO3-N), reactive phosphorus (PO4±
P), total nitrogen (TN) and total phosphorus (TP)
data were taken by the authors from the laboratories
of the Inspectorate for Environmental Protection in
Poznan and Gorzow Wlkp., under the auspices of the
National Monitoring Programme. Both laboratories
have Accreditation Certificates (EN ISO/EC 17025).
Nitrate nitrogen has been defined according to the IC
method on the standards PN-EN ISO 10 3041/2:2001 and PN-EN ISO 10 304-1: 2009. TN has
been determined according to the standard PN-73/C04576.14,
TP
and
phosphates
by
the
spectrophotometric method according to the
standard PN-EN ISO 6878:2006 (molybdenum,
colorimetric method).
Data was collected for the period 1992±2011.
In 2010 the concentration of analysed nutrients in the
Warta, Notec, and Drawa and Prosna rivers was not
measured. In 2010, samples were taken only in the
Ner River, but in 2011 no samples were analysed in
that river. In all rivers, data from a period of 19 years
was analysed. Short gaps in the time series of
observed concentration data were filled in by linear
interpolation. Single outliers in the series were
identified and removed. The results were presented
in water years (November to October) and not
calendar years, because of the high influence of

METHODOLOGY
The rivers subject to analysis were divided into
those of large impact of point sources (Ner, Prosna,
Warta-Oborniki) and those of small impact of point
sources (Drawa, Notec, Warta-mouth). This division
is very clearly visible in the analysis of NO3-N and
PO4-P concentration and load in the period 1992±
2011. In this study the impact of other ions was not
analysed. On account of the significant changes in
the values of concentration and load of analysed
nutrients, the time period under investigation was
broken into two sub-periods of 1992±2000 and
2001±2011 respectively. The accuracy of monthly
concentration analyses (NO3-N, PO4-P) and monthly
runoff was defined by the coefficient of variance
(CV). These data show significant oscillations
connected with the building and modernisation of
STPs in three cities: Lodz, Poznan and Kalisz. In this
context the concentration of NO3-N and PO4-P was
analysed also for hydrological half-years. The
concentration presented for two hydrological halfyears per annum, as opposed to every quarter, allows
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anthropogenic loading of the river [13]. Results are
presented as monthly and annual loads, for the river
(tons) and per unit area (kg ha±1yr±1). The areaspecific load of NO3-N and PO4-P were calculated in
all catchments by dividing the load through the
catchment area of the gauge.
The basic statistical parameters, such as the
mean and coefficient of variation of the monthly and
annual time series for each of the six sites were
calculated. The trend in time series between monthly
NO3-N and PO4-P concentration versus the monthly
runoff in 1992±2011 was calculated by a simple
OLQHDU UHJUHVVLRQ JUDGLHQW WUHQG PRGHO 3HDUVRQ¶V
WHVW  DQG E\ 6SHDUPDQ¶V UDQN FRUUHODWLRQ 
significance level). Calculated and flow normalised
monthly loads were tested for monotonous trends by
using the Mann-Kendall test [14] and Hydrospect
software, version 2.0 [15, 16].
In comparison with other conventional
parametric methods, the Mann-Kendall tests have
the advantage that they permit testing for all forms
of monotonous trends, not only for linear trends, and
in addition they are robust in terms of single outliers
[12]. The trend is statistically significant at the 0.05
level if the test statistic is greater than 2 or less than
-2. The Mann-Kendall test was also used to analyse
the strength of the percentage share of NO3-N in TN
and PO4-P in TP.

one to see more clearly the potential phenomenon of
nutrient leaching from the soil, which takes place
more intensively from December to April.
The percentage share of nitrate nitrogen in TN
and reactive phosphorus in TP was calculated on the
basis of concentration of NO3-N, PO4-P, total
nitrogen (TN) and total phosphorus (TP). This
coefficient in turn, portrays the effectiveness of
sewage treatment.
In this study, nitrate nitrogen and reactive
phosphorus load was calculated by two different
methods of runoff indices. In the first method
(calculated load), the monthly riverine nitrate
nitrogen and reactive phosphorus load was
calculated by multiplying mean monthly
concentration and monthly runoff [11]. Flownormalized values can be calculated according to the
formula (1) presented by Stalnacke et al. [12].
LÖ ij = Lij ± (qij - q ij) EÖ ij,
i «n, j «m,
where Lij denotes the load during the jth season
(month) of the ith year, qij is the runoff during the
same period, q ij is the average runoff and EÖ ij depicts
parameter estimates obtained by employing the
roughness penalty approach described above.
Temporal changes in flow-normalised loads
can be regarded as indications of changes in the
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FIGURE 2
Mean annual concentration of NO3-N in rivers with and without large point source in 1992±2011.
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FIGURE 3
Mean annual concentration of PO4-P in rivers with and without large point source in 1992±2011.

Comparing the average annual concentration in
two sub-periods (1992±2000 and 2001±2011) an
increase in the concentration of NO3-N can be
observed in the Ner, Prosna and Warta at Oborniki
(Table 2). The greatest growth of concentration from
1.39 mg NO3-N l-1 in the sub-period 1992-2000 to
3.62 mg NO3-N l-1 in the sub-period 2001-2010 was
noted in the River Ner. In the remaining rivers a
small fall in the concentration of NO3-N is observed.
A fall in the concentration of reactive phosphorus
(PO4-P) can be observed in all the rivers (Table 2).
The most marked differences, however, occurred in
rivers boasting a large impact of point sources (Ner,
Prosna and Warta-Oborniki).
Comparing the mean annual concentration of
NO3-N and PO4-P for particular years, one may
observe a very clear division into rivers with a large
impact and those showing a small impact in respect
to point sources (Figs. 2 and 3). The mean annual
concentrations of NO3-N in the rivers Ner, Prosna
and Warta - Oborniki all demonstrated a growth. The
most intensive growth in concentration in the Ner
was noted in the years 2000 (1.31 mg NO3-N l-1) ± 2006
(4.19 mg NO3-N l-1). A fall in the mean annual
concentration of PO4-P was observed in all the rivers
under analysis. The most visible fall in concentration
of PO4-P took place in the River Ner from 1.16 mg l-1
in the year 1992 to 0.13 mg l-1 in the year 2010.

RESULTS
Nutrient Concentration. The accuracy of
nitrate nitrogen (NO3-N) and reactive phosphorus
(PO4-P) monthly concentration data was defined by
the coefficient of variance (CV). For monthly
average values of NO3-N, coefficient CV is at a high
and very high level, particularly for the Ner (0.84),
Warta (0.82) at Oborniki and its mouth, as well as
the Prosna (0.72). In the Notec and Drawa rivers this
coefficient is somewhat lower, amounting to 0.60.
The CV coefficient for concentration of PO4-P in the
Warta at Oborniki (0.94), Ner (0.92) and Prosna
(0.86) points to a very high differentiation, which
occurs in the case of the Drawa (0.40), Notec (0.46)
and Warta mouth (0.56). Large and very large values
respectively of this coefficient arise out of the
considerable monthly and annual fluctuation in
concentration of NO3-N and PO4-P (Figs. 2 and 3).
In the period 1992±2011 markedly greater
annual concentrations of NO3-N and PO4-P, were
recorded in the rivers Ner (2.57 mg NO 3-N l-1, 0.60
mg PO4-P l-1), Prosna (3.36 mg NO3-N l-1, 0.17 mg
PO4-P l-1) and Warta at Oborniki (2.81 mg NO3-N l1
, 0.16 mg PO4-P l-1) than in Drawa (0.43 mg NO3-N
-1
l , 0.06 mg PO4-P l-1), Notec (0.70 mg NO3-N l-1,
0.07 mg PO4-P l-1) and Warta at its mouth (1.56 mg
NO3-N l-1, 0.11 mg PO4-P l-1) (Table 2).
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Analysing the dynamics in changes of
concentration for NO3-N and PO4-P in a given water
year, the mean values for a hydrological winter halfyear were calculated (Nov ± Apr) and that for a
hydrological summer half-year (May ± Oct.) (Table
2). A decidedly higher concentration of NO3-N in
water is recorded in all the rivers under analysis in
the Nov ± Apr period than in May-Oct. In the case of
PO4-P in the summer half-year, in all the rivers,
concentration was higher in comparison to the winter
half-year. The greatest differences in concentration
between the above half-years occurred in 1992±2000
in rivers subject to large impact point sources (Ner
and Prosna). Comparing the sub-periods 1992±2000
and 2001±2011 demonstrates that a greater increase

in concentration for NO3-N and a fall for PO4-P in
the rivers Ner and Prosna occurred in the summer
half-year. This trend in the largely unpolluted Drawa
River is not visible (Table 2).
The mean monthly values of concentration for
NO3-N and PO4-P are presented in Fig. 4. The
highest concentration of NO3-N was recorded in
February ± April, while the lowest occurred most
often in the period June to August. The highest
concentration of PO4-P was recorded in August and
the lowest usually in April. The highest monthly
concentration of NO3-N was noted in periods of
highest water inflow in rivers, while that of PO4-P in
periods of the lowest inflow.

TABLE 2
Annual, mean winter and summer half year concentration of NO3-N and PO4-P and percentage of nitrate
nitrogen in total nitrogen and inorganic phosphorus in total phosphorus in the Warta River basin in
various periods.
River

Years

Warta - mouth
Warta Oborniki
Notec

Drawa

Prosna

Ner

1992±2011
1992±2000
2001±2011
1992±2011
1992±2000
2001±2011
1992±2011
1992±2000
2001±2011
1992±2011
1992±2000
2001±2011
1992±2011
1992±2000
2001±2011
1992±2010
1992±2000
2001±2010

NO3-N
mg·l-1
Water year Nov ± Apr May ± Oct
1.56
2.45
0.67
1.59
2.37
0.81
1.53
2.52
0.55
2.81
4.18
1.43
2.74
3.91
1.58
2.86
4.42
1.30
0.70
0.96
0.44
0.73
1.03
0.44
0.67
0.90
0.44
0.43
0.58
0.27
0.48
0.64
0.31
0.38
0.52
0.24
3.36
4.75
1.97
3.14
4.54
1.74
3.57
4.95
2.18
2.57
3.36
1.77
1.39
2.36
0.43
3.62
4.27
2.98

% of NO3-N in
TN
54.7
51.6
57.4
53.4
45.7
60.4
42.3
42.2
42.5
34.8
36.4
33.4
64.3
57.8
70.2
35.6
12.7
56.2

Water year
0.11
0.14
0.08
0.16
0.22
0.10
0.07
0.08
0.06
0.06
0.07
0.05
0.17
0.26
0.10
0.60
0.95
0.29

PO4-P
mg·l-1
Nov ± Apr
0.10
0.12
0.08
0.15
0.21
0.10
0.06
0.07
0.05
0.05
0.06
0.05
0.14
0.19
0.09
0.44
0.68
0.22

% of PO4-P in TP
May ± Oct
0.12
0.16
0.08
0.16
0.23
0.11
0.08
0.09
0.07
0.07
0.08
0.06
0.21
0.33
0.10
0.76
1.22
0.35

FIGURE 4
Mean monthly concentration of NO3-N and PO4-P in the mouths in rivers in 1992±2011.
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42.6
36.0
50.4
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62.2
62.2
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percentage share of PO4-P in TP amounted to 39.1%
and was the lowest value from all the rivers analysed.
A similar share of PO4-P in TP was noted in the
Notec River (40.3%). A comparison of the two subperiods (1992±2000 and 2001±2011) shows that the
percentage share of PO4-P of TP in the Ner did not
change (62.2%) but in the same time, a significant
fall in concentration of TP by 1.12 mg l-1 and PO4-P
o 0.67 mg l-1 occurred. The concentration of PO4-P
therefore can be said to be very strongly correlated
with that of total phosphorus (TP). This relationship
can be seen in particular in the River Ner, where
there may be observed a steady fall in concentration
of PO4-P and TP. The percentage share of PO4-P in
TP in contrast to the share of NO3-N in TN does not
show a clear relationship between the means of
sewage treatment and the corresponding quality of
river waters.

The correlation between concentration of NO3N and PO4-P on the extent of flow in the Warta was
defined on the basis of mean monthly values, using
a linear regression and the Spearman R test (Table
3). All the rivers recorded a positive significant
correlation between concentration of NO3-N and
flow. Lower values of the correlation coefficient in
the case of the Ner result from a very large amount
of sewage in a small river. The correlation of PO4-P
concentration and flow rate is negative but
significance.
The percentage share of NO3-N in total
nitrogen (TN) allows one to define the treatment of
sewage introduced into rivers (Table 2). For the
period 1992±2011 at the mouth of the Warta the
percentage share of NO3-N in TN amounted to
54.7%. The highest percentage share was recorded
for the Prosna (64.3%), the lowest for Drawa,
(34.8%) and the polluted Ner River (35.6%).
Comparing the percentage share of NO3-N in TN in
the two sub-periods one can observe a very large
growth in this share for the Ner, Prosna and WartaOborniki. The establishment of the SPT in Lodz has
meant that in the years 2001 ± 2010 the share of NO3N in TN grew from 12.7% to 56.2%. The growth in
share of NO3-N in TN in rivers with large impact
point sources was also borne out by a positive
statistically significant trend calculated according to
the Mann-Kendall test. In the period under analysis
(1992±2011) at the mouth of the Warta the average

Nutrient Load. The total load of NO3-N and
PO4-P (in tons), as well as area-specific load (kg ha-1)
was calculated by using two methods: as calculated
and flow-normalized. Loads calculated by the latter
method are more regular and show a more marked
trend. The presentation of results for the loads
respectively of NO3-N and PO4-P was calculated
according to flow-normalization. For the
comparison of loads in particular rivers, featuring a
significant difference in drainage basin surface area,
area-specific load calculations were made.

TABLE 3
Correlation between mean monthly concentration of NO 3-N and PO4-P versus the mean monthly runoff in
analysed rivers in 1992±2011 calculated with linear regression gradient trend model and Spearman R.
River

r
0.73*
0.64*
0.62*
0.52*
0.67*
0.40*

Warta-mouth
Warta-Oborniki
Notec
Drawa
Prosna
Ner

NO3-N
Slope
0.009
0.025
0.01
0.022
0.136
0.137

R
0.75*
0.66*
0.61*
0.47*
0.78*
0.36*

r
-0.32*
-0.31*
-0.32*
-0.42*
-0.25*
-0.30*

PO4-P
Slope
-0.002
-0.005
-0.004
-0.017
-0.003
-0.026

R
-0.28*
-0.27*
-0.31*
-0.45*
-0.16*
-0.33*

*significant 0.05
TABLE 4
Annual load of nitrate nitrogen (NO3-N) and inorganic phosphorus (PO4-P) in the Warta River basin in
various periods calculated by two methods.
River
Warta - mouth
Warta - Oborniki
1RWHü
Drawa
Prosna
Ner

Period
1992 - 2000
2001 - 2011
1992 - 2000
2001 - 2011
1992 - 2000
2001 - 2011
1992 - 2000
2001 - 2011
1992 - 2000
2001 - 2011
1992 - 2000
2001 - 2010

Mean annual NO3-N load
Calculated
Flow normalized
tons
kg ha1
tons
kg ha1
12921
2.47
12964
2.48
12755
2.44
12717
2.43
11741
4.39
11906
4.45
12739
4.76
12591
4.70
1817
1.14
1840
1.16
1685
1.06
1665
1.05
351
1.07
337
1.03
270
0.82
282
0.86
2235
5.22
2209
5.16
2363
5.52
2386
5.57
732
4.24
662
3.84
1221
7.07
1284
7.43

5695

Mean annual PO4-P load
Calculated
Flow normalized
tons
kg ha1
tons
kg ha1
826
0.16
800
0.16
480
0.09
504
0.09
673
0.25
651
0.24
313
0.12
332
0.12
163
0.10
161
0.10
129
0.08
130
0.08
46
0.14
45
0.14
32
0.10
33
0.10
101
0.24
100
0.23
51
0.12
52
0.12
274
1.59
260
1.51
72
0.42
84
0.49
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FIGURE 5
Calculated and flow normalized area-specific load of NO3-N and PO4-P in the Warta, Ner and Notec
rivers in 1992±2011.

in calculated load. The average annual flownormalized load of NO3-N discharged together with
the waters of the Warta into the Oder for the subperiod 1992±2000 amounted to 12,838 tons and
12,717 tons respectively in 2001±2011. In rivers
subjected to a large impact of point sources (Ner,
Prosna, Warta Oborniki) growth was noted in load
for NO3-N. Proportionally the greatest growth in

Comparing the loads of NO3-N in the two subperiods 1992±2000 and 2001±2011 in the majority
of rivers analysed, except for the Drawa and WartaOborniki, greater differences were noted in the case
of loads calculated according to the flow-normalized
method (Table 4).
Greater differences, apart from the Notec
between the sub-periods in the case of TN occurred
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Mann-Kendall method. For area-specific load in
respect to NO3-N only in the case of the Drawa and
Ner did it demonstrate the existence of a strong trend
(Fig. 6). For the Drawa this trend is significant and
negative, on the other hand, in the case of the Ner the
trend is positive, which results from a significantly
increased load of NO3-N after the year 2000. One
can also observe a weak negative trend in NO3-N
load in respect to the Warta at the mouth (load
calculated by both methods) and the Notec (flownormalized load). In this context a negative trend is
usually visible for flow-normalized load, which
eliminates extreme cases and as a result underscores
existing tendencies. The load of PO4-P in this respect
for all rivers and two calculated methods
demonstrated a very strong negative trend.
On the Warta between the mouth and Oborniki
the basin surface area has grown 27,743 km2, an
almost twofold increase (Table 1). Flow-normalized
load on this leg in the sub-period 1992±2000
increased annually only by 9% NO3-N and 23% PO4P respectively and in the subsequent sub-period
(2001±2011) by 1% NO3-N and 52% PO4-P
respectively (Table 4). This may indicate on the one
hand, a large retention factor in the basin, especially
for NO3-N and to a lack of large point sources in the
Notec basin and lower Warta basin. The Notec,
which introduces about 35% of water and only 14%
load of NO3-N and 20% PO4-P respectively into the
Warta, has been observed to have a large impact on
the negligible growth of load for NO3-N and small
growth for PO4-P.

load for NO3-N was noted in the Ner from 662 tons
in the sub-period 1992±2000 to 1,284 tons in 2001±
2010. In the Warta mouth, Notec and Drawa a fall in
load of NO3-N was noted from the small impact of
point sources. The load of PO4-P introduced to the
Oder by the Warta in the sub-period 1992±2000 and
2001±2011 amounted to respectively 800 and 504
tons. In all the rivers under analysis the load of PO4P fell between the two sub-periods, although a
greater difference was noted in calculated load.
For the purposes of comparing particular rivers
the annual area-specific load (1992±2011) has been
used (kg ha-1) (Fig. 5). The highest load of nutrients
analysed occurred in the Ner (5.73 kg NO3-N ha-1
and 0.97 kg PO4-P ha-1). In the River Drawa the
lowest such load has been recorded NO3-N (0.94 kg
ha-1), whereas in the Notec the lowest load of PO4-P
(0.09 kg ha-1). Greater differences between particular
years were observed in rivers subject to large impact
point sources in load of NO3-N for both methods;
calculated and flow-normalized. The particularly
visible growth in flow-normalized load of NO3-N
beginning 1999 (2.16 kg ha-1) to 2006 (9.50 kg ha-1)
was observed in the Ner, which relates to the
construction and modernisation of the STP in Lodz.
Area-specific load of PO4-P in all the rivers under
analysis continues to fall. The greatest falls in areaspecific load of PO4-P were observed in the Ner.
From 2000 in the Ner a successive fall was observed
in flow-normalized load PO4-P (Fig. 5).
An analysis of the strength of the time trend for
the period 1992±2011 was calculated, using the

FIGURE 6
Mann-Kendall test statistics for monotonous trends in monthly calculated and flow-normalized loads of
NO3-N and PO4-P in 1992±2011. The trend is statistically significant at the 0.05 level if the test statistic
is greater than 2 or less than -2.
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FIGURE 7
Volume of industrial and municipal waste water discharged into the surface waters or ground over the
years 1995±2011 (data from: GUS, 1995±2011).

the majority of sewage is treated by the increased
nutrient removal method. In rivers with small impact
point sources such as the Notec and Drawa, in the
period under analysis, no significant differences
were observed in the amount of sewage treated by
various methods.

Volume of Wasterwater Discharged into
The Rivers. The amount of sewage treated
mechanically, chemically and biologically and with
increased nutrients removal for the basins of rivers
under analysis for the years 1995±2011 is presented
in Fig. 7. Sewage treated mechanically and
biologically in the Warta (Warta-mouth, WartaOborniki), Prosna and Ner was the predominant
method up to about 2000. In subsequent years
increasing amounts of sewage were treated
according to the increased nutrient removal method.
The greatest changes in the means of sewage
treatment took place in the Ner River basin. Up to
the year 1997 for the most part untreated sewage
made its way into the Ner and subsequently
mechanical treatment was initiated, which removes
N and P to a negligible degree. Biological treatment
dominated in the years 2000 ± 2007 and from 2008

DISCUSSION
At the mouth of the River Warty, which in
general characterises the entire basin in the period
under analysis, there is a noticeable fall in mean
annual concentrations of NO3-N and PO4-P. The
tendency for a lowering of annual loads of TN, TP
and eutrophication mitigation in rivers from the
beginning of the 1990s may be observed in many
rivers in Europe (Loire, Oder, Ren, Seine, Thames,
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sub-period (1992±2000) only for the Ner (0.54 mg
PO4-P l-1) and Prosna rivers (0.14 mg PO4-P l-1),
when the STPs were constructed or modernised in
Lodz and Kalisz. In the period 2001±2010 the
difference in concentration of PO4-P for the winter
and summer half-year in the Ner amounts to 0.13 mg
l-1, while in the remaining rivers it does not exceed
0.02 mg l-1.
The correlation between the monthly
concentration of NO3-N and discharge in given
rivers was always positive and statistically
significant. A negative correlation, also statistically
significant, was recorded in respect to the
concentration of PO4-P. The discharge is dependent
on the level of atmospheric precipitation in the basin.
An increase in annual atmospheric precipitation and
an absence of plant cover on arable land in winter
results in greater leaching of NO3-N from the soil
and that is why a positive correlation may be
observed in this instance. The weakest dependency
of concentration for NO3-N and flow was calculated
in small rivers, where sewage from Lodz represents
a very large part of the Ner flow. This may indicate
a smaller share of NO3-N leached from the soil. A
negative correlation in the case of PO4-P results from
the fact that phosphates in the main together with
sewage permeate in rivers, thus greater amounts of
discharge result in the dilution of concentration of
this phosphorus. Similar results were arrived at by
analysing data for the Oder and Vistula rivers [7]. A
positive correlation of NO3-N and discharge was
confirmed also in research conducted for several
Latvian rivers [18]. On the other hand, a negative
correlation of PO4-P and corresponding flow was
observed in four rivers (Lielupe, Daudava, Aiviekste
and Tebra). In the case of the River Lielupe a
negative correlation of concentration for PO4-P and
flow, Laznik et al. [29] related to the influence of
marginally treated sewage. In the case of rivers
where sewage toes not play such a great role, the
high concentration of PO4-P in periods of low flow
rates (summer) perhaps is caused by the activation of
these phosphor forms from river-bed sediments [29,
30, 31].
The Warta in the period under research (1992±
2011) on average annually introduced into the Odra
12,838 t NO3-N and 653 t PO4-P. This was 40%
NO3-N and 50% PO4-P introduced into the Baltic
from the waters of the Oder, which corresponds to
50% share of the basin in the Oder [12]. These rivers
also demonstrate a similar tendency of falling NO 3N and PO4-P load, significantly more visible in the
case of phosphates than nitrates. The Warta in the
period 1992±2011 annually on average introduced
into the Oder 2.45 kg NO3-N ha-1 and 0.12 kg PO4-P
ha-1. This value is comparable to the average load for
the period 1980±1993, calculated by Stalnacke et al.
[12], discharged into the Baltic from its entire
drainage basin (2.42 kg NO3-N ha-1 and 0.12 kg PO4P ha-1).

Vistula, Warta) and is confirmed by many statistical
models [7, 12, 17, 18, 19, 20±25]. The concentration
of total nitrogen (TN) comparing the two subperiods 1992±2000 and 2001±2011 was observed to
fall in the Ner by 4.7 mg l-1, Prosna by 0.28 mg l-1
and Warta at Oborniki by 1.37 mg l-1. The
concentration of total phosphorus (TP) also fell,
respectively by 1.12, 0.29 and 0.13 mg l-1. An
opposite tendency, in this study, however, was
observed in the case of NO3-N concentration, in
rivers under the direct influence of large STPs (Ner,
Prosna, and Warta-Oborniki). In these rivers,
between the first sub-period 1992±2000 and the
second sub-period 2001±2011, the growth in NO3-N
concentration was markedly visible (respectively
2.23, 0.43 and 0.12 mg l-1) and at the same time, a
significant fall in concentration of PO4-P (by 0.66,
0.16 and 0.12 mg l-1 respectively). The growth of
concentration of NO3-N and at the same time a fall
in the concentration of TN can be observed in rivers
directly subject to sewage discharge from large
urban agglomerations, which results from the
increased effectiveness of STPs. The greatest growth
in concentration of NO3-N and percentage of NO3-N
in TN for the waters of the River Ner took place in
the years 2000±2006. In this period a decided
majority of sewage in the Ner basin was treated
biologically (Fig. 5). This is confirmed by the strong
trend recorded in the Ner, Prosna and Warta at
Oborniki of a growth in the share of nitrate nitrogen
in TN together with a growth in the application of
biological methods in sewage treatment in the case
of Lodz, Poznan and Kalisz. Data concerning the
amount of untreated sewage and the relevant
treatment technology, demonstrate the same
tendency across Poland [7]. The fall in concentration
of PO4-P in all the rivers under analysis in 1992±
2010 is also a result of an increase in the
effectiveness of sewage treatment methods.
The average annual concentration of NO3-N in
all the rivers subject to analysis in the Warta basin
was 1.9±3.6 times higher in the winter half-year than
in the summer equivalent. In the case of PO 4-P the
concentration recorded in the summer half-year
amounted to 0.01±0.07 mg l-1 in comparison to the
winter equivalent. Similar conclusions were drawn
in respect to the concentration of NO3-N obtained in
investigations concerning select rivers in Russia
[26], Luxemburg [27], Great Britain [28] and in
numerous rivers in the drainage basin of the Baltic
Sea [12]. This is caused on the one hand by an
increased level of leaching of nitrates from soils
devoid of plants in the winter half-year and on the
other, an increase in its absorption by plants, in
particular phytoplankton in summer.
In the case of the concentration of PO4-P in the
entire Warta basin the difference between the winter
half-year and the summer equivalent is small (0.02
mg l-1). The difference between the concentration in
half-years was more visible, particularly in the first
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Although the Warta basin at the mouth is twice
as large in relation to that of Oborniki, the load
between these two points grows only by 564 tons of
NO3-N and 161 tons of PO4-P respectively. The
reason for this basin retention is on the one hand the
absence of large cities in the lower part of the Warta
River basin, the influence of cleaner waters from the
Notec River, as well as natural processes (plant
uptake of nutrients) whereby river waters undergo
decontamination. On the leg of the Warta from
Oborniki to Skwierzyna (92 km) research was
conducted over a number of years on the retention of
nitrogen and the process of river self-purification [2].
Here, the drainage basin is distinguished by a large
terrain of wetlands in the valley and numerous lakes
and forests, as well as a lack of large point sources
RI SROOXWLRQ LQ WKH YDOOH\¶V GLUHFW QHLJKERXUKRod.
The positive influence of lakes and wetlands on the
retention of nutrients has been broadly discussed in
many works thus far [12, 20]. The relatively small
growth confirmed for both NO3-N and PO4-P on this
leg of the Warta indicates that a lack of new sewage
loads from the STP greatly facilitates the natural
processes of self-purification (nitrification and
denitrification) of waters [32].
In the process of river self-purification the
creation of river-bed sediment also has a large
impact, which has the ability of absorbing various
compounds such as nitrogen and phosphorous [33].
The latter in particular is produced in the form of
sediment, which in surface waters creates insoluble
compounds of Ca, Fe and Al [31]. The process of
PO4 exchange between water and river-bed sediment
is dependent on the oxygen and temperature reaction
and its respective forms. The amount of phosphorus
is also dependent on the concentration of nitrogen.
Together with the growth of nitrogen, the amount of
phosphorus falls [34]. Nitrates are in fact electron
acceptors and change the redox potential. River-bed
sediment containing large concentrations of nitrogen
and phosphorous compounds that reach the sea in
particular conditions can initiate a process of
eutrophication [35 - 37].
A strong positive trend of load was recorded
only in the case of NO3-N in the Ner, while a strong
negative trend was observed for PO4-P load in all the
rivers, as well as in the case of NO3-N load in the
Drawa River. A strong trend in growth for NO3-N
load in the analysed period in the Ner can be
explained by the increase in effectiveness of STPs
for the Ner basin. The STP for the city of Lodz is
localised in the source part of the river Ner, as a
result of which the impact of large amounts of
sewage on river waters is very large. The inflow of
waters in the Ner were the lowest (on average 10.1
m3 s-1) of all the rivers investigated, while the
metropolis of Lodz together with the STP is the
largest source point of sewage in the Warta basin.
Analysing the INCA model on the Lee River in
England there was also observed a growth in
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concentration of NO3 as a result of sewage disposal
from a large STP [23, 38]. In the above mentioned
river this upward trend in nitrate concentration was
noted during small inflows of water in the river. In
larger rivers such as Prosna or Warta ± Oborniki the
direct impact of sewage treatment is not as keenly
observed. On the other hand, the causes of a negative
trend of load for NO3-N in the case of the Drawa
River may be seen in the growth of forestation in the
drainage basin. In the years 2001 ± 2011 in the sandy
drainage basin of the Drawa its surface area grew by
55.3 km2, some 1,7% of the Drawa basin [10]. A
similar negative trend of NO3-N load was found by
Salvia-Castellvi et al. [26] between normalized
nitrate (NO3-N) individual load (kg ha-1) and the
percentage of forest cover in the basin. In the case of
PO4-P load calculated according to the two methods
in all analysed rivers a very strong negative trend
was demonstrated. This is a consequence above all,
of the fact that previous action aimed at lowering the
nutrient load concentrated on the point sources of
pollution (STP), as well as the withdrawal of
detergents containing large amounts of phosphorous.
A similar phenomenon took place, whereby a large
fall in PO4-P was observed in the Ren River at the
turn of the 1990s [20, 39].

CONCLUSION
In the period 1992±2011 the extent of load and
concentration for NO3-N can be seen to grow in the
rivers Ner, Prosna and Warta at Oborniki under the
influence of substantial amounts of sewage from the
cities of Lodz, Kalisz and Poznan. Rivers not subject
to the significant impact of point sources (Drawa,
Notec and Warta mouth) saw much lower
concentrations and area-specific load rates of NO3N for the same period remain at a similar level or
lower. Moreover, all the rivers subject to analysis
recorded a fall in rates of concentration and load in
respect to PO4-P. It may be concluded therefore that
a similar increase in concentration and load for NO3N and at the same time, a lowering of PO4-P is
witness to the growth of STP effectiveness resulting
from the application of biological methods in the
treatment of sewage. Differences in the
concentrations between hydrological half years
proved to be very large, almost double in the case of
NO3-N and negligible in the case of PO4-P. Despite
the growth in the surface area of the Warta drainage
basin by 50% between Oborniki and the mouth for
the period 2001±2011, the total load of NO3-N grew
by only 1%, which indicates a high retention factor
for this drainage basin.
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THE CHANGE OF OSTRACODS AND BIOSILICON FROM
LAKE LUGU SEDIMENT RECORD AND THE CAUSE
ANALYSIS IN LAST HUNDRED YEARS
&KL=KX %LQJ/L


6WDWH.H\/DERUDWRU\RI/DNHDQG(QYLURQPHQWDO6FLHQFHV1DQMLQJ,QVWLWXWHRI*HRJUDSK\DQG/LPQRORJ\&KLQHVH$FDGHP\RI6FLHQFHV
1DQMLQJ&KLQD

-LDQJVX3URYLQFLDO$FDGHP\RI(QYLURQPHQWDO6FLHQFH-LDQJVXSURYLQFLDONH\ODERUDWRU\RIHQYLURQPHQWDOHQJLQHHULQJ1DQMLQJ
&KLQD

$%675$&7

,1752'8&7,21

Numerous palaeoclimatic and modern
instrumental data indicated that the climate of
Yunnan-Guizhou Plateau has undergone a
significant warming during the past century. In this
research,
biological
silicon,
ostracods,
physicochemical proxies of Lake Lugu sediment
core were analyzed to illuminate the change on the
lake ecosystem and their cause analysis in the past
century. The correlations between those proxies and
the temperature and precipitation data of the Lijiang
region during 1951-2010 AD were analyzed. The
results showed that: biosilicon, ostracods and
physicochemical proxies changed greatly with the
depth of the sediment, especially 14.5 cm which
represent for the past 70 years. The results of
ostracods combination showed that since 1990, the
UHODWLYH DEXQGDQFH RI FROG ZDWHU VSHFLHV UHGXFHG
VXFKDV&\FORF\SULVDQG&DQGRQDZKLOHWKHUHODWLYH
DEXQGDQFHRIWKHZDUPZDWHUVSHFLHVLQFUHDVHGOLNH
(XF\SULV DQG &\SULV /LPQRF\WKHUH ZDV WKH
GRUPLQDQW VSHFLHV LQ WKH FRUH 7KH DEVROXWH
DEXQGDQFHRIRVWUDFRGDLQFUHDVHGVKDUSO\ IURPWKH
HQG RI ODVW FHQWXU\ DQG UHGXFHG UDSLGO\ LQ UHFHQW
\HDUV7KHFRQWHQWRIELRORJLFDOVLOLFRQPDLQWDLQHGDW
D UHODWLYH KLJKHU OHYHO VLQFH  ZKLFK LQGLFDWHG
WKDWWKHSULPDU\SURGXFWLYLW\ZDVUHODWLYHO\KLJKLQ
/DNH /XJX GXULQJ WKLV SHULRG DQG SK\WRSODQNWRQ
FRQWDLQLQJ VLOLFRQ HJ 'LDWRPV  LQFUHDVHG
7KHUHIRUH FOLPDWH FKDQJH LQ WKLV UHJLRQ OHG WR WKH
LQFUHDVHRISULPDU\SURGXFWLYLW\LQODNH/XJXRYHU
WKHODVW\HDUV

,WLVUHSRUWHGIURP,3&&  WKDWWKHPHDQ
JOREDODQQXDOWHPSHUDWXUHKDVUDLVHGDERXW oC
GXULQJWKHSDVW\HDUVIURP$'WR$'
,Q WKH EDFNJURXQG RI JOREDO ZDUPLQJ WKH PHDQ
DQQXDO WHPSHUDWXUH RI WKH HDUWK V VXUIDFH LQ &KLQD
LQFUHDVHG REYLRXVO\ E\ DERXW  WR  oCˈD ELW
KLJKHUWKDQWKDWLQWKHJOREDOZRUOGZKLFKLV oC
±  oC>@<XQQDQ D SURYLQFH LQ ORZ ODWLWXGH
SODWHDX ZKLFK LVVLJQLILFDQWO\ DIIHFWHG E\ WKH
PRQVRRQKDVDQHYLGHQWZDUPLQJWHQGHQF\GXULQJ
WKHSDVW\HDUV>@
/DNH HFRV\VWHP SURYHQ WR EH VHQVLWLYH WR
HQYLURQPHQW FKDQJHV FDQ FRPSUHKHQVLYHO\ UHIOHFW
WKHUHVSRQVH RI HQWLUH ZDWHUVKHG WR FOLPDWH FKDQJH
>@5HPRWHDOSLQHODNHVKDYHFRQWLQXRXVVHGLPHQWV
DQGFDQUHFRUGWKHLUDUHD¶VFOLPDWHDQGHQYLURQPHQW
LQKLJKHUUHVROXWLRQGXULQJWKHSDVWSHULRGVRWKH\
DUHZLGHO\XVHGWRVWXG\WKHKLVWRU\RIJOREDOFKDQJH
>@ /XJX /DNH LQ WKH FLW\ RI /LMLDQJ <XQQDQ
SURYLQFHLVORFDWHGDWWKH<XQQDQ*XL]KRX3ODWHDX
DVXEWURSLFDOUHJLRQ ZKLFKLVDIIHFWHGE\VRXWKHDVW
DQGVRXWKZHVWPRQVRRQ$VDUHPRWHDOSLQHVVHPL
FORVHGGHHSDQGROLJRWURSKLFIUHVKZDWHUODNH/XJX
ZKLFKLVIDUDZD\IURPLQGXVWULHVLVDQLGHDOSODFH
WR VWXG\ DTXDWLF HFRV\VWHP UHVSRQVH WR FOLPDWH
FKDQJH >@ ,W KDV ORZ SRSXODWLRQ GHQVLW\ ORZ
DQWKURSRJHQLF LQWHUIHUHQFH DQG ODUJH YHJHWDWLRQ
FRYHUDJH $QG LWV ZDWHU LV LQ DFFRUGDQFH ZLWK
QDWLRQDOZDWHUTXDOLW\VWDQGDUG,>@
/DNHVHGLPHQWVDUH³QDWXUDODUFKLQYHV´ZKLFK
DOORZ WUDFLQJ GLIIHUHQW SURFHVVHV RFFXUULQJ LQ WKH
QDWXUDO HQYLURQPHQW DW D ORFDO DV ZHOO DV UHJLRQDO
VFDOH >@ ,Q WKH ELRORJLFDO UHFRUGV RI ODNH
VHGLPHQWV RVWUDFRGD IRVVLO DQG ELRJHQLF VLOLFD DUH
ZLGHO\ XVHG LQ WKH VWXG\ RI SDOHRHFRORJLFDO DQG
SDOHRHQYLURQPHQWDO UHVHDUFK>@ &RPSDUHG ZLWK
JDVWURSRGV DQG FRSHSRGV RVWUDFRGDV DUH D NLQG RI

.(<:25'6
lake/XJXRVWUDFRGVELRVLOLFRQJHRFKHPLFDOSUR[LHV
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PLFURDUWKURSRGZKLFKKDYHORQJJHRORJLFDOKLVWRU\
ODUJH SURGXFWLRQ DQG LV ZLGHO\ GLVWULEXWHG LQ WKH
ZRUOG 7KHLU FODVVLILFDWLRQ V\VWHP LV UHODWLYHO\
SHUIHFW:KDW¶VPRUHWKH\KDYHGHILQLWHVRXUFHDQG
FDQEHVWDEOHLQJHRORJLFDOWLPHZKLFKPDNHVWKHP
JRRG LQGLFHV WR UHYHDO SDOHRHQYLURQPHQWDO DQG
SDOHRFOLPDWH FKDQJH VR WKH\ FDQ EH XVHG WR
UHFRQVWUXFW WKH SDVW ZDWHU HQYLURQPHQW DQG
HFRORJ\>@$WSUHVHQWWKHPDLQUHVHDUFKLVWRLQIHU
FKDQJHV RI ODNH DUHD FOLPDWH HWF  LQ WKH UHJLRQ V
HQYLURQPHQW E\ DQDO\]LQJ RVWUDFRGV¶ HFRORJLFDO
FKDUDFWHULVWLFV
FRPELQDWLRQ
DEXQGDQFH
GLIIHUHQWLDWLRQGHJUHHDQGVRRQ>@EXWWKHUHDUH
IHZUHVHDUFKHVDERXWFOLPDWHFKDQJHVIRUQHDUO\
\HDUV/L<XDQIDQJHWDOSUREHGLQWRHQYLURQPHQWDO
FKDQJHV RI 1DQKRQJVKDQ /DNH LQ  \HDUV E\
DQDO\]LQJ
HFRORJLFDO
FKDUDFWHULVWLFV
DQG
FRPELQDWLRQRI 2VWUDFRGV >@ &RPSDUHG ZLWK
SODQNWRQ DQG ILVK IHZ VWXGLHV DERXW EHQWKRV¶
UHVSRQVHWRFOLPDWHFKDQJHVDUHFRQGXFWHG>@
,QDGGLWLRQWKHUHKDYHEHHQRQO\DIHZGRFXPHQWV
DQG UHSRUWV FRQFHUQHG ZLWK HIIHFWV RI FOLPDWH
ZDUPLQJRQELRJHQLFVLOLFDFRQWHQWLQODNHVGXULQJ
WKHSDVW\HDUV,QIRUHLJQFRXQWULHVUHVHDUFKHUV
PDLQO\ VWXG\ DERXW FKDQJHV RI VLOLFRQ FRQWHQW RI
PDULQH RUJDQLVPV VSDFH GLVWULEXWLRQ DQG WKH
UHODWLRQVKLS EHWZHHQ ELRJHQLF VLOLFD DQG
HQYLURQPHQWDO IDFWRUV VXFK DV ZDWHU FKORURSK\OO
QXWULHQWVZDWHUIORZHWF>@$QGGRPHVWLFVWXGLHV
PDLQO\WDNHVHD <HOORZ6HD(DVW&KLQD6HDHWF DV
UHVHDUFK REMHFW WR LQIHU FKDQJHV RI ELRJHQLF VLOLFD
FRQWHQWIRUVRPHWLPHLQWKHUHJLRQWKXVWRVSHFXODWH
FRQGLWLRQV RI PDULQH SULPDU\ SURGXFWLYLW\ LQ WKLV
SHULRG RI WLPH>@ :LWK WKH FOLPDWH ZDUPLQJ
PRUHDQGPRUHREYLRXVODNHVDVQDWXUDOUHVHUYRLUV
SOD\DQLPSRUWDQWUROHLQUHJXODWLQJFOLPDWHDQGWKH
\LHOGRIULYHUZDWHU6RELRJHQLFVLOLFDLQGLFDWRURI
SULPDU\SURGXFWLYLW\LQODNHVDQGVHDVLVVLJQLILFDQW
WRVWUHQJWKHQUHVHDUFK>@
7KURXJKLQYHVWLJDWLQJDQGDQDO\]LQJWKHUHFRUG
RIVHGLPHQWVVXFKDVELRJHQLFVLOLFDRVWUDFRGVDQG
SK\VLFDO DQG FKHPLFDO LQGLFHV LQ /XJX /DNH WKLV
UHVHDUFKLVDLPHGDWUHYHDOLQJWKHUHVSRQVHRIFOLPDWH
FKDQJH DQG RWKHU HQYLURQPHQWDO IDFWRUV WR WKH
VHGLPHQW UHFRUGV RI ODNHV LQ VRXWKHDVW &KLQD IRU
QHDUO\  \HDUV VLQFH WKH LQGXVWULDO UHYROXWLRQ
HVSHFLDOO\ RYHU WKH SDVW FHQWXU\ %HVLGHV WKLV
UHVHDUFKFDQDOVRSURYLGHVRPHWKHRUHWLFDOEDVLVIRU
WKHHIIHFWRIUHJLRQDOFOLPDWHFKDQJHRQLQODQGZDWHU
HQYLURQPHQWDQGZDWHUHFRV\VWHPVIRUWKHHIIHFWRI
JOREDO ZDUPLQJ RQ ODNH HFRV\VWHPV DQG IRU WKH
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SUHGLFWLRQ RI WKH HIIHFW RI JOREDO ZDUPLQJ LQ WKH
IXWXUH

0$7(5,$/6$1'0(7+2'6
Study site description. Lugu lake 1
ƍaƍ ( ƍaƍ  LV ORFDWHG LQ
<RQJQLQJWRZQVKLSQRUWKRI 1LQJODQJFRXQW\DQG
LQ WKH PRXQWDLQV OHIW RI<DQ\XDQ FRXQW\ 6LFKXDQ
SURYLQFH ,WV DOWLWXGH LV DSSUR[LPDWHO\  P
ZKLOHLWVDUHDLVDERXWNP )LJXUH DQGLWLV
LQDORZODWLWXGHSODWHDXPRQVRRQUHJLRQ7KHWRWDO
DUHD DQG YROXPH RI WKH ZDWHUV LV  NP DQG
î P UHVSHFWLYHO\,WVDYHUDJHGHSWKLV
P DQG WKH PD[LPXP ZDWHU GHSWK LV  P 7KH
PD[LPXPWUDQVSDUHQF\RIWKHODNHFDQEHXSWRP
EXWPRVWDUHEHWZHHQaP,WVQXWULHQWOHYHO
LV UHODWLYHO\ VWDEOH DV LWV ZDWHU TXDOLW\ KDV EHHQ
PDLQWDLQHGIRUFODVV,>@7KHPDLQZDWHUVXSSO\
RI /XJX ODNH LV UDLQIDOO DQG WKH LQSXW DQG RXWSXW
ZDWHU LV PDLQO\ EDODQFHG 7KH DQQXDO DYHUDJH
DPSOLWXGHRIZDWHUOHYHOLVDERXWP7KHRQO\H[LW
RI/XJXODNH*DL]XULYHULVLQWKHHDVWFRDVW>@$V
D VHPLFORVHG ODNH LWV UHFKDUJH FRHIILFLHQW LV RQO\
VRWKHERDUGLQJWLPHLVXSWRD7KHODNHLV
LQ WKH PRQVRRQ UHJLRQ RI VRXWKZHVW DQG WKH ORZ
ODWLWXGHSODWHDXZKLFKEULQJVLWZDUPFOLPDWHZLWK
PRXQWDLQ PRQVRRQ ,W LV FRQWUROOHG E\ WKH GU\
&RQWLQHQW 0RQVRRQ &OLPDWH LQ ZLQWHU DQG :HW
0DULQHFOLPDWHLQVXPPHUZLWKZHWDQGGU\VHDVRQ
FOHDUO\ 7KH DQQXDO DYHUDJH WHPSHUDWXUH LV Ԩ
WKH DYHUDJH DQQXDO SUHFLSLWDWLRQ LV PP DQG
DOPRVWRIWKHDQQXDOSUHFLSLWDWLRQFRQFHQWUDWHV
LQ WKH UDLQ\ VHDVRQ 'XULQJ -DQXDU\ DQG )HEUXDU\
WKHUHLVDVPDOODPRXQWRIUDLQDQGVQRZˈZKLOHWKH
DQQXDOUHODWLYHKXPLGLW\LV7KHVXQVKLQHKRXUV
WKURXJKRXW WKH \HDU DUH K ZLWK SHUFHQWDJH RI
VXQVKLQHRI0RVWRIWKHSHDNVZKLFKDUHRYHU
PDURXQGWKHODNHDUHFRYHUHGE\IRUHVWRUVKUXE
YHJHWDWLRQ DQG WKH IRUHVW FRYHUDJH UHDFKHV 
>@
/XJX/DNHLVWKHKLJKHVWODNHLQ<XQQDQDQGLV
DOVRRQHRIWKHGHHSHVWIUHVKZDWHUODNHVLQ&KLQD)DU
DZD\IURPFLWLHVDQGLQGXVWULHVDQGOHVVGLVWXUEHGE\
KXPDQEHLQJWKHODNHKDVKLJKIRUHVWFRYHUDJHUDWH
DQGORZOHYHORIFRQWDPLQDWLRQ,Q1RYHPEHU
/XJXODNHZDVDVVHVVHGDV$$$$OHYHOVFHQLFVSRW
ZKLFKLVDSUHFLRXVUHJLRQRIVWXG\LQJODNHHYROXWLRQ
DQGFOLPDWHFKDQJH
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),*85(
7KHORFDWLRQRIODNH/XJXDQGWKHVDPSOLQJVLWH
Field and laboratory methods. A 25 cm long
sediment core (LGH-5) was collected at a water
depth of 42.0 m using a UWITEC gravity corer in
August 20, 2010 near the central part of the southern
Lugu Lake (1  ƍ Ǝˈ(  ƍ Ǝ
Figure 1). The core was sectioned at 0.5 cm
contiguous intervals in the field, and the collected
subsamples were sealed in plastic bags with
consecutive numbering and immediately transported
to the laboratory, and then kept in a refrigerator at 20 oC.
210
Pb dating was measured in the State Key
Laboratory
of
Lake
Science
and
Environment(SKLLSE), Nanjing Institute of
Geography and Limnology, Chinese Academy of
Sciences. The upper frozen-dry subsamples were
analyzed for 210Pb and 226Ra by direct gamma
spectrometry using the Ortec HPGe GWL series of
well-type, coaxial, low background, intrinsic
germanium detectors [26].
210
Pb activity was determined via its direct
gamma emissions at 46.5 keV and 226Ra via the
295.2 and 351.9 keV Ȗ-rays emitted by its daughter
isotope 214Pb following 3-week storage in sealed
containers to allow secular equilibration to be
established. Supported 210Pb in each sample was
assumed to be in equilibrium with in situ 226Ra.
Unsupported 210Pb activity at each depth was
calculated by subtracting 226Ra activity from the total
210
Pb activity [27]. The standard error of replicate
analyses does not exceed 10%.
The dry bulk density of the sediments was
measured using a density determination kit for

Excellence XP/XS analytical balances (MettlerToledo AG, Switzerland). The wet sediments were
analyzed for water content by drying for 24 h at 105
o
C, and then combusted at 550 oC for 3-4 h to
determine the percentage loss on ignition (LOI) [28].
The CE-440 elemental analyzer (EAI Company) was
used for the determination of total organic carbon
(TOC) and total nitrogen (TN) content of the
samples, and calculated TOC/TN ratios (i.e. C/N).
Persulfate digestion method was used to measure
total phosphorus (TP).
Biogenic silica (BSi) analyses were performed
using the standard method of colorimetric
determination of the blue silica molybdate
complex>@, namely using 2 M Na2CO3 solution
extraction at 85°C for 8 h, and determinate by
molybdenum blue spectrophotometry at 812nm. The
standard error of replicate analyses does not exceed
2.5%.
The species identification of ostracods was
based on the system of :DQJ DQG 6KD  
Meisch (2000), Hou (1982, 2007), Iedqpa and Nigp
(1988), -LDQJ et al. (2007) [14,3034]. In order to
isolate the ostracods from the sediments, we took 510 g wet sediments from each sample and oven-dried
them for 24 h at 65°C to obtain their dry weights.
The samples were put in a plastic container and
mixed with 10% hydrogen peroxide (H2O2) to
remove organic matter. Then 0.1N HCl was added to
remove carbonate. The processed samples were
sieved, washed and dried at 65°C. Ostracod valves
left in the sieves were picked out from dried residues
by brush under a binocular microscope (Olympus
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However, the deposition rate calculated according to
the CRS model at different depth is various.
The deposition rate and the sediment accumulation
rate generally increased from top to bottom. The
average deposition rate and the sediment
accumulation rate were 0.14 g cm-2 yr-1 in the upper
6.0 cm, and 0.18 g cm-2 yr-1 from 6.0 cm to 22 cm,
repectively. The age-depth plot suggests that LGH-5
spans a period of approximately 100 years, dating
back to ca. 1910 AD.

&OLPDWH GDWD 7KH GDLO\ WHPSHUDWXUH DQG
SUHFLSLWDWLRQPHWHRURORJLFDOGDWDIURPWR
DW/LMLDQJZHDWKHUVWDWLRQ PDVOFD
NPVWUDLJKWOLQHGLVWDQFHIURP/XJX/DNH ZHUHJRW
IURPWKH&KLQD0HWHRURORJLFDO'DWD6KDULQJ6HUYLFH
3ODWIRUP KWWSFGFFPDJRYFQ  7he monthly,
seasonal and annual temperature and precipitation
were then established from the collected data7KLV
DUWLFOHVHOHFWVPRQWKO\SUHFLSLWDWLRQDQGWHPSHUDWXUH
GDWDWRDQDO\]HUHJLRQDOFOLPDWHFKDUDFWHUVRIDQQXDO
DQGVHDVRQDO7KHWLPHVHULHVRIDQQXDODQGVHDVRQDO
WHPSHUDWXUH DQRPDO\ DQG SUHFLSLWDWLRQ GHSDUWXUH
ZHUHFRQVWUXFWHG)RUGHSLFWLRQRIWHPSHUDWXUHDQG
SUHFLSLWDWLRQ GDWD  \HDU UXQQLQJ PHDQ RI
WHPSHUDWXUH DQG SUHFLSLWDWLRQ ZHUH FDOFXODWHG WR
UHIOHFWWKHWUHQGRIFOLPDWHDQGSUHFLSLWDWLRQFKDQJH
>@

3K\VLFRFKHPLFDO FKDUDFWHULVWLFV RI WKH
VHGLPHQW DQG DQG %6L SUR[LHV 3K\VLFRFKHPLFDO
FKDUDFWHULVWLFV RI WKH VHGLPHQW DQG %6L SUR[LHV
YHUVXV GHSWK LQ WKH /*+ FRUH ZDV VKRZHG LQ
)LJXUH7KHFRUUHODWLRQDQDO\VLVEHWZHHQWKHGDWD
WKHPHDQDQQXDOGDLO\WHPSHUDWXUHDQGSUHFLSLWDWLRQ
PHWHRURORJLFDOGDWDIURPWR$'DW/LMLDQJ
ZHDWKHUVWDWLRQ DQGWKHFRQWHQWRI TOC, TN,&1
UDWLR 72&71 &D&2ZDVFDUULHGRXW7KHUHVXOWV
VKRZHG WKDW WKH PHDQ DQQXDO WHPSHUDWXUH ZHUH
VLJQLILFDQWO\ SRVLWLYHO\ FRUUHODWHG ZLWK72& LQ WKH
WZHQW\ VHYHQ FROOHFWHG VXEVDPSOHV 5 
p 1  EXWQRVLJQLILFDQWFRUUHODWLRQZLWK
WKH FRQWHQW RI &1 72&71  DQG &D&2 In
addition, the statistically significant correlations
were found between the SUHFLSLWDWLRQ and the content
of TOC, &1and &D&2 concentration (5 p
 5  p  5 p 
1  respectively). From the results recorded in the
sediment cores of Lugu lake GXULQJWKHODVW\HDUV
DORZYDOXHLQ72&ZDVIRXQGEHWZHHQDQGFP
FD ± $'  ZKLFK ZDV GXH WR WKH ORZ
WHPSHUDWXUHDQGWKe few SUHFLSLWDWLRQLQWKHUHJLRQ
LQWKHSHULRG7KHFRQWHQWRI72&ZDVIROORZHGE\
LQFUHDVLQJWUHQGVIURPFPWRWKHWRSRIFRUHZLWK
DQDYHUDJHYDOXHRIDQGWKHILQGLQJVZHUHLQ
DFFRUGDQFHZLWKWKHULVLQJWHPSHUDWXUHVVLQFH
$'
7KH OLQHDU FRUUHODWLRQ EHWZHHQ WKH FRQWHQW RI
71DQG72&LQVHGLPHQWVZDVVLJQLILFDQWO\SRVLWLYH
3 1   The ratio of C/N in the sediment
was used as an indicator of the relative contributions
of organic matter from terrestrial versus aquatic
sources. Generally speaking, terrestrial organic
matter typically possesses C/N values >22>@,
whereas algal organic matter generally displays C/N
values from ca. 4 to 10 [40]. C/N ratio RIVHGLPHQW
FRUHLGH-5 was in a range of 7.68~16.52 (C/N mean
11.77), which indicated that the sedimentary organic
matter in Lugu lake was mainly a result from
autochthonous production[39,40].

'DWD WUHDWPHQW DQG DQDO\VLV Descriptive
statistics and Pearson and Spearman correlations for
environmental variables and biologic variations
about ostracods were calculated using SPSS version
16.0.The
significance
of
ostracod-based
biostratigraphic zones was calculated by using the
constrained incremental sum of squares (CONISS)
facility within the computer programs TILIA and
TILIAGRAPH[36], and the statistical analyses of
diatom assemblages were based on percent
DEXQGDQFHVDQGLQFOXGHGGLDWRPWD[DZLWK
abundance at least one sample. The geochemical and
biological indicators (ostracods, BSi and
physicochemical SUR[LHV) was plotted using the
computer program C2[37].

5(68/76
'DWLQJ FRUH FKURQRORJ\ Due to the nonmonotonic variation in unsupported 210Pb activity,
the date were calculated using the constant rate of
supply (CRS) model [38]. 210Pbtot activity decreased
exponentially with increasing depth and equilibrated
with 226Ra at 22 cm (TXDOLW\ GHSWK DW 11.22g/cm2)
(Figure 2a). The resulting 210Pb chronology
indicated an earliest date of 1830 AD ± 14 at a depth
of 22 cm (Figure 2b). Results indicated that the
average deposition rate was 0.15 g cm-2 yr-1.
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),*85(
D DQGDJHGHSWKSORWIRU/*+FRUH E

H[FDFWLYW\RITXDOLW\GHSWK

),*85(
*HRFKHPLFDODQG%6LSUR[LHVYHUVXVGHSWKLQWKH/*+FRUH 1RWH7KHPHDQDQQXDOWHPSHUDWXUHDQG
SUHFLSLWDWLRQGHSDUWXUHIURPIURP/L-LDQJZHDWKHUVWDWLRQGDWDIURP&KLQD0HWHRURORJLFDO
'DWD6KDULQJ6HUYLFH6\VWHPKWWSFGFFPDJRYFQ (right figure)
finGLQJV FRQILUPHG WKH /XJX /DNH¶ SULPDU\
productivity increase was driven by rising
temperatures and human activities in recent fifty years,
especially for nearly 20 years. The content change of
&D&2ZDVVLPLODUWRWKHYDULDWLRQRI&1YDOXHV7KH
VPDOOHU FRQWULEXWLRQV IURP WKH terrestrial organic
matter, the lower contents of Werrestrial &D&2were
from sediment organic matter.

The C/N ratio in sediment core LGH-5 was
gradually declined with a relatively low value (C/N
mean 11.77) during two periods (from ca. 1970 to
1980 AD and 2005 to 2010 AD). This maybe attribute
to the contributions of organic matter from terrestrial
were relatively lower because of the less precipitation
in the two periods. In addition, the results were
accelerated by the contributions from the terrestrial
organic matter which was positively correlated with
the regional climate warming since 2005 AD. The
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),*85(
6SHFLHVFRPSRVLWLRQRIIRVVLORVWUDFRGVYHUVXVGHSWKLQWKH/*+FRUH 1RWH7KHPHDQDQQXDO
WHPSHUDWXUHDQGSUHFLSLWDWLRQGHSDUWXUHIURPIURP/L-LDQJZHDWKHUVWDWLRQGDWDIURP&KLQD
0HWHRURORJLFDO'DWD6KDULQJ6HUYLFH6\VWHPKWWSFGFFPDJRYFQ (right figure)
Zone III. The abundance of genera &DQGRQDZDVORZ
EXW RWKHU WZR RVWUDFRGH WD[D DEXQGDQFH &DQGRQD
DQG &\FORF\SULV  PDLQWDLQHG LQFUHDVLQJ WUHQGV LQ
]RQH II a. ,QFRQWUDVW, the percentage of /LPQRF\WKHUH
LQFUHDVHGUDSLGO\andthe percentage of &DQGRQDDQG
&\FORF\SULVVLJQLILFDQWO\ reduced LQ]RQH II bDQG
&DQGRQDGLVDSSHDUHG.
Zone III (ca. 1992±2009 AD) was divided into
two subzones, Zone IIIa and Zone IIIb. The
abundance and diversity of ostracodes in Zone IIIa
was high with the average abundance of 50 per layer,
which were dominated by /LPQRF\WKHUH. In Zone
IIIb, the abundance and diversity of ostracodes
decreased significantly, but the percentage of
/LPQRF\WKHUH was also predominant in ostracode
assemblages.

BSi concentrations of LGH-5 were relatively
low at 14.5 cm (ca. 1945 AD), 10.5 cm (ca. 1965 AD)
and from 6 cm to 9.5 cm (ca. 1986 - 1992 AD).Since
ca. 1992 AD to 2010 AD (0~6cm), the contents of
BSi showed increasing trends in Lugu Lake, which
may indicated the increase in primary productivity.
Therefore, it suggested that as result of the climate
warming in recent 60 years, the changes of BSi and
C/N content increased in the Lugu Lake region.
6SHFLHV FRPSRVLWLRQ6SHFLHV FRPSRVLWLRQ RI
IRVVLORVWUDFRGVIRU/*+ZDVVKRZQLQ)LJXUH
7KH VHGLPHQW VDPSOHV FRQWDLQHG RVWUDFRG VKHOOV RI
VL[JHQHUDLQWRWDO7KHVHDUH/LPQRF\WKHUH(XF\SULV
&\SULV 'DUZOQXOD &DQGRQD &\FORF\SULV 7KH
IRVVLO RVWUDFRG DVVHPEODJHV ZHUH GRPLQDWHG E\
/LPQRF\WKHUHZKLOH&\FORF\SULVDQG/LPQRF\WKHUH
ZHUH WKH PRVW IUHTXHQW DQG DEXQGDQW WD[D EHIRUH
V7KUHHRVWUDFRGH]RQHVZHUHLGHQWLILHGEDVHG
RQFKDQJHVLQPDMRUWD[DDEXQGDQFHRI/*+
Zone I (ca. 1840-1940 AD) was dominated by
/LPQRF\WKHUH, &\FORF\SULV and &DQGRQD7KH WRWDO
DEXQGDQFHDQGVLPSOHGLYHUVLWLHVRIRVWUDFRGIRVVLO
LQZone IZDVUHODWLYHO\ORZHUWKDQLQZone III.
Zone II (ca. 1940±1992 AD) was split into two
subzones. 7KHWRWDODEXQGDQFHDQGVLPSOHGLYHUVLWLHV
RI RVWUDFRGHV IRVVLO LQ Zone II ZDV ORZHU WKDQ LQ

',6&866,21
&DXVHVRI%6LUHFRUGBSi, NQRZQDVSK\WROLWK
RU RSDO can be comprised of different components
mainly of biological origin such as diatoms
phytoliths, radiolarians, silicoflagellates and sponge
spicules. The contents of BSi in sediments were
often used as proxy indicators of productivity of lake
and its basin [28, 4142]. In recent 60 years (ca.
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$'),
BSi
contents
were
highlysignificantly positively correlated with the
annual temperature mean (Spearman r = , p
 n =27), and not correlated with DQQXDO
UDLQIDOO (p!n =27). The results suggested that
BSi concentration was closely correlated with the
change of climate in the region. Based on the
analysis of C/N values, the increase in lake primary
productivity became contribution to sedimentary
organic matter in sediment, and BSi was mainly a
result from autochthonous lake production.
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/LPQRF\WKHUH KDYH VLJQLILFDQW SRVLWLYH FRUUHODWLRQ
ZLWK WHPSHUDWXUH 5  3  5 
3 5 3 1  From ca. 1990
to 2005 AD, the ostracod abundance markedly
increased and the number reached to fifty in per layer.
Since ca. 2005 AD, ostracod abundance rapidly
decreased with the organic matter content reduced,
reflected ostracod abundance was significantly
positively correlated with TOC content˄5 
3  1 ˅ )XUWKHUPRUH WKH ostracod
GLIIHUHQWLDWLRQ KDV LQFUHDVHG 6LPLODU UHVXOWV KDYH
EHHQ IRXQG DQG WKH LQFUHDVH LQ DEXQGDQFH DQG
GLIIHUHQWLDWLRQ ZHUH SRVLWLYHO\ FRUUHODWLRQ ZLWK
FOLPDWH ZDUPLQJ /LPQRF\WKHUH ZDV RIWHQ
DVVRFLDWHGZLWKZDUPFRQGLWLRQVKDVEHHQREVHUYHG
WRLQFUHDVHLQWKHDEXQGDQFHDQGEHFRPHGRPLQDQW
VSHFLHV 2Q WKH RWKHU KDQG &\FORF\SULV KDV
VLJQLILFDQW QHJDWLYH FRUUHODWLRQZLWK WHPSHUDWXUH
5  3  1   HYHQ GLVDSSHDUHG
UHVXOWHGIURPFOLPDWH ZDUPLQJ&ROGZDWHUVSHFLHV
&DQGRQD OLYLQJ FRQGLWLRQV ZDV VLPLODU WR
&\FORF\SULVWKHDEXQGDQFHREYLRXVO\GHFUHDVHG

&DXVH RI RVWUDFRG UHFRUG UHPDLQV IURP
/XJXODNHOstracods are small bivalved crustaceans,
which shells are typically 0.3-3mm long. They live
in a broad range of aquatic habitats (such as lakes,
ponds, springs, streams, rivers, estuaries, and oceans)
and known to be sensitive to changes in temperature
[43], salinity [44], ionic composition [45], and
nutrient status [46]. They are also intensely affected
by a range of other habitat variables such as water
depth, volume, retention time, water transparency,
and the degree of aquatic macrophyte cover [47]. As
a result of world-wide distribution and long
historical records, ostracods can act as a useful
indicator to reconstruct paleoenvironments [4850].
=RQH,IURPFDWR$'WKHQXPEHU
RI2VWUDFRGZHUHVHYHUDOWRPRUHWKDQWHQVKHOOVSHU
OD\HUUHODWHGZLWKFOLPDWHDQGQXWULWLRQ2QWKHRWKHU
KDQG2VWUDFRGZDVGHVWUR\HGE\VHGLPHQWRORJ\DQG
ELRORJLFDO IDFWRUV VXFK DV PHFKDQLFDO GDPDJH
FRPSDFWLRQ
FKHPLFDO
FRUURVLRQ
DQG
UHFU\VWDOOL]DWLRQ
)URP FD  WR  $' =RQHϩ  WKH
WHPSHUDWXUH DQG UDLQIDOO GDWD IURP OLMLDQJ FLW\
ZHDWKHU VWDWLRQ LQGLFDWHG WKDW WKH HQYLURQPHQQWDO
FRQGLWLRQVWXUQHGLQWRDFROGDULGSKDVH7KHUHVXOWV
RIRVWUDFRGVFRPSRVLWLRQVKRZHGWKDWWKHFROGZDWHU
VSHFLHVVXFKDV&\FORF\SULVDQG&DQGRQDLQFUHDVHG
ZKLOH WKH ZDUP ZDWHU VSHFLHV OLNH (XF\SULV DQG
&\SULVUHGXFHGLQWKHUHODWLYHDEXQGDQFH7KLVPLJKW
LQGLFDWHDDGDSWLRQWRFKDQJHVLQWHPSHUDWXUH
)URP FD  WR  $' =RQH Ϫ 
WHPSHUDWXUH DQG UDLQIDOO GDWD VXJJHVWHG WKH ZDUP
ZHW DQG ZDUPGU\ SHULRGV LQ  $'
7HPSHUDWXUH SOD\HG D YLWDO UROH LQ WKH RVWUDFRG
FRPSRVLWLRQDO DVVHPEODJHV &\SULV (XF\SULV DQG

6SHFLHV±HQYLURQPHQW
UHODWLRQVKLSV&&$
LGHQWLILHGVHYHQHQYLURQPHQWDOYDULDEOHV &D&273
71 &1 0$7 0$5 %6L  WKDW VLJQLILFDQWO\
H[SODLQHGWKHYDULDWLRQLQWKHRVWUDFRGDVVHPEODJHV
)LJXUH   &DQRQLFDO DQDO\VHV RI WKH SUHVHQWHG
FDOLEUDWLRQ GDWDVHW UHYHDOHG 7(03 DV WKH PDLQ
HQYLURQPHQWDO YDULDEOH ZKLFK FRQWUROV RVWUDFRG
GLVWULEXWLRQ LQ WKH VWXGLHG ODNH 7KH ELSORW FOHDUO\
LOOXVWUDWHG WKDW &\FORF\SULV DQG &DQGRQD ZHUH
DIIHFWHG E\ LQFUHDVHG &D&2OHYHOV (XF\SULV
&\SULVDQG/LPQRF\WKHUHZHUHLQIOXHQFHGE\0$7
0$5DQG%6L7KHJURXSRIVSHFLHV'DUZPXODVS
ZDV GLVWLQJXLVKHG ZKLFK SUHIHU UHODWLYHO\ KLJKHU
72& ,Q DGGLWLRQ ZH IRXQG WKH FRPSRVLWLRQ RI
RVWUDFRGZDVVLPLODUWRWKHQHLJKERULQJOD\HU
/XJX /DNH ZKLFK LV D UHPRWH DOSLQH
ROLJRWURSKLFWHPSHUDWHODNHLWLVVXJJHVWHGWKDWWKH
FKDQJHV LQ %6L RVWUDFRG DEXQGDQFH DQG
GLIIHUHQWLDWLRQ ZDV PDLQO\ UHVXOW IURP WKH FOLPDWH
ZDUPLQJLQWKH/XJX/DNHUHJLRQLQUHFHQW\HDUV
,Q DGGLWLRQ 72& FRQFHQWUDWLRQ LQ VHGLPHQW ZDV
DQRWKHULPSRUWDQWIDFWRULQRVWUDFRGDEXQGDQFH
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FIGURE 5
CCA biplot of species and environmental variables
&21&/86,21

5()(5(1&(6

3K\WRSODQNWRQFRQWDLQLQJVLOLFRQ HJ'LDWRPV 
LQFUHDVHDQGWKHUHJLRQFOLPDWHFKDQJHRYHUWKHODVW
 \HDUV OHDG WR WKH LQFUHDVH RI ODNH SULPDU\
SURGXFWLYLW\LQ/DNH/XJX6LQFHˈLQFUHDVHLQ
WKH DEXQGDQFH DQG GLIIHUHQWLDWLRQ RI RVWUDFRG was
consistent with the climate warming in the period,
which sugguested ostracod species were sensitive to
temperature change and can be used as
paleoenvironmental indicators. /LPQRF\WKHUH ZDV
WKHGRPLQDQWRVWUDFRGWD[DLQWKH/*+EXWEHIRUH
VWKHRVWUDFRGZHUHGRPLQDWHGE\ &\FORF\SULV
DQG /LPQRF\WKHUH LQ /*+ Changes in BSi,
RVWUDFRG abundance and GLIIHUHQWLDWLRQZHUHPDLQO\
UHVXOW IURP WKH FOLPDWH ZDUPLQJ LQ WKH /XJX /DNH
UHJLRQ LQ UHFHQW  \HDUV 0RUHRYHU 72&
FRQFHQWUDWLRQ ZDV WKH RWKHU LPSRUWDQW IDFWRU
LQIOXHQFLQJRVWUDFRGVDEXQGDQFH

[1] ,3&&   µ&OLPDWH FKDQJH UHSRUW RI
ZRUNLQJ JURXS RI WKH LQWHUJRYHUQPHQWDO SDQHO
RQ FOLPDWH FKDQJH¶&DPEULGJH &DPEULGJH
8QLYHUVLW\3UHVVSS
[2] 7KHVHFRQGQDWLRQDODVVHVVPHQWUHSRUWHGLWRULDO
FRPPLWWHH RI FOLPDWH FKDQJH   µ7KH
VHFRQGQDWLRQDODVVHVVPHQWRIFOLPDWHFKDQJH¶
3HNLQJ6FLHQFH3UHVVSS LQFKLQHVH
[3] &KHQJ-*DQG;LH0(  µ7KH$QDO\VLV
RI 5HJLRQDO &OLPDWH &KDQJH )HDWXUHV RYHU
<XQQDQ LQ 5HFHQW  <HDUV¶3URJUHVVLQ
*HRJUDSK\ 9RO  1RV  SS  LQ
FKLQHVH
[4] $GULDQ 5 2¶5HLOO\ &0 =DJDUHVH +
%DLQHV6% +HVVHQ '2 .HOOHU:
/LYLQJVWRQH'06RPPDUXJD56WUDLOH'
'RQN (9 :H\KHQPH\HU*$ DQG :LQGHU
0  µ/DNHVDVVHQWLQHOVRIFOLPDWHFKDQJH
/LPQRORJ\
DQG
2FHDQRJUDSK\¶/LPQRO
2FHDQRJU9RO1RVSS
[5] %DWWDUEHH5: *U\WQHV-$ 7KRPSVRQ5
$SSOHE\*
&DWDODQ-
.RUKROD$
%LUNV+-% +HHJDDUG( DQG /DPL $  
µ&RPSDULQJ
SDODHROLPQRORJLFDO
DQG
LQVWUXPHQWDO HYLGHQFH RI FOLPDWH FKDQJH IRU
UHPRWHPRXQWDLQODNHVRYHUWKHODVW\HDUV¶-
3DOHROLPQRO9RO1RVSS
[6] %UDQFHOM$ âLâNR0 /DPL $ $SSOHE\3
/LYLQJVWRQH'0 %UDQFHOM/5 DQG 2JULQ

$&.12:/('*(0(176
7KLV ZRUN ZDV VXSSRUWHG E\ :DWHU 3ROOXWLRQ
&RQWURO DQG 7UHDWPHQW RI 1DWLRQDO 6FLHQFH DQG
7HFKQRORJ\ 0DMRU 3URMHFW
*UDQW 1R
=;  DQG WKH 1DWLRQDO 1DWXUDO
6FLHQFH)RXQGDWLRQRI&KLQD *UDQW 1R  
DQG -LDQJVX 3ODQQHG 3URMHFWV IRU 3RVWGRFWRUDO
5HVHDUFK)XQGV *UDQW 1R & 
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'  µ&KDQJHV LQ WKH WURSKLF OHYHO RI DQ
DOSLQH ODNH -H]HUR Y /HGYLFL 1: 6ORYHQLD 
LQGXFHGE\HDUWKTXDNHVDQGFOLPDWHFKDQJH¶-
/LPQRO9RO1RV6XSSOSS
[7] :X* =KDQJ4; =KHQJ;; 0X/) DQG
'DL /0  µ:DWHU TXDOLW\ RI /XJX /DNH
FKDQJHVFDXVHVDQGPHDVXUHPHQWV¶,QW-6XVW
'HY:RUOG9RO1RVSS
[8] <XQQDQ
3URYLQFH
ZDWHU
FRQVHUYDQF\
VWDWLRQ  µ<XQQDQ 3URYLQFH ZDWHU
UHVRXUFHV
EXOOHWLQ¶KWWSOM[[JN\QJRYFQFDQWRQBPRGHO
QHZVOLVWDVS["FODVVLG 
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SS LQFKLQHVH
[10] -LQJ/'/LX-7$R, +<:DQJ+*  
µ1XWULHQWV GLVWULEXWLRQ DQG ZDWHU TXDOLW\ RI
mesotrophic Dongqian lake: A study focused on
phytoplankton,
sediment
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1RVDSS
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APHIDICIDAL AND DETERRENT ACTIVITY OF PHENOLIC
ACID EXTRACTS FROM SOME HERBAL PLANTS
TOWARDS MYZUS PERSICAE SULZ. AND
RHOPALOSIPHUM PADI L.
Pawel Czerniewicz*, Grzegorz Chrzanowski, Hubert Sytykiewicz, Iwona Sprawka, Bogumil Leszczynski
Department of Biochemistry and Molecular Biology, Siedlce University of Natural Sciences and Humanities, Prusa 12, 08-110 Siedlce,
Poland

compounds, that disturb growth and development of
infested plants [1, 2]. The peach-potato aphid (Myzus
persicae Sulz.) has an extremely wide host range of
over 40 different plant families including a wide
variety of vegetable and ornamental crops. On the
other
hand,
the
bird
cherry-oat
aphid
(Rhopalosiphum padi L.) belongs to oligophagous
species that cause significant crop losses in cereals
[3].
Aphid populations are usually controlled with
the use of insecticides [4]. However, frequent
applications of synthetic pesticides have different
drawbacks, such as increasing pest resistance,
residues in food, and deleterious impact on
environment. There are also problems of negative
effects on non-target organisms, including humans
[5, 6]. Therefore, in recent years the research on
alternative methods of aphid control has become
more important. One of the alternative strategy to
chemical insecticides is the use of plant-derived
extracts, which are often more selective,
biodegradable, and generally have little or no
harmful effects on non-target organisms.
Furthermore, thanks to the fact that botanical
insecticides contain mixtures of biologically active
substances, the chances of developing pest resistance
are less likely [7, 8]. The insecticidal properties of
Juglans regia L. extracts against different kind of
pests have been reported by numerous research
papers [9-12]. Active compounds extracted from
Mentha piperita L. acted as a repellent to
Brevicoryne brassicae L. [13] and were toxic to
Tetranychus cinnabarinus Boisd. [14]. There are
also several data on the insecticidal properties of
extracts from Hypericum perforatum L. [15] and
Sambucus nigra L. [16, 17].
Plants have long been considered as a rich
source of biologically active metabolites. One of the
most active chemicals produced by plants are
phenolic compounds including phenolic acids.
These substances are well known from their
antioxidant, anticancer and antimicrobial activities
[18, 19]. Moreover, many of these phytochemicals
play an important role in defence mechanisms and
can be used as anti-herbivore agents in plant

ABSTRACT
The naturally-occurring phenolic acid mixtures
from selected herbal plants were tested for their
deterrent and aphidicidal activity towards two aphid
species, the peach-potato aphid, Myzus persicae
(Sulz.) and the bird cherry-oat aphid,
Rhopalosiphum padi (L.). The phenolic acids were
extracted from Hypericum perforatum (L.), Juglans
regia (L.), Mentha piperita (L.) and Sambucus nigra
(L.). The obtained results indicated that the phenolic
acid extracts negatively affected the development of
both aphid species. Their influence was
demonstrated by prolongation of the prereproductive
period, a reduction in daily fecundity and a decrease
in the intrinsic rate of natural increase. Among the
tested plants, extracts from J. regia and M. piperita
showed the most promising results. The phenolic
acids obtained from these plants, not only
significantly reduced the number of aphids on host
plant, but also limited initial infestation in choiceleaf bioassays. Furthermore, the oligophagous bird
cherry-oat aphid was more sensitive to the applied
concentrations of the phenolic extracts than the
highly polyphagous peach-potato aphid. It is
concluded that phenolic acids naturally occurring in
the donor plants might be used as biopesticides in
aphid control.

KEYWORDS:
botanical insecticides, phenolic acid extracts, peach-potato
aphid, bird cherry-oat aphid, feeding deterrents.

INTRODUCTION
Aphids are considered one of the most
important insect pests. Because of its capacity for
extremely rapid reproduction, they can develop high
population density in relatively short period of time.
Aphids cause serious damage to the plants, both by
direct feeding and by the transmission of plantpathogenic viruses. While feeding, aphids ingest
phloem sap and secrete within saliva toxic
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(stock solution). Spraying mixtures were
prepared from the stock solution after further
dissolving with distilled water containing 0.05%
Tween 80 and 4% ethanol.

protection. Earlier studies demonstrated that
different groups of phenolics may discourage insect
herbivory, either by deterring feeding and
oviposition or by impairing settling and larval
growth [20, 21]. In laboratory bioassays, it was
shown that phenolic acids extracted from J. regia
strongly limited fecundity and development of the
grain aphid (Sitobion avenae L.) [12].
The present paper reports on the effect of
phenolic acid extracts obtained from H. perforatum,
J. regia, M. piperita and S. nigra on settling behavior
as well as on growth and development of two aphid
species, the highly polyphagous peach-potato aphid
and the oligophagous bird cherry-oat aphid.

Estimation of deterrent activity. The
deterrent effect of three concentrations of phenolic
acid extracts (0.05%, 0.1% and 0.2%) towards M.
persicae and R. padi were tested. The aphids were
offered a choice between extract-treated and control
leaves. Leaves cut from suitable host plant (pea or
wheat) were dipped for 10 s in the extracts or control
solution (water containing 0.05% Tween 80 and 4%
ethanol) and dried at room temperature. Afterwards,
treated and control leaves were transferred into Petri
dishes (20 cm diameter) lined with moistened filter
paper. A group of 20 aphids (1-hour starved) were
placed between the leaves at the centre of the dish,
and after 24 h the number of insects present on each
leaf were recorded. The deterrence index (DI) was
calculated for each extract using the formula
according to Pascual and Robledo [23]:
DI = [(C-T)/(C+T)] x 100%,
C ± the number of aphids on control leaves;
T ± the number of aphids on treated leaves.

MATERIALS AND METHODS
Insect cultures. The aphids used in this study
came from a stock culture kept at the Siedlce
University of Natural Sciences and Humanities,
Poland. Parthenogenetic clone of M. persicae was
reared on pea seedlings (Pisum sativum L. cv.
Szesciotygodniowy) whereas R. padi was reared on
winter wheat (Triticum aestivum L. cv. Tonacja).
Insect cultures were maintained in a climatic
chambers at 22qC, 16:8 LD photoperiod, and 70%
RH. The adult apterous females were selected for all
subsequent experiments.

Estimation of aphidicidal activity. Two
concentrations of phenolic acids (0.05% and 0.2%)
from each plant were used to determine the influence
of the plant extracts on M. persicae and R. padi
development. The experiment took place in a
climatic chamber at 22 qC, 16:8 LD photoperiod, and
70% RH. Seven-day old pea and winter wheat
seedlings were infested with a wingless adult
females of M. persicae or R. padi, respectively. A
single aphid was then isolated with a Plexiglas tube
with cooling fans for ventilation. When females
started to produce offsprings, five nymphs were left
on each seedling and the other offsprings and the
adult were removed. The young nymphs (two-day
old) were sprayed with the tested phenolic acid
mixtures or 0.05% Tween in 4% ethanol (control)
using 0.2 ml of the solution per plant. The treatment
was repeated twice at 5-days intervals (when the
aphids reached maturity, and then, during their
reproductive activity). The following parameters
were measured: i) larval developmental time
(prereproductive period, PRP), ii) daily fecundity of
females (DF) and iii) number of aphids on plant at
the end of experiment. These data were used to
determine the influence of the plant extracts on M.
persicae and R. padi population development. The
intrinsic rate of natural increase (rm) was calculated
according to Wyatt and White [24].
rm = 0.738 x (ln Md) x d-1,
where: d is the length of the prereproductive period;
Md is the number of larvae produced in a
reproductive period equal to d and 0.783 is the
correction factor.

TABLE 1
Plant species used for preparing phenolic acid
extracts.
Scientific name
Hypericum perforatum L.
Juglans regia L.
Mentha piperita L.
Sambucus nigra L.

Family
Hypericaceae
Juglandaceae
Lamiaceae
Caprifoliaceae

Plant part used
Leaves and flowers
Leaves
Leaves and flowers
Leaves

Phenolic acid extracts. Phenolic acid mixtures
were obtained from four medicinal plants (Table 1).
The herb of H. perforatum and M. piperita were got
from herbal shop, while the leaves of J. regia and S.
nigra were collected from small private orchard
located in Siedlce. The procedure of phenolic acid
extraction was based on the method described by
Kowalski and Wolski [22]. Extraction of the
phenolic acids was performed using 50 g of dry
crushed plant material with 80% methanol. Pigments
and fatty substances were removed with petroleum
ether and the extracts were then cleared with sodium
hydrogen carbonate (5% final concentration). The
mixtures were acidified to pH 2.0 with 6 M
hydrochloric acid and the phenolic acid fraction was
immediately extracted with ethyl acetate. The
organic phase was evaporated to dryness under a
vacuum at 40qC. Residues of phenolic acids were
weighed and then dissolved in 20 ml of 80% ethanol
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Biological efficacy of phenolic acid extracts for
the aphids was expressed using Abbott's correction
[25].

RESULTS
The choice-leaf bioassay showed that M.
persicae and R. padi generally avoided leaves treated
with phenolic acid mixtures and the observed effect
intensified with increasing phenolics concentration.
Among plant extracts, the most active were phenolic
acids obtained from J. regia and M. piperita (Table
2, Table 3). All tested concentrations of phenolic
acids from J. regia significantly deterred peachpotato aphid and bird cherry-oat aphid, for which the
deterrence index ranged from 17.7% to 41.3% and
10.1% to 34.8%, respectively. Whereas extracts
from M. piperita showed deterrent properties at the
concentration of 0.1% and 0.2% with values of
deterrence index for M. persicae between 28.8% and
36.2%, and for R. padi between 21.3% and 42.5%.
In the case of extracts from H. perforatum and S.
nigra, both aphid species avoided treated leaves only
after application the highest concentration of
phenolic acid mixtures. However, as indicated
values of deterrence index, the aphid response was
weaker than that observed for extracts from J. regia
and M. piperita.
The tested phenolic acid extracts affected the
development of peach-potato aphid and the observed
effect was dose-dependent (Table 4). The PRP
values of M. persicae were prolonged by about 0.5

Statistical analysis. The analyses for
determination of deterrent activity of extracts
containing phenolic acids from tested plants against
R. padi and/or M. persicae as well as the effect of
these extracts on the growth and development of the
insects were carried out in ten independent
replicates. Differences between number of aphids on
seedlings sprayed with the extracts and number of
the insects on control (non-treated) seedlings were
calculated using Student¶V t-test. Kruskal-Wallis test
(nonparametric equivalent of ANOVA) was
calculated for evaluation of the diversity in the
parameters of aphids development (prereproductive
period, PRP; daily fecundity, DF; intrinsic rate of
natural increase, rm and number of insects on the end
of the experiment) under treatment with extracts.
Significance of differences between mean values
ZDV FDOFXODWHG XVLQJ 7XNH\¶V SRVW-hoc test at P <
0.05. All calculations were carried out using
Statistica 10.0 software (Statsoft, Poland).

TABLE 2
Deterrent activity of phenolic acid extracts towards peach-potato aphid.
Phenolic acid extracts

Conc. (%)

H. perforatum

0.05
0.1
0.2
0.05
0.1
0.2
0.05
0.1
0.2
0.05
0.1
0.2

J. regia

M. piperita

S. nigra

Mean number of females ± SD
Test
Control
8.7 ± 2.6
10.5 ± 2.2
8.4 ± 2.9
11.0 ± 3.1
7.8 ± 2.5
11.6 ± 2.6
7.9 ± 1.8
11.3 ± 1.9
7.0 ± 2.1
11.7 ± 1.6
5.4 ± 1.9
13.0 ± 2.0
8.7 ± 2.7
11.1 ± 3.2
6.8 ± 2.9
12.3 ± 3.0
6.0 ± 2.7
12.8 ± 3.1
8.1 ± 3.3
10.4 ± 1.4
7.4 ± 2.4
10.5 ± 2.9
7.0 ± 2.1
11.8 ± 2.0

P
0.131
0.087
0.006
0.001
< 0.001
< 0.001
0.110
0.001
< 0.001
0.073
0.026
< 0.001

Deterrence index
DI%
9.4
13.4
19.6
17.7
25.1
41.3
12.1
28.8
36.2
12.4
17.3
25.5

P ± confidence level of differences from the control 6WXGHQW¶Vt-test).
TABLE 3
Deterrent activity of phenolic acid extracts towards bird cherry-oat aphid.
Phenolic acid extracts

Conc. (%)

H. perforatum

0.05
0.1
0.2
0.05
0.1
0.2
0.05
0.1
0.2
0.05
0.1
0.2

J. regia

M. piperita

S. nigra

Mean number of females ± SD
Test
Control
7.4 ± 2.4
9.6 ± 2.8
8.6 ± 2.1
10.3 ± 1.6
7.1 ± 1.8
11.5 ± 2.5
8.5 ± 1.8
10.4 ± 1.0
7.4 ± 1.3
10.7 ± 1.9
5.8 ± 2.0
12.0 ± 2.6
6.4 ± 2.9
8.6 ± 3.2
6.3 ± 2.2
9.7 ± 2.9
5.0 ± 2.1
12.4 ± 3.0
7.6 ± 2.4
7.2 ± 3.1
7.2 ± 2.7
9.3 ± 2.7
5.9 ± 1.4
9.5 ± 2.8

P ± FRQILGHQFHOHYHORIGLIIHUHQFHVIURPWKHFRQWURO 6WXGHQW¶Vt-test).
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P
0.095
0.067
0.001
0.013
< 0.001
< 0.001
0.146
0.013
< 0.001
0.768
0.121
0.003

Deterrence index
DI%
12.9
8.9
23.7
10.1
18.2
34.8
14.7
21.3
42.5
-2.7
12.7
23.4
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Application of the phenolic acid extracts at
concentration of 0.2% reduced daily fecundity of the
females by 2.83 ± 4.21 offspring and the strongest
effect occurred after treatment with extract from J.
regia. Moreover, phenolic acids obtained from J.
regia reduced the value of the intrinsic rate of natural
increase much stronger, than those from M. piperita,
S. nigra and H. perforatum.
Treatments with phenolic acid extracts from
tested plants caused a significant decrease in the
number of M. persicae and R. padi individuals
recorded at the end of the experiment (Table 6).
Additionally,
extracts
contained
higher
concentrations of the phenolic acids caused an
increase in efficacy towards studied aphids. The
highest effectiveness of the tested mixtures against
peach-potato aphid was shown after application of
0.2% phenolic acids from J. regia (approximately
74%), followed by 0.2% extracts from M. piperita,
S. nigra and H. perforatum with efficacy of 70%,
53% and 49%, respectively. Generally, the tested
phenolics showed stronger activity towards R. padi
than M. persicae. Treatments of the bird cherry-oat
aphid with all tested extracts at concentration 0.2%
resulted in efficacy above 70%, and in the case of the
extracts from J. regia and M. piperita the efficacy
even reached 80.6% and 88.54%, respectively.

day after application of 0.2% phenolic acid mixtures
from J. regia and S. nigra. Moreover, all plant
extracts at a higher concentration caused a
significant decrease in production of larvae by
apterous females. The most active were phenolic
acids from J. regia and M. piperita that limited daily
fecundity by about 1.6 offspring comparing to the
control. The peach-potato aphid submitted to a
higher concentration of phenolic acids also showed
significant reduction in values of the intrinsic rate of
natural increase, and similarly the strongest
reduction was observed after application of the
extract from J. regia followed by extracts from M.
piperita, S. nigra and H. perforatum.
In tests concerning the bird cherry-oat aphid
development, application of phenolic acid extracts
from all tested plants at concentration 0.2% and
phenolics from J. regia at concentration 0.05%
significantly prolonged prereproductive period
(Table 5). Among tested extracts, the most active
were phenolic acids from J. regia and M. piperita,
where values of PRP were prolonged by 1.9 and 1.1
day, respectively. It was also found that all phenolic
acid mixtures, with the exception of H. perforatum
at 0.05% concentration, significantly decreased daily
fecundity of R. padi females. During the experiment,
unsprayed aphids produced 5.2 larvae per day.

TABLE 4
Effect of phenolic acid mixtures extracted from tested plants on population parameters of M. persicae.
Treatment
H. perforatum
J. regia
M. piperita
S. nigra

Conc. (%)
0.05
0.2
0.05
0.2
0.05
0.2
0.05
0.2

Control
H (8, 90)
P

PRP
7.34 ± 0.34 ab
7.54 ± 0.42 ab
7.27 ± 0.27 ab
7.71 ± 0.30 a
7.31 ± 0.48 ab
7.34 ± 0.31 ab
7.41 ± 0.32 ab
7.70 ± 0.27 a
7.15 ± 0.40 b
20.15
0.0098

DF
2.27 ± 0.73 a
1.33 ± 0.50 bc
1.84 ± 0.64 ab
0.86 ± 0.47 c
1.83 ± 0.65 ab
0.97 ± 0.54 c
2.04 ± 0.65 ab
1.38 ± 0.62 bc
2.54 ± 0.46 a
42.94
< 0.0001

rm
0.28 ± 0.04 a
0.22 ± 0.03 bc
0.26 ± 0.04 ab
0.17 ± 0.05 c
0.26 ± 0.04 ab
0.19 ± 0.05 c
0.26 ± 0.04 ab
0.21 ± 0.06 bc
0.30 ± 0.02 a
45.63
< 0.0001

PRP ± prereproductive period (days); DF ± daily fecundity per female; r m ± intrinsic rate of natural increase.
Means (± SD) within columns followed by the same letter are not significantly different at the P  7XNH\¶V
test).
TABLE 5
Effect of phenolic acid mixtures extracted from tested plants on population parameters of R. padi.
Treatment
H. perforatum
J. regia
M. piperita
S. nigra
Control
H (8, 90)
P

Conc. (%)
0.05
0.2
0.05
0.2
0.05
0.2
0.05
0.2

PRP
5.65 ± 0.46 cd
6.03 ± 0.29 bc
5.98 ± 0.73 bc
7.17 ± 0.52 a
5.51 ± 0.22 cd
6.38 ± 0.44 b
5.37 ± 0.13 d
6.05 ± 0.42 bc
5.25 ± 0.25 d
54.92
< 0.0001

DF
4.46 ± 1.06 ab
2.40 ± 1.02 cd
2.64 ± 1.07 cd
1.02 ± 0.50 e
3.35 ± 0.94 bc
1.70 ± 0.61 de
3.96 ± 0.95 b
2.08 ± 0.73 de
5.23 ± 0.90 a
63.27
< 0.0001

rm
0.42 ± 0.04 ab
0.32 ± 0.06 d
0.33 ± 0.05 cd
0.19 ± 0.05 e
0.39 ± 0.04 bc
0.27 ± 0.06 d
0.42 ± 0.04 ab
0.30 ± 0.05 d
0.46 ± 0.03 a
69.58
< 0.0001

PRP ± prereproductive period (days); DF ± daily fecundity per female; r m ± intrinsic rate of natural increase.
Means (± SD) within columns followed by the same letter are not significantly different at the P  7XNH\¶V
test).
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TABLE 6
Biological efficacy of phenolic acid extracts from tested plants against peach-potato aphid and bird
cherry-oat aphid.
Treatment
H. perforatum
J. regia
M. piperita
S. nigra
Control
H (8, 90)
P
a

Conc.
(%)
0.05
0.2
0.05
0.2
0.05
0.2
0.05
0.2

M. persicae
Number of aphids a
72.0 ± 29.2 ab
42.4 ± 18.7 cde
56.8 ± 22.6 abcd
21.5 ± 9.3 e
54.1 ± 22.9 bcd
25.1 ± 12.4 e
69.3 ± 24.6 abc
39.2 ± 20.9 de
83.9 ± 13.4 a
47.99
< 0.0001

Efficacy (%)
14.18
49.46
32.30
74.37
35.52
70.08
17.40
53.27
-

Efficacy (%)
38.03
71.76
63.89
88.54
52.49
80.60
43.46
76.88
-

± number of aphids on plant (mean ± SD) at the end of the experiment.

Obtained results also revealed that phenolic
acid extracts from the studied plants negatively
affected the development of peach-potato aphid and
bird cherry-oat aphid. Their influence was
demonstrated by prolongation of the prereproductive
period, a reduction in daily fecundity and a decrease
in the intrinsic rate of natural increase. The results of
our previous study [12] have shown that phenolic
acids fraction obtained from Ribes nigrum L.,
Prunus cerasus L., and J. regia limited development
of grain aphid on winter wheat. Reports of other
authors also confirm bioactivity of plant extracts
containing phenolic compounds. Wiesner et al. [31]
observed significant reduction in the number of
mustard aphid (Lipaphis erysimi Kalt.) on Brassica
juncea L. after application plant extracts rich in
phenolic acids. Moreover, Tomczyk and Suszko [32]
demonstrated that negative effect of Salvia
officinalis L. extract on mortality and fecundity
spider mite (Tetranychus urticae Koch) was strictly
connected with a high concentration of phenolic
compounds in the tested mixture. Plant phenolics are
well-known as allelochemicals that are highly toxic
to aphids. They negatively influence the aphid
feeding behavior, inhibit activity of numerous
enzymes, reduce food uptake, and as a consequence
prolong growth and development at both individual
and population scale [33]. Earlier research by
Leszczynski et al. [34] showed that application of
phenolic acids can affect feeding and development
of the bird cherry-oat aphid. Caffeic, ferulic and
chlorogenic acids at a concentration of 62.5 mg L-1
inhibited the feeding of R. padi on winter wheat.
Such phenolic acids as tannic acid and chlorogenic
acid were also detrimental to S. graminum growth.
Almost none of the progeny survived when these
compounds were included in the artificial diet and
the number of progeny was drastically reduced.
The aphidicidal properties of tested phenolic
acid extracts significantly varied, depending to the
plant species and generally increased with higher
extract concentration. The highest efficacy was
observed after application phenolics from J. regia,

DISCUSSION
Aphids accept plants as a hosts only when they
use it as a source of food. Therefore, the number of
aphids that settle and feed on a leaves treated with a
given extracts is a good indicator of its suitability
[26]. The current study demonstrated that
application of phenolic acid extracts obtained from
J. regia, M. piperita, S. nigra and H. perforatum
inhibited peach-potato aphid and bird cherry-oat
aphid settling on the treated leaves. Such effect can
be related to biological activity of phenolic acids
present in the extracts. Urbanska et al. [27], using the
electrical penetration graph (EPG) technique,
demonstrated that the grain aphid avoided feeding on
diets containing phenolic acids, that manifested itself
a strong reduction in probing activity, especially in
case of gallic, caffeic and chlorogenic acids. The
studied phenolic acid extracts showed different level
of deterrent activity toward M. persicae and R. padi,
depending on the plant species and applied
concentrations. Among the studied extracts, the most
active was the mixture of phenolic acids obtained
from J. regia and M. piperita, since after their
applications at the highest concentrations their
deterrence index ranged between 34.8 and 42.5%.
However, the observed deterrent effect should be
considered as relatively weak, since several authors
revealed much greater effectiveness of plant extracts
in choice bioassays. Chermenskaya et al. [28], in
tests towards Schizaphis graminum (Rond.), showed
deterrent activity of ethanolic extracts of several
Kyrgyzstan plants greater than 80%. According to
Castillo et al. [29], a good anti-settling activity in
tests concerning aphids is achieved only when
settling inhibition effect on treated leaves is higher
than 70%. Relatively low deterrent activity of some
extracts in the present experiment may be explained
by complex aphids behavior during host-plant
selection that involve several chemical and physical
cues. Thus, the stimuli causing rejection of the plant
by aphids may become relevant at a later steps in the
process [30].



R. padi
Number of aphids a
96.8 ± 24.7 b
44.1 ± 22.1 de
56.4 ± 21.7 cd
17.9 ± 7.9 e
74.2 ± 18.5 bc
30.3 ± 11.3 de
88.3 ± 21.0 b
36.1 ± 12.1 de
156.2 ± 27.2 a
70.78
< 0.0001
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followed by extracts from M. piperita, S. nigra and
H. perforatum. Their action on M. persicae and R
padi aphids can be attributed to the active
metabolites obtained from these donor plants and
suggest synergistic effect of all phenolic acids
present in the tested mixtures. The phenomenon of
additive impact is often crucial to bioactivity of
plant-derived products. Rattan [35] described that a
mixture of secondary metabolites may be a deterrent
to insects for a longer period than single compounds.
Furthermore, substantial amounts of individual
phenolic compounds in mixtures could increase
insect susceptibility more than single compound at
higher concentration. According to Wang et al. [10],
the applied concentrations towards insects could be
lowered, if only active compounds are used.
Extractions of plant material with appropriate
solvents very often concentrate the allelochemicals
and make their potency readily detectable by pests
[36].
A comparison of the aphidicidal activity of
extracts revealed that bird cherry-oat aphid was more
sensitive to applied phenolic acid mixtures than
peach-potato aphid. The differences in response
between the studied pests may be a result of their
different adaptations to herbivory. Specialists
generally show a greater sensitivity and react at a
lower concentrations than generalists, whereas
generalists base their decision making on a much
larger number of plant characteristics than the
specialists [37]. The peach-potato aphid, as a typical
generalist, is able to ingest a variety of plant food,
and it is therefore expected to exhibit greater
tolerance or even resistance toward plant
allelochemicals. This trait, however, would not be
expected for grass specialist such as R. padi, which
is adapted to withstand secondary metabolites from
lower number of plants. Moreover, polyphagous
insects possess an efficient detoxication mechanisms
that participate in neutralization of different group of
xenobiotics [38]. Such adaptations to polyphagy
may explain relatively low efficacy of the phenolic
acid extracts towards M. persicae.
We have concluded that phenolic acids
mixtures extracted from J. regia, M. piperita, S.
nigra and H. perforatum showed an insecticidal
activity against the peach-potato aphid and bird
cherry-oat aphid. Among the plant extracts, the most
active were phenolic acids obtained from J. regia
and M. piperita. Both extracts not only significantly
reduced the number of aphids on plants, but also
limited initial infestation in choice tests. However,
further studies are required to determine whether the
treatment with phenolic acid extracts provide similar
results on field populations of the aphids.
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ORIBATID MITES AND THEIR ASSOCIATED FUNGI FROM
ERCIYES MOUNTAIN, TURKEY
Vedat Basturk, Ayse Toluk*
Department of Biology, Erciyes University, 38039, Kayseri, Turkey

tissues of higher plants, bacteria, fungi and algae,
all kinds of plants, tissues of live animals and dead
animals [1-3].
Oribatid mites play a significant role in the
decomposition of plant litter, nutrient recycling, soil
formation and the distribution of fungal spores
within the soil [4]. Microorganisms, when working
with mites, decompose organic materials five times
faster than when they work alone [5]. The most

ABSTRACT
The relationship between oribatid mites and
their mycoflora was examined, based on material
collected from Erciyes Mountain during 2013 and
2014. Ten oribatid mite species were determined in
the research area. From these, Hoplophthiracarus
illinoisensis
(Ewing,
1909),
Chamobates
(Chamobates) subglobulus (Oudemans, 1902) and
Nothrus borussicus Sellnick, 1928 are new to
Turkish Fauna, Pilogalumna crassiclava (Berlese,
1914), Aleurodamaeus (Aleurodamaeus) setosus
(Berlese, 1883), Scutovertex sculptus Michael,
1879,
Liacarus
(Liacarus)
brevilamellatus
0LKHOþLþ , Punctoribates (Punctoribates)
punctum (Koch, 1839), Eupelops tardus (Koch,
1835) and Oribatula (Oribatula) interrupta
(Willmann, 1939) have previously been reported in
Turkey. Twenty-four microfungi taxa were isolated
from the inner and outer surfaces of the examined
oribatid mites. These taxa are Absidia
cylindrospora,
Acremonium
cerealis,
A.
sclerotigenum, A. sp.1, A. sp.2, A. strictum,
Beauveria alba, B. bassiana, Mortierella alliacea,
Mucor hiemalis f. hiemalis, Paecilomyces
farinosus, P. sp.,Penicillium albo-aurantium, P.
charlesii , P. decumbens, P. diversum, P.
expansum, P. frequentans, P. roqueforti, P. steckii,
P. citrinum, P. jensenii, Ulocladium consortiale and
Verticillium tenarum. The findings of the present
study refer to the potential of oribatid mites to
disperse fungal taxa in soil and indicate that the
setae and the covers in the body parts of the mites
may be an important factor for fungal transport and
hosting.

important ecological role of soil living fungi is
the decomposition of various organic
materials, from simple sugars and amino acids
such as lignin, to the most resistant polymers,
such as complex soil humic acids. In this
context, the symbiotic relationships of fungi with
most mites and other arthropods are important in
various ways. Many mites rely on fungi for
nutrients, and fungi benefit from them with regard
to spore dispersal, habitat provision, or nutrient
resources [6]. Such relationships appears as the
transport of some fungi by arthropods, some mite
secretions being helpful in fungal development [7]
and the entomopathogenic fungi being among the
natural enemies of mites [8].
Accordingly, there are a limited number of
studies on the relationship between these mites with
economic value and various groups of organisms
[9-11]. The aim of this study is to contribution to
the knowledge of oribatid mites as potential vectors
for soil microfungi.

MATERIALS AND METHODS
A total of 69 random samples were collected
from various habitats in Erciyes Mountain in 2013
and 2014. The study material included soil, litter,
algae and lichen samples. Each of the collected
samples was placed in separate nylon bags and
labeled. The location, date and habitat features of
the mite samples were written on the labels. Every
sample brought to the laboratory was put into
Berlese funnels, and kept under the light for a
week. Oribatid mites were separated under a
dissecting microscope and identified to species
level. Scanning electron microscope (SEM)
examinations were made. The identified oribatid

KEYWORDS:
Oribatid mites-fungus association, new records, Erciyes
Mountain, Turkey

INTRODUCTION
Oribatid mites are one of the most rich and
biologically diverse groups among soil dwelling
arthropods. It is known that feeding and habitat
diversity are affected by the biological richness of
these mites. The food of oribatid mites includes
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fungal flora was obtained through a short shaking
process and 0.5 ml was taken, using a micropipette,
which was inoculated into 9cmdiameter Petri dishes
containing Peptone-Dextrose Agar medium. The
medium was shakento homogeneously distribute
the spore suspension into the medium. The field
codes, isolation type (body surface or intra-body)
and number of inoculations were written on the
Petri dishes, and the dishes were labeled.
The inoculated Petri dishes were covered with
parafilm and incubated at 25°C for one week, under
anaerobic conditions. Those that were different
from the growing colonies were purified using
passages, so that pure cultures were obtained. To
identify the pure cultures, a three-point inoculation
was made into Petri dishes containing various agars
and then the dishes were incubated. Then, the
identification of fungi was made on the colonies
with completed growth.

mite samples were placed in storage bottles,
labeled, and added to the mite collection.
The oribatid mites were initially placed in
1.5ml Eppendorf tubes containing sterile
physiological saline for the isolation of the fungi on
their body surface. Following five minutes of highspeed shaking in a vortex mixer, the fungal spores
on the body surfaces were transferred to the water.
Using a micropipette, 0.5 ml of this spore
suspension was taken, and inoculated into
9cmdiameter Petri dishes containing PeptoneDextrose Agar medium.
For the determination of the intra-body fungal
flora, the mites were kept in 95% ethyl alcohol for
five minutes to disinfect the surface and then
flushed with sterile purified water to clear the
alcohol residues. The mites were then crushed,
using a loop tip that was sterilized; one ml of sterile
physiological saline solution was added to this
extract. A spore suspension containing intra-body

FIGURES 1±6
1) Hoplophthiracarus illinoisensis (Ewing, 1909), 2) Nothrus borussicus Sellnick, 1928, 3) Aleurodamaeus
(A.) setosus (Berlese, 1883), 4) Liacarus (L.) brevilamellatus Mihelcic, 1955, 5) Scutovertex sculptus Michael,
1879, 6) Eupelops tardus (Koch, 1835)
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(4) Liacarus (Liacarus) brevilamellatus
(Mihelcic, 1955) (Figure 4). Material examined:
Kayseri: Erciyes Mountain, three specimens from
grassy soil, 16.XII.2013, five specimens from soil,
23.III.2014
Distribution: South Palearctic region [12].
This species has been previously recorded from
Erzurum province in Turkey [14].

RESULTS
The mites identified from the research field.
Ten oribatid mite species were identified from the
research field (Table 1). These are given below
with their SEM photos and distributions.
(1) Hoplophthiracarus illinoisensis (Ewing,
1909) (Figure 1). Material examined: Kayseri:
Erciyes Mountain, three specimens from soil and
five specimens from lichen on rock, 16.XII.2013.
Distribution: Cosmopolitan [12]. This species
is recorded for the first time from Turkey.

(5) Scutovertex sculptus (Michael, 1879)
(Figure 5). Material examined: Kayseri: Erciyes
Mountain, five specimens from litter under Pinus
sp., three specimens from soil, three specimens
from grassy soil, 16.XII.2013; one specimen from
soil and litter under Pinus sp. and Juniperus sp. and
four specimens from soil and litter, 19.V.2014.
Distribution: Palearctic region and New
Zealand [12]. This species has been recorded from
Kayseri province in Turkey [15].

(2) Nothrus borussicus (Sellnick, 1928)
(Figure 2). Material examined: Kayseri: Erciyes
Mountain, one specimen from grassy soil and three
specimens from moss on soil, 23.III.2014.
Distribution: Holoarctic region [12]. This
species is recorded for the first time from Turkey.

(6) Eupelops tardus (Koch, 1835) (Figure 6).
Material examined: Kayseri: Erciyes Mountain,
thirteen specimens from grassy soil, four specimens
from litter under bushes, seventeen specimens from
soil, seven specimens from under Pinus sp.,
23.III.2014; two specimens from moss and litter on
rock and three specimens from soil and litter under
Pinus sp., 19.V.2014.
Distribution: East Palearctic region [12]. This
species has been previously recorded from Yozgat
province in Turkey [16].

(3) Aleurodamaeus (Aleurodamaeus) setosus
(Berlese, 1883) (Figure 3). Material examined:
Kayseri: Erciyes Mountain, seven specimens from
soil and four specimens from grassy soil,
19.V.2014.
Distribution: South Palearctic region [12].
This species has been previously recorded from
Kayseri province in Turkey [13].

FIGURES 7±10
7) Chamobates (Chamobates) subglobulus (Oudemans, 1902), 8) Punctoribates (P.)
punctum (Koch, 1839), 9) Oribatula (O.) interrupta (Willmann, 1939),
10) Pilogalumna crassiclava (Berlese, 1914).
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(7) Chamobates (Chamobates) subglobulus
(Oudemans, 1902) (Figure 7). Material examined:
Kayseri: Erciyes Mountain, one specimen from soil
and litter under Crataegus sp. 19.V.2014.
Distribution: Palearctic region [12]. This
species is recorded for the first time from Turkey.

Kayseri: Erciyes Mountain, fifteen specimens from
litter under bushes, twenty specimens from soil and
three specimens from grassy soil, 16.XII.2013.
Distribution: Holoarctic region. [12]. This
species has been previously recorded in the Hatay
province of Turkey [18].

(8) Punctoribates (Punctoribates) punctum
(Koch, 1839) (Figure 8). Material examined:
Kayseri: Erciyes Mountain, one specimen from
litter under Pinus sp., 16.XII.2013.
Distribution: Semi-cosmopolitan [12]. This
species has been previously recorded in Turkey
[17].

(10) Pilogalumna crassiclava (Berlese, 1914)
(Figure 10). Material examined: Kayseri: Erciyes
Mountain, five specimens from litter under bushes,
eight specimens from litter under Pinus sp., two
specimens from soil and one specimen from grassy
soil, 16.XII.2013; five specimens from soil,
23.III.2014.
Distribution: Palearctic region [12]. This
species has been previously recorded from the
Ankara province in Turkey [19].

(9)
Oribatula
(Oribatula)
interrupta
(Willmann, 1939) (Figure 9). Material examined:

TABLE 1
Structural characteristics of oribatid mites identified from the research field and the fungal species
isolated from them. BS, body surface; GT, gastrointestinal tract.
Oribatid mite species

Hoplophthiracarus illinoisensis
(Ewing, 1909)

Nothrus borussicus
(Sellnick, 1928)

Aleurodamaeus (A.) setosus
(Berlese, 1883)

Liacarus (L.) brevilamellatus
(Mihelcic, 1955)
Scutovertex sculptus
(Michael, 1879)
Eupelops tardus (Koch, 1835)
Chamobates (C.) subglobulus
(Oudemans, 1902)
Punctoribates (P.) punctum
(Koch, 1839)
Oribatula (O.) interrupta
(Willmann, 1939)

Pilogalumna crassiclava
(Berlese, 1914)

Fungal species

Body parts of oribatid
mites that the fungi is
isolated

Penicillium alboaurantium
Penicillium diversum
Penicillium expansum
Ulocladium consortiale
Absidia cylindrospora
Mortierella alliacea
Penicilllium jensenii
Penicillium roqueforti
Paecilomyces sp.
Acremonium sclerotigenum
Acremonium sp. 1
Acremonium sp. 2
Beauveria bassiana
Penicillium decumbens
Penicillium steckii
Verticillium tenarum
Penicillium decumbens
Penicillium steckii
Penicilllium citrinum
Penicillium frequentans
Penicillium steckii
Beauveria alba
Penicillium charlesii
Penicillium roqueforti
Penicillium charlesii
Penicillium decumbens

Body surface patterns and setal
morphology of oribatid mites

BS and GT
BS and GT
BS and GT
BS
BS
BS
BS
BS
BS
BS
BS
BS
BS
GT
BS and GT
BS
BS and GT
BS and GT
BS
BS
GT
BS
BS
BS
BS
GT

Penicillium charlesii

BS and GT

Acremonium cerealis
Acremonium strictum
Beauveria bassiana
Mucor hiemalis f. Hiemalis
Penicillium expansum
Paecilomyces farinosus
Penicillium charlesii
Penicillium decumbens
Penicillium expansum

GT
BS
BS
BS
GT
BS and GT
BS
BS and GT
BS
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Body surface spotted, setae long

Body surface with cerotegument
and prominently granular; leg and
body setae thickened and strong.

Body surface polygonal with
reticular and granular
cerotegument; number of setae
reduced and it is located at the end
of the body.
Body surface smooth, and setae
short.
Body surface with cerotegument
and granular, setae short.
Body surface granular, covered
with irregular patterns of
cerotegument; setae strong.
Body surface smooth; setae short.
Body surface smooth; setae short.

Body surface smooth; setae short.

Body surface smooth, without
setae, representing alveoli.
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FIGURE 11
Distribution by genera of fungi species isolated from the oribatid
mites.

Paecilomyces farinosus of the genus Paecilomyces
was isolated from the body surface and
gastrointestinal tract, Paecilomyces sp. was isolated
only from the body surface, four of fourteen species
of the genus Penicillum were isolated only from the
body surface whereas the others were isolated both
from the body surface and the gastrointestinal tract
(Table 1). It is also understood from this, the
species of the genus Penicillum is preferred as food,
whereas the others use mites as a means to spore
dispersal or a host for pathogenicity. Penicillium is
one of the economically important genera of fungi.
It is used for flavoring and as an aromatizer in
antibiotics in pharmaceutical industry and in
cheeses in the food industry [21]. Furthermore, it is
significant for infecting stored products with
mycotoxin [22].
Of the eight fungal species isolated from the
gastrointestinal tract of oribatid mites, six belong to
the genus Penicillium (P. decumbens, P. steckii, P.
albo-aurantium, P. diversum, P. expansum, P.
charlesii), one belongs to the genus Paecilomyces
(P. farinosus) and other one belongs to the genus
Acremonium (A. ceralis). This suggests that these
species, isolated from the gastrointestinal tract, may
be consumed as food. Due to the scarcity of studies
specific to the fungal species relating to the feeding
of oribatid mites, it seems that evaluation of the
mite-fungus relationship at the species level might
not be sufficient for now. Nevertheless, it is known
that fungi are an important food source for oribatid
mites in the general feeding pattern classification
[23].
Yalcin et al. [24] isolated the fungal species
Beauveria
bassiana,
Chrysosporium
sp.,

Fungi Isolated from Oribatid Mites. A total
of 24 fungal species of ten oribatid mite species,
from body surface and intra-body were identified
(Table 1). As is seen in Table 1, these fungal
species belong to the genera of Penicillium,
Acremonium,
Paecilomyces,
Beauveria,
Ulocladium, Verticillium, Absidia, Mortierella and
Mucor. The distribution of the identified species by
genera is presented in Figure 11. The genus
Penicillium represents the highest number of
species (10 species). This is followed by
Acremonium (5 species), Paecilomyces and
Beauveria (2 species each) and one species each for
the
remaining
five
genera
(Ulocladium,
Verticillium, Absidia, Mortierella and Mucor).

DISCUSSION
All oribatid mite species reported here are
well recognizable [13, 19, 20]. It was preferred the
most abundant and with large-bodied in the field of
research to determine the oribatid mite- fungi
association.
Mites and fungi often share habitats and
resources and thus interact within communities. A
total of 24 taxa of fungi were isolated in association
with the oribatid mites. These fungi isolated from
inner and outer surfaces of oribatid mites. The
genera Absidia, Beauveria, Mortierella, Mucor,
Uloclodium and Verticillum were isolated only
from the body surface, Acremonium cerealis from
the five species of the genus Acremonium, was
isolated from the gastrointestinal tract, whereas the
others were isolated from the body surface,
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[3] Evans, G.O. (1992). Principles of Acarology. C.
A. B. International, the University Press,
Cambridge, 563 pp.
[4] Niedbala, W. (1981). Deux nouveaux
Phthiracaridae de Turquie (Acari, Oribatida).
Pol. Pis. Entomol., 51: 501±510.
[5] Ghilarov, 06   ³2Q WKH ,QWHUUHODWLRQV
between Soil Dwelling Invertebrates and Soil
Micro-organisms, pp. 255±´ In: Soil
Organisms (Eds. J. Doeksen and J. Van der
Drift). North Holland Publication Company,
Amsterdam, 453 pp.
[6] Hofstetter, R.W. and Moser, J.C. (2014). The
Role of mites in insect-fungus Associations.
Ann. Rev. Entomol., 59: 537-557.
[7] Genc, H. and Ozar, A.I.   ø]PLU LOLQGH
ambarlanmis ürünlerde bulunan akarlar üzerine
ön calismalar. Türkiye Bitki Koruma Dergisi,
3: 175±183.
[8] Davidson, G. Phelps, K. Sunderland, K.D. Pell,
J.K. Ball, B.V. Shaw, K.E. and Chandler, D.
(2003). Study of temperature growth
interactions of entomopathogenic fungi with
potential for control of Varroa destructor
(Acari: Mesostigmata) using a nonlinear model
of poikilotherm development. J.
Appl.
Microbiol., 94: 816-825.
[9] Weigmann, G. (2013). Ecology and
biogeography of oribatid mites (Acari:
Oribatida) from the coastal region of Portugal.
Soil Organisms, 85 (3): 147±160.
[10] Skubala, P. and Kafel, A. (2004). Oribatid mite
communities and metal bioaccumulation in
oribatid species (Acari, Oribatida) along the
heavy metal gradient in forest ecosystems.
Environ. Pollut., 132: 51-60.
[11] Arroyo, J. and Iturrondobeitia, J.C.
(2006). Differences in the diversity of oribatid
mite communities in forests and agrosystems
lands. Eur. J. Soil Biol. 42: 259±269.
[12] Subias, L.S. (2004). Listado sistematico,
sinonimico y biogeografico de los acaros
oribatidos (Acariformes, Oribatida) del mundo
(1758-2002). Graellsia, 60 (num. Extr.): 3-305.
Available
from:
http://escalera.
bio.ucm.es/usuarios/bba/cont/docs/RO_1.pdf
[13] Seniczak, S. Ayyildiz, N. Seniczak, A. (2012).
Setal losses in the dorsal hysterosoma of
Plateremaeoidea (Acari: Oribatida) in the light
of ontogenetic studies. J. Nat. Hist., 46(7-8):
411-458.
[14] Akman, N. (2015). Erzurum Ili Gustavioid
Akar Turleri (Acari, Oribatida, Gustavioidea)
Uzerine Sistematik Arastirmalar. Erciyes
Universitesi, Fen Bilimleri Enstitusu, Yuksek
Lisans Tezi, 35 pp (In Turkish).
[15] Per, S. (2003). Erciyes DagL¶QLQ (SLILWik
Oribatid
Akarlari
Uzerine
Sistematik
Arastirmalar. Erciyes Universitesi, Fen

Clonostachys rosea (Gliocladium roseum),
Fusarium sp., Paecilomyces farinosus, Penicillium
expansum and Penicillium steckii from some
oribatid mites. Likewise, Beauveria bassiana,
Paecilomyces farinosus, Penicillium expansum and
Penicillium steckii from these species were isolated
in the present study. It is known that Galumna sp. is
a host for Beauveria bassiana, which is a
pathogenic fungus [25]. From the genus Beauveria,
B. alba was isolated from Eupelops tardus and B.
bassiana was isolated from the taxa Oribatula
interrupta and Aleurodamaeus (A.) setosus (Chart
1). Beauveria bassiana is known as the pathogen of
tarsonemid mites, Paecilomyces eriophytis as the
pathogen of eriophyid mites, P. terricola as the
pathogen of tetranychid mites, and Verticillium
lecani as the pathogen of Eriophyidae,
Tetranychidae and Oribatida [26]. These findings,
in consistency with the studies of the former
researchers, support that some species of the genus
Beauveria may be a pathogen of oribatid mites.
From the oribatid mites identified, Nothrus
borussicus,
Aleurodamaeus
(A.)
setosus,
Scutovertex sculptus and Eupelops tardus have
granular body surface with cerotegument. Fungi
were isolated from the body surface on all of these
species. Fungi were isolated both from the body
surface and the gastrointestinal tract of other
oribatid mites with smooth body surfaces and short
setae
or
represented
only
by
alveoli.
Aleurodamaeus (A.) setosus contained the highest
number (7) of the fungi identified, which was
followed by Nothrus borussicus and Oribatula (O.)
interrupta (5) (Table 1).
The findings of this study are consistent with
the opinion that oribatid mites are potential
organisms for the distribution of fungal taxa within
the soil [27], and the setae and the covers in the
body parts of the mites may be an important factor
for fungal transport and hosting [28].
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ABSTRACT

kgCO2/GJ and from natural gas 56 kgCO2/GJ. The
world energy consumption will triple, when
consumption of energy of per person in China and
India reach the level of the USA, [1, 2].
Zero emission cycles are clean, safe, durable,
flexible, economic and reliable. Separating from
exhaust gases and storage CO2 give us an
opportunity of using fossil fuels safely without any
harm on the environment. The technology of
removing and storing CO2 is a possible and
economical process. The efficiency of combined
cycles, natural gas combined cycle and integrated
coal gas combined cycle are about 46 %, 58 % and
65 % respectively. Separating or capturing CO 2
process can be realized by the post-combustion, the
pre-combustion or the oxy-fuel (the denitrogenated)
processes [2, 3]. By capturing CO2 in a precombustion process, by decarbonizing the fuel,
combustion happens between hydrogen and oxygen.
A pre-reformer unit is used to convert the fuel to
hydrogen, so that a steam cycle is generated with this
unit.

CO2 emissions that have the greatest negative
impact on the greenhouse and the global warming
that should be decreased or kept at the same rates.
Today fossil fuels share 60 % of total electricity
production of the world, which plays an important
role on CO2 emissions. Thermal cogeneration and
zero CO2 emission cycles have potential for reducing
this effect. By taking into consideration the most
applicable and important zero CO2 emission cycles,
a new cycle is designed. Thermodynamic analyses
and optimization of this cycle is studied with
FORTRAN code. The optimization results of this
cycle show that the maximum exergy efficiency of
this new cycle is 64 %, which is 17.6 % higher than
(0,544) the one for the air preheated cogeneration
cycle (APHCC) and 18.7 % higher than (53,9) the
absorption cooling zero CO2 emission cycle
(ACZEC). In the introduced new cycle, steam and
CO2 in the exhaust gases are condensed so that the
condensing energy of them is regained. For that
reason, the heat output and the electrical power of the
introduced cycle is better than the other cogeneration
cycles.

MATERIALS AND METHODS
Separating CO2 by the pre-combustion process
is cheaper, efficient and consumes less energy.
Natural gas combined cycles and coal gas combined
cycles are more advantageous in the pre-combustion
process. In oxy-fuel process, a cryogenic air
separation unit is used to separate oxygen from the
air and combustion happens between oxygen and
fuel. The exhaust gases mainly consist of H2O and
CO2, where H2O is separated from CO2 by
condensation. In post-combustion process CO2 and
N2, in pre-combustion process H2 and CO2 and in
oxy-fuel combustion process O2 and N2 are
separated. In the post-combustion process 3-15 % of
the exhaust gases are CO2 at 100 kPa pressure, in the
pre-combustion process 20-40 % of the exhaust
gases are CO2 at 1000-8000 kPa pressure and in the
oxy-fuel combustion process 75-95 % of the exhaust
gases are CO2 at 100 kPa pressure [4, 5]. In the postcombustion process, efficiency of the cycles
decreases 6-12 % where 2-4 % for compressing CO2,

KEYWORDS:
Zero emission; CO2; cogeneration; exergy; optimization.

INTRODUCTION
It is a widely accepted fact that sustainable
developments can be achieved by keeping the carbon
balances in the atmosphere. If this balance is
disturbed by human activities it causes an increase of
CO2 amount in the atmosphere and therefore it leads
to global warming. As it is well known that an
increase of 1 0C of the atmosphere temperature
means an increase of 20 cm of the sea level and 100
km shift of the climate zone per one century.
According to the world energy report 80 % of the
world energy production are made by fossil fuels, 14
% are from the renewable energies and 6 % from
nuclear energy. The CO2 emission due to coal based
energy production is 95 kgCO2/GJ, from fuel-oil 75
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exchanger. AZEP cycle separate CO2 100 %
approximately and second law efficiency is about 50
%, while the efficiency can be increased by
decreasing CO2 separation rate [10].
Solid oxide fuel cell integrated with a gas
turbine cycle (SOFC+GT) has the maximum
efficiency among all zero emissions cycles. In
SOFC+GT combustion chamber is replaced by a unit
which has a cathode and an anode to separate and
then to capture CO2. SOFC+GT include an after
burner, because the fuel is not completely inverted in
the fuel cell. SOFC+GT electrical efficiency is over
50 % of hydrogen energy and the exhaust gases
temperature are about 900-1100 0C and by using
exhaust heat energy, electrical efficiency can reach
about 70 % (LHV of H2). SOFC+GT cycle is not
realized at large scales (realized 20 MW) but with an
after burner the use of fuel energy has reached about
95 % [7, 11]. Darde et al., present the efficiencies,
power consumption and the last technological
improvements of air separation unit [6].
Chemical looping combustion cycle (CLC),
combustion between air and fuel happens without
direct contact and combustion process is achieved by
reduction reactions and split up into intermediate
oxidation. CLC is a new technology, its electrical
efficiency is about 51 %, and CO2 separating rate is
approximately 100 %. CLC cycle is at improvement
and realization stage [4, 6, 7].
Pre-combustion with an auto thermal reformer
(ATR) cycle is based on the concept of
decarbonization of natural gas where air is blown
into with water is reforming natural gas with a gas
shift reaction that consists of CO2, H2, H2O and N2.
After removing CO2 and H2O, hydrogen and fuel is
reacted in a combustion chamber [7, 11]. Precombustion with a hydrogen membrane reactor
(MSR-H2) cycle has two shift reactors and an
absorption unit for separation of CO2. Hydrogen is
removed from natural gas in a membrane reactor by
using steam. The second law efficiency of MSR-H2
cycle is about 50 %, CO2 separation rate is about 96
%. MSR-H2 cycle is still under consideration at the
stage of improvements and realization [7].
Post combustion with amine absorption
(amine) cycle has the concept that CO2 is separated
from the exhaust gases by absorption using
monoethanol amine. In another unit CO2 is separated
from amine and after that CO2 is compressed for
storage. CO2 separation rate at amine cycle is 90 %
and second law efficiency 48% (LHV). Romeo et al.,
has analyzed amine cycle and found that 7 %
decrease of the total produced energy and decrease 9
% of electricity production [12]. At ion membrane
cycle, ion membrane is made of ceramics which in
that cycle methane is combusted and exhaust gases
are expanded in a gas turbine and some of exhaust
gases heat energy is taken back to CO2 and

3-6 % for steam cycle and 1-2 % to separate CO2 are
used [3, 6]. The CO2 separation costs in the postcombustion process depend on the type of the cycle.
At the pre-combustion process where steam or water
is used, CO2 is separated and then send to the
compression unit. The energy losses in the precombustion process are due to the energy that is used
in the fuel reformer unit, the energy that is used for
the air separation unit and the energy to compress
CO2.
Post-combustion
and
pre-combustion
processes consume energy some of which can be
used to reduce the negative effect of them on the
efficiency. The main disadvantages of the oxy-fuel
cycles are that they consume more energy in the air
separation unit and that the turbines with CO2/H2O
working fluids are still at the stage of improvements.
The efficiency of CO2/H2O turbines is expected to be
about 60-63 % (LHV) with the optimal pressure of
2500-3500 kPa while the air turbines pressure is
about 1500-2000 kPa. In the latest technologies, the
rate of CO2 separation is 85-90 % [1, 2, 7]. However
in the advanced technologies, this rate is close to 100
%. The methods of CO2 separation are usually based
on absorption, cryogenic or membrane methods. In
addition, in some complicated units where physical
or chemical properties of CO2 are used to separate it
from the exhaust gases [4].
Disposing CO2 methods at power plants are
mainly, storage of liquid CO2 with chemical
reactions, adsorption on to coal or mineralization
into carbonate. The discussion about the storage of
liquid (compressed) CO2 methods are focused on
their difficulties. Compression CO2 method
generally by those cycles are used, combined cycles,
oxyfuel, water, Graz, advanced zero emissions
power (AZEP), solid-oxide fuel cell (SOFC)
integrated with a gas turbine, chemical looping
combustion (CLC), auto thermal reformer (ATR),
membrane reactor (MSR-H2), chemical absorption
system (Amine absorption-$0ø1( LRQ-membrane
and absorption cooling cycles [7]. In the oxy-fuel
combined
cycle
(O2/CO2
power
cycleCOOPERATE) instead of air oxygen is entering
combustion chamber and after combustion the
exhaust gases consist of CO2 and H2O. Bolland and
Mathieu in their analyses, the O2/CO2 plant second
law efficiency is found 44.9 % [8]. Gou et al., have
analyzed O2/CO2 power plant cycle and found
second law efficiency 47 % [9]. Iantowski and
Mathieu, in their analyses have found out that the
second law efficiency of the O2/CO2 cycle is over 50
% [5].
Graz cycle is the oxy-fuel combined cycle with
recuperated steam injection and second law
efficiency is found 49 % [7]. Advanced zero
emissions power cycle (AZEP) consist of a mixed
conductive membrane (MCM) that separate O2 from
air, combust of fuel with O2 and works as heat
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pressurized air before cooling in a condenser [7].
Zhang et al., have introduced a new cycle that called
cool clean efficient power (COOLCEP) which uses
OLTXH¿HGQDWXUDO JDV /1* FROGQHVVHQHUJ\LQWKH
oxy-fuel power system to capture CO2 and to
increase the efficiency of the working conditions
[14].
Absorption cooling cycle uses some of the
exhaust heat energy for cryogenic cooling of CO 2.
Staicovici, have found out that second law efficiency
of cycle with absorption cooling is about 54 %.
Natural gas is combusted with oxygen, and exhaust
gas that is composed of CO2 + H2O, expands in a gas
turbine. The heat energy in the gas turbine exhaust
gas is used in a recuperator and absorption cooling
systems that cools H2O and condensate. Some of
CO2 is used as working fluid of the cycle and the rest
is sent for storage [1].
The cycles those separate CO2 with chemical
reaction process by forming new substances (CaCO3
or MgCO3), use the air separation unit to separate O2
and react with CH4 in a combustion chamber.
Exhaust gases then expand in a gas turbine and after
that those gases are sent to a reaction chamber. The
second law efficiency of the cycles those use
chemical reaction process are about 56 %, but CO2 is
forming harmless substances [2, 6, 12]. In storing
and similar methods, CO2 is isolated but not removed
from the nature. However, in the methods based on
chemical reaction process CO2 is transformed into
the environmentally friendly substances such as
CaCO3 or MgCO3 [13].
One of the two biological methods to separate
CO2, is to make forest. In a cold region, 7000-10000
km2 forest is needed to separate its CO2 produced by
a 500 MW/year power plant while 4000-5000 km2 is
needed in a hot region. However, that method causes
an increase in electricity price about 1.4-1.9
USc/kWh. The second biological method is to use
biochemical process for separating CO 2.
Microorganisms (micro algs) those are not harmed
by NOx ve SO2 and use CO2 process exhaust gases
with high concentration CO2. But this method needs
a large amount of water and pollution is another
problem [8].
Efficiencies of zero CO2 emission cycles are
low and not yet competitive with classical power
cycles and they have improving potential with using
as cogeneration. Zero CO2 emission cogeneration
cycles are not studied and analyzed sufficiently in the
literature and are emerging recently. Most of these
cycles are reviewed in this study, specifically oxy
fuel, and Graz cycles are taken into consideration
because these cycles are workable, large scale and
efficient so that a high efficiency and low cost a
novel zero CO2 emission cogeneration cycle is
needed to be developed. The present study addresses
this point. With this study a new cogeneration cycle

is introduced. Separately this cycle is
analyzed, optimized and compared with capable to
compete with zero and non-zero emissions cycles.
A new zero emission cogeneration cycle.
Separating and liquefaction CO2 methods have
different costs depending on the kind of cycle and
CO2 is not totally cleared off. Separating CO 2 by
chemical reaction is the best solution because CO2 is
totally cleared off. However, it is more expensive
than others. In Fig. 1 a recuperated gas turbine
cogeneration cycle without separating or capturing
CO2 is given that optimum second law efficiency of
this cycle is 54,4 %(LHV) and exhaust gases are
released at 127 0C temperature to atmosphere [15].
These cycles are reviewed in this study,
specifically Oxy fuel, Graz and Absorption cooling
zero emission cycles are taken into consideration and
presented in Fig 1-4 . These cycles are efficient,
suitable for large scale power production for
industrial applications and workable comparatively
another zero emission cycles but presently
insufficient.

Water
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 Air

FIGURE 1
Air preheated gas turbine cogeneration cycle
(APHCC).
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Oxy fuel power cycle
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recuperated gas turbine cogeneration cycle.
The new cycle is obtained by adding an air
separation unit to separate oxygen from air, a
compressor to compress CO2 and a heat recovery
steam generator to take the heat energy of the CO2
for liquefaction, into the recuperated gas turbine
cogeneration cycle. The new cycle is applicable for
large scales industrial applications. Working fluid of
the new cycle are carbon dioxide and steam (95,98
% CO2 and 4,02 % H2O). The working fluid is
compressed at compressor and then heat energy is
given at recuperator and that hot working fluid is
reacted with methane and oxygen that is obtained
from air separation unit, in combustion chamber. Hot
exhaust gases expand at a gas turbine that produce
work and after that at the recuperator and heat
exchanger give some of its heat energy to the
working fluid and water. The exhaust gases outlet
temperature of the heat exchanger is 303,15 K. At the
outlet temperature (303,15 K) some of the steam is
condensed so that some of its energy is transferred
into back to the cycle. Some of the exhaust gases
(95,98 % CO2 and 4,02 % H2O) is sent to compressor
to be compressed to 75012,9 kPa pressure. Some of
the heat energy of the compressed exhaust gases at
heat exchanger is given to water to produce steam,
before is sent for storage. In zero CO2 emissions
cycles exhaust gases where steam and CO2 are
condensed so that a new high heat value is needed to
be calculated for methane.
In Table 1 the advantages, disadvantages and
the possibilities of transformation to cogeneration
cycle of the most of the zero emission cycles
efficiencies are compared.
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FIGURE 3
Graz cycle (S version)
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FIGURE 4
Absorption cooling zero CO2 emission cycle
(ACZEC)
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Steam
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4
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J.

T
12

Thermodynamic and optimization model of
the new zero CO2 emission cycle. Zero CO2
emission cycles have different devices where
temperature, pressure and chemical compositions
vary. In combustion chamber, a chemical reaction
occurs at high temperature. The following basic
assumptions have been made for the thermodynamic
analysis of the cycle. The cycles are at steady state
conditions, ideal gas laws are valid for the gases in
the cycles, combustion is stoichiometric without
formation NOx and there is no heat loss at the devices
except combustion chamber where there is a heat
loss of 2 % of the fuel HHV. Kinetic and potential
energy effects are ignored [15]. Reference
temperature and pressure are taken as 298 K and
101.325 kPa, respectively. All the pressure losses in
the system are neglected, and isentropic efficiencies
of the compressor and gas turbine are taken as
Șsc DQGȘst=0.90.

1 %95,98CO2+
%4,02H2O

C2

17

FIGURE 5
The zero CO2 emission recuperated gas turbine
cogeneration cycle.
In this study, a new cogeneration cycle is designed
based on this zero emission cycles and classical
cogeneration cycle to improve the efficiency and the
environmental effect of the cogeneration cycles. The
new cycle is introduced and analyzed in this study,
optimized and compared with a non-zero emission
cycle. Because oxy fuel, and Graz cycles are not
cogeneration cycles and Graz cycle is complicated
and has high cost, there is a real need for a zero CO 2
emission cogeneration cycle.
The new cycle that is suggested in this study is
presented in Fig. 5 and called zero CO2 emission
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TABLE 1
Comparison of zero emission power cycles [1, 2, 3, 4, 5, 7, 8, 11, 16].
Cycle

Efficiency
( K II ) %

Amine

47,9

ATR

46,9

Oxyfuel
CC

47,0

Water
cycle

45,0

Graz

49,0

CLC

51,3

MSR-H2

49,6

AZEP
100%

50,0

AZEP
85%

52,5

SOFC/
GT
Ion
Memb.
Absorp.
cooling

Advantage

Disadvantage

-Possible
cogeneration

Expensive
No
optimum
integration

-for heavy
oil fuels
-Possible
cogeneration
-Possible
large scales
-Possible
cogeneration
-Possible
cogeneration
-Possible
large scales
-Possible
cogeneration
-100 % CO2
separation
-Possible
cogeneration
-Possible
cogeneration
-Low CO2
separation
cost
-Possible
cogeneration
- Efficient
than AZEP
100%
-Possible
cogeneration

Low
Efficiency

56,0
53,9

Efficient
-Possible
cogeneration
-Possible
cogeneration

Electric
Production
cost c$/kWh

-

-

44

7,0

-Physical
- oxy fuel

70

7.2

- Physical
- oxy fuel
- Physical
- oxy fuel

§

§

§

§

46

6.3

35

6.7

45

7,0

39

6.3

51

7.7

-

-

-

-

R&D phase

R&D phase

R&D phase

85%
CO2
separation

Small scale
67,3

CO2
Separation
cost $/tonCO2

CO2
separation
/Technique
Chemical
/Post
combustion
Chemical
/Post
combustion

R&D phase
-

- Physical
- oxy fuel

- Physical
-Post
combustion
- Physical
- oxy fuel

- Physical
-oxy fuel

- Physical
- oxy fuel
- Physical
- oxy fuel
- Physical
- oxy fuel

Specific enthalpies ( h ) and specific entropies ( s )
are calculated for each stream from the equations of
the reference [15] for at reference level (25 0C, 100
kPa). Specific enthalpies ( h ) and specific entropies
( s ) for per mole,

where ܶ is the temperature and ܲ is the pressure.
The mass ݉ሶ, the energy and the exergy ܧሶ , balances
for an open and steady flow system or a module, by
neglecting kinetic and potential energies, can be
written respectively as;

݄ത ൌ ݂ሺܶ ሻ

(1)

σ ݉ሶ ൌ σ ݉ሶ௨௧

(3)

ݏҧ ൌ ݂ሺܶ ǡ ܲ ሻ

(2)

σ ݉ሶ݄ െ σ௨௧ ݉ሶ݄  ܳሶ െ ܹሶ ൌሶ Ͳ

(4)
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்
ሶ
οܧሶ ൌ σప ݉ሶ݁ െ σ௨௧ ݉ሶ݁ െ σ ܳሶሺͳ െ బሻ  σ ܹሶ
்
(5)

The non-linear simplex direct search method is
applied to the new system. In this method specific
heat, enthalpies and entropies are taken as functions
of temperatures so that mathematical model of the
system depending on temperature is obtained. After
that, the mathematical model of the system is
simulated in a computer program written by the
authors in FORTRAN using different modules. In
Table 1 the steps of the iterative optimization are
given depending on the air and mass flow rates, the
compressor pressure rates and the recuperator outlet
temperature (T5) of this cycle.

where ܳሶ is the heat energy, ܹሶ is power, and 0 is the
environment conditions. Specific exergy is given as:

݁ ൌ ݁  ݁

(6)

The physical and chemical exergy is calculated as

݁ ൌ ሺ݄ െ ݄ െ ܶ ሺ ݏെ ݏ ሻሻ

(7)

ത
݁ ൌ ሺσ ݔ ݁ҧ
  ܴ ܶ σ ݔ ݈݊ݔ ሻ

RESULTS AND DISCUSSION
(8)
With thermodynamic and optimization model;
the heat and electrical power outputs, the exergy of
heat output, the first law and the exergy efficiency,
the electric-heat output and the electric-heat exergy
rates are obtained and analyzed. Some of those
analyses are given in Fig. 6 and 7.
In Fig.6 variations of the exergy of the heat
output and the electrical power with compression
rates of the zero CO2 emission recuperated gas
turbine cogeneration cycle are given. As can be seen
in Fig.6 increasing compression rates decreases the
heat output and the exergy of heat output, however,
increases the produced electrical power.
In Fig. 7 variations of the electric-heat output
and the electric-heat exergy rates with compression
rates of the zero CO2 emission recuperated gas
turbine cogeneration cycle are given.

where ݔ is the component fraction and ܴത is the
universal gas constant as kJ/kmolK. Because kinetic
and potential energies are ignored we have,
ܳሶ௩ െ ܹሶ௩  σ ݉ሶ ݄ െ σ௨௧ ݉ሶ௨௧ ݄௨௧ ൌ Ͳ
(9)
To simplify the calculations, methane is taken
as fuel instead of natural gas and stoichiometric
combustion of methane is given as follows [17].
ܪܥସ  ʹܱଶ ՜ ܱܥଶ  ʹܪଶ ܱ

(10)

Condensing CO2 in the cycle requires a new
high heat value calculation of the fuel, which is
performed in this study. Exergetic efficiency of a
cycle can be written as,
ߟ௫ ൌ



ௐሶǡ ାሺாሶభల ାாሶమభ ାாሶఴ ିாሶభఱ ିாሶమబ ሻ
ாሶభయ



(11)
Optimization problem of a thermal system
mainly can be classified as optimum design
problems and working condition problems.
Optimum design problems generally are selection of
processes or equipment items and their
arrangements. Working condition problems are
generally selection size of the equipment and for
overall system and streams are the best temperature,
chemical composition, pressure, and flow rates in the
system. So that to give the best solution to those
questions the optimization problem should be
formulated in an appropriate form [18, 19, 20, 21,
22]. The objective function of the cycle can be
written as,



 






















Compressor pressure rates

FIGURE 6
Variations of the heat output, exergy of heat
output and electrical power with compression
rates of the zero CO2 emission recuperated gas
turbine cogeneration cycle.

(12)
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Electric-heat energy and Electric-heat exergy rates




exergy output rates that is the reason is
increasing compression rates, increase the produced
electrical power.

 




In Table 2, the iterations steps of the zero CO2
cycle are given for the air and mass flow rates. The
compression rates, the recuperator outlet
temperatures (T5) are also given. The optimization
processes of the cycle have been done as shown in
Table 2-3. In Table 2 is found out that the global
maximum exergetic efficiency is about 64 %, while
the optimum exergy efficiency of the APHCC is
reported for constant power (30 MW) and constant
steam mass flow rates (14 kg/s 2000 kPa saturated)
to be 54,4 % in the literature [15]. As can be seen
from the first six iteration steps, increasing
recuperator outlet temperature (regained heat
energy), increase the exergy efficiency effectively.
Increasing the working fluid flow also increases the
exergy efficiency of the cycle.




 










 







Compressor pressure rates

FIGURE 7
Variations of the electric-heat output and
electric-heat rates exergy with compression rates
of the zero CO2 emission recuperated gas
turbine cogeneration cycle.

As can be seen in Fig. 7 increasing compression rates
increase the electric-heat output and electric-heat

TABLE 2
The iterations and the results of the introduced zero CO 2 emission recuperated gas turbine cogeneration
cycle.
Working
fluid
flow
(kg/s)
91.3*
91.3
91.3
91.3
91.3
91.3
95
100
110
115
115
120
125
125
130
135
135
135
135
135
135
135
135

T4
(K)

Exergy
efficiency
of cycle

Electric
power
(kW)

Steam mass
flow (kg/s)

T5
(K)

T3
(K)

1414
1431
1448
1464
1481
1498
1479
1456
1415
1398
1436
1418
1401
1424
1408
1392
1392
1372
1372
1351
1351
1342
1338

0.5797
0.5823
0.5848
0.5863
0.5896
0.5919
0.5988
0.6077
0.6246
0.6326
0.616
0.6235
0.6308
0.6211
0.6282
0.635
0.6275
0.6376
0.6281
0.6391
0.6333
0.638
0.642

29503
29835
30157
30469
30770
31061
31940
33083
35234
36255
37461
38519
39547
40310
41348
42358
41244
40485
39146
38428
37657
37375
37233

20.40
20.28
20.16
20.05
19.93
19.82
19.50
19.08
18.30
17.92
20.52
20.13
19.75
21.38
21.00
20.63
21.04
19.42
19.91
18.28
18.56
17.91
17.57

971
986
1001
1016
1031
1046
1030
1010
975
960
992
977
963
982
968
957
973
957
976
959
970
963
959

850
870
890
910
930
950
950
950
950
950
950
950
950
950
950
950
950
950
950
950
950
950
950

Șsc DQGȘst= 0.90 are taken.
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Fuel
flow
rate
(kg/s)
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.8
1.8
1.8
1.9
1.9
1.9
1.9
1.8
1.8
1.7
1.7
1.66
1.64

Compression
Rate ( r )

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
14
14
12
12
11
11
11
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TABLE 3
Pressures, temperatures, mass and chemical compositions of the flows of the zero CO 2 emission
recuperated gas turbine cogeneration cycle in optimum working conditions.
Flow
Num.

Temp.
K

Pressure
kPa

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

303.15
494.3
950
1338
959
542
303.15
303.15
303.15
303.15
298.15
298.15
298.15
485.57
710.0
303.15
298.15
485.57

101.3
1114.3
1114.3
1005.7
109.9
106.6
101.3
101.3
101.3
101.3
1200
1200
2000
2000
7501.3
7501.3
2000
2000

CO2
(gas)
kg/s
132.72
132.72
132.72
137.22
137.22
137.22
137.22
137.22
4.64
4.64
-

CO2
(Liq.)
kg/s
4.64
-

H2O
(gas)
kg/s
2.28
2.28
2.28
5.96
5.96
5.96
2.5
2.5
0.08
16.46
1.11

H2O
(Liq.)
kg/s
3.46
3.46
16.46
0.08
0.08
1.11
-

O2
kg/s

CH4
kg/s

6.54
-

1.64
-

Total
Flow
kg/s
135.0
135.0
135.0
143.18
143.18
143.18
143.18
3.46
139.72
4.72
1.64
6.542
18.57
18.57
4.72
4.72
1.11
1.11

Total
Exergy
kW
44555
69688
110706
176045
104606
60870
44232
10
44266
1497
25678
37232
84899
808
74
15087
3464
1931
2061
5
1017

TABLE 4
The devices flows, the capacities and the efficiencies at optimum working conditions of the zero CO 2
emission recuperated gas turbine cogeneration cycle.

Device
Compressor1 (C1)
Compressor 2 (C2)
Combustion Chamber
HRSG1
HRSG2
Recuperator (R)

Inlet
Flow
1-11
10-19
3-13-14
6-15
17-20
2-5

Outlet
Flow
2
17
4
7-16
18-21
3-6

Device
Capacity (kW)
25678
2061
170000
17000
1100
75000

Turbine (T)
4
5
70351
Wnet,turbine =WT ±WC1- WC2- Wo2*
37233 (kW)
First law efficiency of the cycle
0,98
Exergy efficiency of the cycle
0,65
*Work used for air separation unit (5312 kW)

0,97

rates decreased as can be seen in the last iteration
steps of the Table 2.
Increasing the recuperator outlet temperature
and the increasing working fluid flow decreases the
heat power (steam mass) of the cycle. In optimum
working conditions the introduced cycle produces
37233 kW electricity and 17.57 kg/s steam and the

But increasing the fuel flow is decreasing the exergy
efficiency. Decreasing the compression ratio
decrease the exergy efficiency, the work consumed
in the compressor and the outlet temperature of the
compressor. For that reason to decrease the
compressor work and to increase the exhaust heat
energy that regained in the recuperator, compression
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Device
Exergy Efficiency
0,97
0,95
0,90
0,90
0,66
0,93
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including Solanaceae and Cucurbitaceae crops; (ii)
the significant crop losses resulting from infection;
and (iii) the difficulty in managing the thrips
vectors [6-8].
Field surveys in recent years indicated that the
incidence and spread of TSWV have gradually
reached high levels in tomato and pepper-producing
areas in Samsun province. The recent TSWV
outbreaks in pepper and tomato plants and the
possibility of new tospovirus infections in
Solanaceae and Cucurbitaceae plants throughout
Samsun have made essential to investigate the
prevalence of TSWV in the other vegetable species
and other tospoviruses infecting Solanaceae and
Cucurbitaceae plants. For this reason, the current
study involves field surveys combined with DASELISA technique to determine tospoviruses in
tomato, pepper, eggplant, cucumber, melon,
watermelon, squash, and pumpkin fields in Samsun
province.

ABSTRACT
Virus diseases are one of the main devastating
factors in vegetable production in Samsun, Turkey.
To determine the incidence and spread of
tospoviruses in different plant species belonging to
Solanaceae and Cucurbitaceae families, surveys
were conducted during 2011-2012 growing seasons.
A total of 985 leaf samples from five locations were
collected and tested for Tomato spotted wilt virus
(TSWV), Tomato chlorotic spot virus (TCSV),
Impatients necrotic spot virus (INSV), and
Watermelon silver mottle virus (WSMoV) using
double-antibody
sandwich
enzyme-linked
immunosorbent assay (DAS-ELISA). TSWV were
only detected in tomato and pepper plants, but the
other tospoviruses, TCSV, INSV and WSMV, were
not found in all samples tested in the present study.
The results of tests showed that the incidences of
TSWV in the samples were 9.91% and 8.09% in
2011 and 2012, respectively.

MATERIALS AND METHODS
KEYWORDS:
Tospoviruses,
Cucurbitaceae

survey,

vegetable,

Solanaceae,

Field sampling. Surveys were carried out in
147 different vegetable-growing areas within the
districts of Samsun where Solanaceous and
Cucurbit plants were extensively grown. Leaves of
tomato, pepper, eggplant, cucumber, melon,
watermelon, squash, and pumpkin plants were
individually inspected. Leaf samples with
symptoms suggestive of tospovirus infection
(Figure 1) and occasionally leaves with no visible
symptom were collected from 147 locations. A total
of
985
Solanaceous
(tomatoSolanum
lycopersicum, pepper- Capsicum annuum, and
eggplant- S. melongena) and Cucurbit (cucumberCucumis sativus, melon- C. melo, watermelonCitrullus lanatus, squash- Cucurbita pepo, and
pumpkin- C. maxima) plants were sampled during
2011 and 2012 growing seasons. Samples were
UDQGRPO\FROOHFWHGLQ³;´ shaped pattern across the
field and three or four leaf samples were taken from
the tips of each plant.

INTRODUCTION
Samsun is one of the main vegetable growing
provinces of Turkey with a production of 1.338.000
tons [1]. An approximately 95% of commercial
vegetable production areas in Samsun province are
located in the Bafra, Carsamba, Terme, Tekkekoy
and Canik districts and nearly 70% of the crops
grown belong to the family Solanaceae and
Cucurbitaceae [1].
In previous studies, several viruses were
determined in Solanaceous and Cucurbit fields in
Samsun, Turkey [2-4]. Tomato spotted wilt
virus (TSWV;
the
genus Tospovirus)
has
determined causing 42.1% and 95.5% reductions in
yield and marketable value of tomato respectively,
and yield loss of approximately $0.9 million in
Samsun [5]. The continuing economic importance
of TSWV is a result of: (i) its worldwide
distribution and wide host range (>1000 plant
species belonging to 85 botanical families),

Enzyme-linked
immunosorbent
assay
(ELISA) testing. Leaf samples were tested for
Tomato spotted wilt virus (TSWV), Tomato
chlorotic spot virus (TCSV), Impatiens necrotic
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were tested for the presence of the viruses by
ELISA.

spot virus (INSV) and Watermelon silver mottle
virus (WSMoV) by double-antibody sandwich
enzyme-linked immunosorbent assay (DASELISA). The antisera and conjugates were
purchased from Loewe Biochemica (Sauerlach,
Germany) (TSWV and TCSV), Bioreba AG
(Reinach, Switzerland) (INSV), and Agdia Inc.,
(Elkhart In., USA) (WSMoV). The samples were
SURFHVVHG DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V
instructions. Leaf samples were ground (1:5) in
extraction buffer (PBS: 0.13 M NaCl, 0.014 M
KH2PO4, 0.08 M Na2HPO4.12H2O, 0.002 M KCl,
pH: 7.4) containing 0.05% Tween-20, 1% skimmed
milk powder and  ȝ/ RI WKH H[WUDFWHG VDPSOHV
were added to antibody-coated microplates and
incubated overnight at 4oC. Microplates were
treated with conjugate and then substrate, each of
them diluted in an appropriate buffer solution and
incubated at 37oC for 4-5 hours. After washing at
the end of each step, absorbance values were read at
405 nm using a microplate reader (Tecan Spectra II,
Grodig/Salzburg, Austria). Virus-free vegetable
plants grown in a plant growth room were used as
negative controls. Samples were considered to be
positive when the absorbance values at 405 nm
values exceeded the mean of the negative controls
by least a factor of three [5].

RESULTS AND DISCUSSION
The number of leaf samples collected from
five main vegetable-growing areas of Samsun
province were 175 for tomato, 220 for pepper, 90
for eggplant, 135 for cucumber, 110 for melon, 195
for watermelon, 35 for squash, and 25 for pumpkin.
The symptom patterns of the collected samples
were recorded and then all samples subjected to
DAS-ELISA. Of the 985 samples assayed, 90
(9.13%) reacted positively in ELISA. Among
tospoviruses,
neither, TCSV, INSV and nor
WSMoV was detected in the tested plants (Table
1), only TSWV infection was detected in pepper
samples collected from Bafra, Carsamba, Tekkekoy
and Canik districts and tomato samples from Bafra,
Carsamba, Tekkekoy and Terme (Table 1).
A level of TSWV infection varied from 1.5 to
11.6% in samples according to districts and the
virus was detected in 30.9% and 16.7% of the
tomatoes and peppers, respectively, The results of
the two year survey showed that the highest
incidence of TSWV occurred at Bafra (11.5%),
followed by Carsamba (9.8%), Tekkekoy (6.3%),
Terme (4.7%), and Canik (1.5%). The outbreak of
the disease in Samsun affected mainly tomato and
pepper crops, from which TSWV was prevalently
identified. Similar rates of TSWV infection in the
province were previously reported for tomatoes
with the percentages of 12.9% [4] and 14.6-18.1%
[10], and for peppers with 9.2% [3]. Similarly, 513
samples were collected by Ghotbi et al. [11] in
2000-02 from fields and glasshouses in Tehran (207
samples) and Markazi (306 samples) provinces in
Iran. In Tehran, TSWV was identified in 16
samples (8%) and TSWV in 40 samples (13%) in
Markazi province, whereas TCSV was not detected
from any of these plant samples. A survey of
tospoviruses present in Bulgaria, neighboring the
north-west region of Turkey, was conducted during
three vegetation periods. A total of 258 different
virus isolates were obtained from tobacco, tomato,
weeds and ornamentals in the open fields and from
glasshouses. Virus isolates were identified by
inoculation to test plants and serology as TSWV.
No
indications
were
obtained
that
other tospovirus species were present in Bulgaria
[12]. Recent studies on its incidence in several host
plants, including vegetable and ornamental crops
throughout the country, revealed that TSWV is
widespread and causes serious diseases in lettuce,
pepper, tomato and tobacco crops in many areas in
Greece [13, 14].

FIGURE 1
Symptom of Tomato spotted wilt virus appearing
on tomato plant in the field
Sap inoculation. Samples which had the
highest absorbance values in ELISA were selected
and used for mechanical virus inoculation to
indicator host plants. Samples were homogenizated
in 0.1 M phosphate buffer (pH: 7.0) including 0.1%
Na2SO3 [9]. Leaf-to-buffer ratio was 1:5 (1 g
infected leaf to 5 ml buffer. The inoculated plants
were maintained in a plant growth room at 24 oC
and monitored daily for symptom expressions.
Then all inoculated plants with or without symptom
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TABLE 1
Occurrence of tospoviruses in vegetable samples collected during surveys in 147 fields selected randomly
in Samsun province.
Districts

Family

Bafra
Solanaceae

Cucurbitaceae

Carsamba
Solanaceae

Cucurbitaceae

Tekkekoy
Solanaceae

Cucurbitaceae

Terme

Solanaceae

Cucurbitaceae
Canik

Solanaceae

Cucurbitaceae

Vegetables
tomato
pepper
eggplant
cucumber
melon
watermelon
squash
pumpkin
tomato
pepper
eggplant
cucumber
melon
watermelon
squash
pumpkin
tomato
pepper
eggplant
cucumber
melon
watermelon
squash
pumpkin
tomato
pepper
eggplant
cucumber
tomato
pepper
eggplant
cucumber
melon
watermelon
squash

Total
* No. of samples tested / infected

TSWV
60/28
95/20
15/0
20/0
80/0
115/0
15/0
15/0
415/48 (11.6%)
60/16
90/14
30/0
60/0
10/0
50/0
5/0
5/0
310/30 (9.7%)
25/6
10/1
20/0
10/0
15/0
20/0
5/0
5/0
110/7 (6.4%)
20/4
15/0
20/0
30/0
85/4 (4.7%)
10/0
10/1
5/0
15/0
5/0
10/0
10/0
65/1 (1.5%)
985/90 (9.1%)

Tospoviruses*
TCSV, INSV, WSMoV
60/0
95/0
15/0
20/0
80/0
115/0
15/0
15/0
415/0 (0%)
60/0
90/0
30/0
60/0
10/0
50/0
5/0
5/0
310/0 (0%)
25/0
10/0
20/0
10/0
15/0
20/0
5/0
5/0
110/0 (0%)
20/0
15/0
20/0
30/0
85/0 (0%)
10/0
10/0
5/0
15/0
5/0
10/0
10/0
65/0 (0%)
985/0 (0%)

Terme district (Table 1). None of the eggplant,
cucumber, cantaloupe, watermelon, pumpkin, and
squash samples collected during surveys reacted
positively against the antiserum of TSWV, whereas
the virus has been previously reported in eggplants
(S. melongena L.) on open fields in Mersin
province and in a greenhouse in Antalya province
(Mediterranean region) of Turkey [15]. In the
present study, although some samples showed
virus-like symptoms, they did not react with any of

TSWV was common in Solanaceous crops in
Samsun province, although their incidence varied
greatly from the district to district within the
province. The infection rate of TSWV in tomato
samples was the greatest in Bafra district (46.7%),
followed by 26.7% in Carsamba, 24.0% in
Tekkekoy, and 20.0% in Terme. In pepper, TSWV
detected in 21.1% of the samples in Bafra, 15.6% in
Carsamba, 10% in Tekkekoy and Canik, but TSWV
was not detected in the tested pepper samples from
5741
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agricultural production in Samsun The impact of
these viruses on crop productivity emphasizes the
need for research and adequate information in order
to develop and implement effective control
strategies.

tospovirus antisera in DAS-ELISA. They were
presumably infected with the other viruses which
were not included in the current study.
Pathogenicity assay was also performed by
inoculating the positive leaf extract onto seedlings
of indicator plants. Systemic mosaic and leaf
deformation on S. lycopersicum L., and C. annuum
L., necrotic local lesions on Nicotiana rustica L.,
and N. tabacum /³;DQWKL-QF´ZHUHREVHUYHGDIWHU
the inoculations with the extracts from TSWVpositive tomato and pepper leaves. These symptoms
were similar to those that were described previously
for this virus [16, 17].
Damage to agricultural crops by TSWV has
occurred sporadically in Samsun in the past;
however, outbreaks of TSWV have been recorded
in tomato and pepper almost every year in the last
decade. Presence and prevalence of the vector
thrips species, magnitude and disposition of virus
inoculum and types of inoculum sources are
important contributing factors to tospovirus
outbreaks [8]. Tospoviruses are transmitted by
several species of thrips in a circulative and
propagative manner [18, 19]. Monitoring the
seasonal abundance and temporal pattern of thrips
species at 10 locations between April and October
in 2003 and 2004 showed that Thrips tabaci
(Lindemann) and Frankliniella intonsa (Tryborn)
are the main thrips species in field and greenhousegrown vegetables in Samsun [10]. However, F.
occidentalis (Pergande) (the western flower thrips),
which is reported to be one of the most efficient
vector species of tospoviruses [20, 21], has been
identified earlier in Samsun province (Dr. I. Akca,
unpublished results).
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species competing for multi limiting resources will
get complex or chaotic dynamics of species
abundance, which will allow the coexistence of
producers [10]. When the nutrient supply is
excessive, SRP will decrease with the nutrients
supply due to the µparadox of enrichment¶ [11].
Ecologists have found a unimodal relationship
between SRP and trophic states in the field lakes,
peaking at some intermediate level in nutrient
concentration [12, 13]. Top-down control mainly
results from the predation of zooplankton [14-16].
Theoretical researches show that the functions of
specialist and generalist predators are different in
maintaining SRP [17-19]. Field investigations show
that Daphnia grazing can enhance phytoplankton
diversity [20]. There are also research studies found
that predators reduced prey species diversity [21].
According to the above analysis, a systematic
analysis on the statistical influence of nutrients and
zooplankton on SRP is still in lack.
In this research, samplings were conducted
seasonally in 12 sample sites in Lake Nansihu. The
concentrations of total nitrogen (TN), total
phosphorus (TP), NH4+-N, biomass of zooplankton
(BZ), density of zooplankton (DZ), species richness
of zooplankton (SRZ) and SRP were measured. The
influence of different factors on SRP is analyzed
through stepwise regressions. Thus the influence of
nutrients and zooplankton on SRP can be obtained
through statistical analysis.

ABSTRACT
Species richness of phytoplankton (SRP) is
influenced by both nutrients competition and
predation in aquatic ecosystems. In this research, in
a recovering lake, the concentration of total nitrogen
(TN), total phosphorus (TP), ammonia nitrogen
(NH4+-N), biomass of zooplankton (BZ), density of
zooplankton (DZ), species richness of zooplankton
(SRZ) and SRP were measured in 12 sampling sites
seasonally. The relationship of SRP with nutrients or
zooplankton is statistically analyzed by stepwise
regressions. Results show that TN, TP, NH4+-N, BZ
and DZ have no influence on SRP at the significance
level of 0.05, SRZ is the sole factor that has
statistically significant influence on SRP (p<0.001).
The adjusted R2 in the linear stepwise regressions
varied from 0.748 to 0.847 in different seasons,
indicting high explaining rates of SRZ on SRP in
mesotrophic aquatic ecosystems. The slopes in
regression equations are ranging from 0.806 to 0.953,
which is the quantitative relationship between SRZ
and SRP. Results in this research will be helpful in
understanding the bottom-up and top-down effects
on SRP and providing guidance for biodiversity
conservation in aquatic ecosystems.

KEYWORDS:
Species richness; phytoplankton; nutrients; zooplankton;
stepwise regression

METHODS
INTRODUCTION
Study
area.
Lake
Nansihu
(ƍ(aƍ(ƍ1aƍ1), located in
Shandong province in China, is the second largest
freshwater lake in north China (Fig. 1). The water
area of the lake is 1266 km2, the capacity is 6.37
billion m3 and the averaged water depth is 1.46 m in
the lake. It is thus categorized as a shallow, open and
plain grassland lake and it is part of the BeijingHangzhou Grand Canal. The climate of the lake is
warm temperate monsoon, the annual average
temperature is 13.7 Ԩ, and that of sunshine

Biodiversity is important in maintaining the
productivity, stability and functions of an ecosystem
[1-3]. However, high levels of biodiversity loss are
occurring due to the global climate change and
eutrophication, as a result, outbreak of algae species
is common in lakes [4-7].
In aquatic ecosystems, species richness of
phytoplankton (SRP) is influenced by both bottomup and top-down control [8, 9]. Bottom-up control
arises from the influence of limiting nutrients on the
growth of phytoplankton [8, 9]. Phytoplankton
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FIGURE 1
Location of Lake Nansihu and sampling sites in the lake
is about 2530 h [22]. The lake has an annual average
rainfall of 550~720 mm.
Lake Nansihu is experiencing from pollution to
restoring process. In the early 1980s, the lake was in
a healthy state. The concentration of TN was about
0.825 mg/L, and that of TP was 0.018 mg/L [23]. The
lake had about 116 genus of phytoplankton
belonging to 46 families and 8 phylum, 249
zooplankton species and 74 fish species [24, 25]. In
2000, the amount of pollution emissions reached the
highest value. Concentration of TN was about 3.7
mg/L, and that of TP was 0.15 mg/L to an average
[23]. In 2002, the lake had only 36 phytoplankton
species and 28 zooplankton species [25]. In 2002, the
east line of the great South-to-North Water Diversion
Project started to implement, which had great
influence on the water quality and ecological
restoration in Lake Nansihu. Now the lake is
mesotrophic and in its recovery state due to
environmental managements and ecological
restoration. There were 77 zooplankton species and
117 phytoplankton species belonging to 59 genera in
the year 2010. Mean concentration of TN in the lake
was 1.01mg/L and that of TP was 0.09 mg/L [26].

by Nessler¶VUHDJHQWVSHFWURSKRWRPHWU\ method and
TP
was
determined
by
Mo-Sb
Antispectrophotometry method.
Phytoplankton samples were taken 0.30 m
under the water surface in each sample site. Samples
ZHUH SUHVHUYHG ZLWK DFLGLILHG /XJRO¶V VROXWLRQ DQG
the individualVZHUHFRXQWHGIRUVSHFLHV!ȝP using
standard method [27]. Flow cytometry technique
was used to count smaller species [28]. Species
richness values were determined by the number of
species appeared in the sample.
Zooplankton samples were taken using a 64μm
mesh size net with a diameter of 12 cm. The samples
were preserved in a formaldehyde solution (4%)
buffered with calcium carbonate before analyses.
The species were identified using specialized
method [29]. From each sample, 0.1mL sample was
examined in a Fuchs-Rosenthal counting chamber
under magnification (400×). The value of SRZ was
determined by the number of species appearing in the
sample and DZ was determined by the number of
individuals divided by the water volume [30]. The
BZ was estimated from biovolume by comparing the
body shape with approximate geometric shapes.

Samplings and measurements. In 2012, we
set 12 sampling sites according to water quality and
ecological restoration state in the lake (see Fig. 1).
Using GPS to determine the positions, we conduct
four times samplings for concentration of TN, TP,
NH4+-N, BZ, DZ, SRZ and SRP in July 2012, April,
September, and November 2013.
Water quality samples were taken from the 12
sites with Tygon tube water sampler between the
times of 10:00 AM and 14:00 PM along the same
route. The samples were then kept in acid-cleaned
glass bottles and stored at 4 Ԩ before analyses.
Samples were filtered through 0.45 ȝP acetate filter
for later analyses of dissolved forms. TN was
measured by potassium persulfate digestion-UV
spectrophotometry method, NH4+-N was determined

Statistical analysis. The influences of TN, TP,
NH4+-N, BZ, DZ and SRZ on SRP are analyzed
using the data collected in spring, summer, autumn
and winter. The statistical relationships between TN,
TP, NH4+-N, BZ, DZ, SRZ and SRP are analyzed
with the method of multiple stepwise regressions.
TN, TP, NH4+-N, BZ, DZ and SRZ are the
independent variables and SRP is the dependent
variable in the statistical analysis. During the
stepwise multiple regression, TN, TP, NH4+-N, BZ,
DZ and SRZ are added to the model one by one using
the t-test (p<0.05) as the comparison criterion for the
regression model. All statistical analyses are
conducted with the software SPSS 17.0.
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TABLE 1
Statistical characters of different factors in the four seasons, these values are expressed as
mean ± SD (min, max)
Variables
Spring
Summer
Autumn
Winter
0.94 ± 0.18
1.98 ± 1.77
1.41 ± 0.53
1.00 ± 0.45
TN(mg/L)
(0.63, 1.23)
(0.56, 5.96)
(0.64, 2.49)
(0.48, 2.19)
0.07 ± 0.03
0.38 ± 0.27
0.13 ± 0.05
0.06 ± 0.05
TP(mg/L)
(0.04, 0.14)
(0.13, 0.89)
(0.07, 0.26)
(0.02, 0.19)
0.13 ± 0.05
0.47 ± 0.16
0.79 ± 0.48
0.52 ± 0.38
+
NH4 -N(mg/L)
(0.09, 0.27)
(0.19, 0.77)
(0.10, 1.86)
(0.04, 1.35)
1.54 ± 0.34
1.48 ± 0.39
1.14 ± 0.26
0.72 ± 0.14
BZ(mg/L)
(0.88, 2.00)
(0.64, 2.15)
(0.66, 1.48)
(0.50, 0.91)
0.45
±
0.11
0.40
±
0.10
0.36
±
0.09
0.28 ± 0.07
DZ(104ind./L)
(0.20, 0.60)
(0.18, 0.54)
(0.16, 0.49)
(0.13, 0.38)
32.8 ± 10.0
32.9 ± 10.0
32.9 ± 10.0
32.9 ± 10.0
SRZ
(15.0, 55.0)
(15.0, 55.0)
(15.0, 55.0)
(15.0, 55.0)
44.4 ± 10.3
47.3 ± 10.4
45.3 ± 9.48
42.3 ± 8.86
SRP
(26.0, 70.0)
(29.0, 74.0)
(25.0, 67.0)
(23.0, 62.0)

especially the values of DZ and SRZ as shown in Fig.
2. The DZ, SRZ and SRP reached their maximum or
minimum values at the same sites. Besides, the
values of DZ and SRZ are highly correlated to each
other (Fig. 2). Results of stepwise regression show
that SRZ is the sole factor that has statistically
significant influence on SRP (p<0.001). The
regression equation between SRZ and SRP is: SRP
=0.953×SRZ+13.125 (F=61.695, p<0.001, Fig. 2D).
The adjusted R2 coefficient is high and it is able to
explain the SRP in 84.7%. SRP is mainly influenced
by top-down control and the function of bottom-up
is not significant in spring.

FIGURE 2
Values of different factors and the linear
relationship between DZ and SRZ, SRZ and SRP
in spring

RESULTS
Influence of different factors on SRP in
spring. We have identified 110 phytoplankton
species and 76 zooplankton species in the lake in
spring. SRP is ranging from 26 to 70, with an average
value of 44.42 and standard deviation of 10.29 as
shown in Table 1. Values of TN, TP, NH4+-N, BZ,
DZ and SRZ for the 12 sample sites are shown in Fig.
2 and their statistical characters are listed in Table 1.
There is no apparent relationship between the
nutrients concentration and SRP as shown in Fig. 2.
The maximum value of SRP appeared at the
maximum concentration of NH4+-N (Fig. 2), in
addition to this there is no apparent relationship
between NH4+-N and SRP in the 12 sampling sites.
Different with nutrients, the variables of zooplankton
changed consistently with SRP to some extent,

FIGURE 3
Values of different factors and the linear
relationship between DZ and SRZ, SRZ and SRP
in summer
Influence of different factors on SRP in
summer. In summer, we have identified 127
phytoplankton species, which is the highest in the
four seasons. SRP is ranging from 29 to 74, with an
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regression equation between SRZ and SRP is: SRP
=0.867 h SRZ+16.799 (F=51.256, p<0.001). The
adjusted R2 coefficient is 0.820, which indicts that
the explaining rate of SRZ on SRP is 82.0%.

average value of 47.33 and standard deviation of
10.40 in the 12 sites. The maximum and minimum
values of SRZ are 55 and 15, with an average value
of 32.92. Table 1 and Fig. 3 show that in summer,
water quality is worse than that in spring. There is no
apparent relationship between nutrients and SRP as
shown in Fig. 3. Similarly to that in spring, values of
DZ and SRZ are changing consistently with SRP
(Fig. 3). The values of DZ, SRZ and SRP reached
their maximum or minimum values at the same sites.
The values of DZ and SRZ are highly correlated to
each other as shown in Fig. 3. Results of stepwise
regression show that TN, TP, NH4+-N, BZ and DZ
have no statistical influence on SRP at the significant
level of 0.05 in summer. SRZ is the sole factor that
has statistically significant influence on SRP
(p<0.001). The regression equation between SRZ
and SRP is: SRP =0.912×SRZ +17.304 (F=33.630,
p<0.001). Adjusted R2 indicts that the explaining rate
of SRZ on SRP is 74.8%. SRP is also mainly
influenced by predation and the function of nutrients
is not significant in summer.

FIGURE 5
Values of different factors and the linear
relationship between DZ and SRZ, SRZ and SRP
in winter
Influence of different factors on SRP in
winter. We have identified 108 phytoplankton
species in the lake in winter. SRP is ranging from 23
to 62, with an average value of 42.25 and standard
deviation of 8.62 in the 12 sites. Values of TN, TP,
NH4+-N, BZ, DZ and SRZ for the 12 sample sites are
shown in Fig. 5 and their statistical characters are
listed in Table 1. The range of TN, TP or NH4+-N
concentrations and the value of SRP do not show
consistent as shown in Fig. 5. However the DZ and
SRZ are changing consistently with SRP (Fig. 5).
Results of stepwise regression also show that SRZ is
the sole factor that has statistically significant
influence on SRP (p<0.001). The regression equation
between SRZ and SRP is: SRP =0.806 h
SRZ+15.722 (F=47.926, p<0.001). The adjusted R2
coefficient is 0.810, which indicts that the explaining
rate of SRZ on SRP is 81.0%.
Through the stepwise regression of TN, TP, NH4+N, BZ, DZ, SRZ and SRP, SRZ is the sole factor that
has statistically significant influence on SRP at the
scale of season. All other factors are excluded at the
significant level of 0.05 during the stepwise
regressions. SRP is mainly influenced by predation
or top-down control at the scale of season.

FIGURE 4
Values of different factors and the linear
relationship between DZ and SRZ, SRZ and SRP
in autumn
Influence of different factors on SRP in
autumn. There are 110 phytoplankton species and
75 zooplankton species in the lake in autumn. SRP is
ranging from 25 to 67, with an average value of
45.33 and standard deviation of 9.48 in the 12 sites.
Values of TN, TP, NH4+-N, BZ, DZ and SRZ for the
12 sample sites are shown in Fig. 4 and their
statistical characters are listed in Table 1. There is no
apparent relationship between TN, TP, NH4+-N and
SRP (Fig. 4). Values of DZ and SRZ are changing
consistently with SRP in autumn as shown in Fig. 4.
The values of DZ, SRZ and SRP reached their
maximum or minimum values at the same sites. The
values of DZ and SRZ are highly correlated to each
other (Fig. 4). Results of stepwise regression show
that SRZ is the sole factor that has statistically
significant influence on SRP (p<0.001). The

DISCUSSION
Phytoplankton species competing for limiting
nutrients will promote SRP through complex or
chaotic dynamics of species abundance [10].
Ecologists have found a unimodal relationship
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predator species, there will be more different eating
habits, prey-preference and other limiting factors,
which provide conditions for the coexistence of
producers [14, 16, 36]. In this research, SRZ is the
decisive factor in maintaining SRP. The quantitative
relationship between SRZ and SRP in this research
is consistent with these theories.
The main risk in recovering or meso-eutrophic
lakes is the outbreak of algae [37]. With the
increasing of SRP, the risk of algae outbreak will
decrease [5, 7]. Results in this research show that the
SRP is mainly influenced by top-down control. The
explaining rate of SRZ on SRP is high and ranging
from 74.8% to 84.7%. These results give us new
guidance that we should maintain the species
richness from conserving the diversity of
zooplankton species in freshwater ecosystems:
protecting and restoring the habitats of zooplankton
species.

between the SRP and trophic state of a lake [12].
When a lake is oligotrophic, increasing nutrients
concentration will promote SRP [3]. Concentration
of phosphorus was positively correlated to SRP in
the Paraná subsystem when TP was ranging from
0.012 to 0.071 mg/L [3]. When a lake is eutrophic,
SRP will decrease with the nutrients concentration
increasing [13]. SRP was changing from an average
of 84 when TP<0.05 mg/L to 95 when 0.2<TP<0.4
mg/L, followed by a decline to 81 when TP>0.4
mg/L [13]. In this research, mean concentration of
TP is ranging from 0.06 to 0.38 mg/L in different
seasons. Mean concentration of TP is located in the
interval of previous work [13], where SRP will
increase with TP. TP has no statistical influence on
SRP at the significance level of 0.05 in this research.
Comparing the results of previous works [3, 13], we
can conclude that the range of SRP has no general
tendency with the increase of TP. So whether there is
a unimodal relationship between SRP and TP has not
formed a consist conclusion [3, 13].
Ecologists have found that there are no
significant changes of species richness with the
change of nutrients in a mesotrophic lake [31]. TN
has no significant influence on SRP in 87 artificial
permanent ponds in Andalusia when the
concentrations of TN are ranging from 0.1 to 28.2
mg/L [32]. In this research, mean concentration of
TN is ranging from 0.94 to 1.98 mg/L in different
seasons. Mean concentration of TN is within the
interval in the previous work [32]. Results in this
research are consistent with that of previous work
[32]. NH4+-N has no significant influence on SRP
according to previous study [14]. In this research,
NH4+-N is ranging from 0.12 to 0.79 mg/L. The
concentration of NH4+-N is relatively low and its
influence is not statistically significant.
Top-down control also has great influence on
SRP [15-18]. Ecologists have found that the
influence of predation on SRP is relying on the
nutrient conditions [33, 34]. In mesotrophic lakes,
zooplankton is dominated by the efficient grazer
Daphnia and has great influence on phytoplankton
species [33, 34]. In this research, SRP is mainly
influenced by top-down control in a mesotrophic
lake. The efficient grazer Daphnia accounted for
49.87% to 60.56% of the BZ in different seasons.
Results in this research are consistent with
demonstrations in mesotrophic lakes [33, 34]. BZ
and DZ can represent the predation intensity on
phytoplankton species, which will have influence on
SRP [35]. However in this research, BZ and DZ have
strong collinearity with SRZ and no significant
influence on SRP after removing the collinearity
influence of SRZ.
Predation influences the coexistence of
producers through altering the availability of
limiting resources or acting as limiting factors [16].
It is the number of limiting factors that set the upper
limit to the number of competitors [36]. With more

CONCLUSION
In this research, the influence of TN, TP, NH4+N, BZ, DZ and SRZ on SRP and their statistical
relationships are analyzed in Lake Nansihu, a
recovering lake. Among all these factors, TN, TP,
NH4+-N, BZ and DZ have no statistical influence on
SRP at the significance level of 0.05. SRZ is the
decisive factor in maintaining the SRP in the lake.
The adjusted R2 in the stepwise regressions varied
from 0.748 to 0.847, indicting high explaining rates
of SRZ on SRP in the lake. The regression lines of
SRZ and SRP fits well with that investigated in the
lake. Results in this research will be helpful in
understanding the bottom-up and top-down effects
on SRP and providing guidance for biodiversity
conservation in aquatic ecosystems.
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their point of views. This is related to the approach
based on the fundamental citizenship rights. Public
participation in environmental assessment processes
such as Environmental Impact Assessment (EIA)
and Strategic Environmental Assessment (SEA)
consists of to deliver opinion, obtaining information,
and decision-making rights. In addition to its
theoretical accuracy and requirement, the application
of public participation is complex and time
consuming.
Project-level effect assessment practices have
extensively been in progress for more than 35 years
throughout the world. However, the SEA has been
known since 1990s and it has mostly been applied in
the developed countries. It has become widespread
day by day. There is no need to mention the
environmental and socio-economic benefits of these
environmental assessment practices as they have
been known worldwide. Today, the focus is on how
the quality and reliability of impact assessment
practices can be improved as giving the most
appropriate answer about the proposal is closely
related to the performance of impact assessment
practices. In order to increase this performance, as
mentioned in many studies, broadened and effective
public participation has an important contribution [1;
2; 3; 4; 5; 6; 7; 8; 9; 10; 11; 12].
Public participation is a key step to improving
our environment. But often it comes too late or not
all [7]. This study focuses on the public participation
in every level of the SEA practices

ABSTRACT
The public participation is an indispensable part
of environmental assessment systems. Thanks to
these systems, all interested stakeholders in the
decision making process are recognized and
respected in the final decision as well as their inquiry
rights about the proposed activity.
Involvement is one of the important ways for
productive working of environmental assessment
processes and for increasing the quality of these
works. Therefore, the public involvement has a vital
role on the most accurate decisions about
investments.
In project level-environmental assessment
practices, important steps have been taken in
UHFHLYLQJDQGHYDOXDWLQJWKHSXEOLF¶VSRLQWRIYLHZV
for long years. However, how the participation
should be can not be solved in strategic decision
making processes about policies, plans and
programs. This is one of the problems requiring
solution in the integration of SEA into national
legislation system and its effective practice.
In every phase of strategic decision-making
processes, preparations for a social infrastructure
related to this issue ±more productive public
participation at the expected level- are required. The
socio-economic structure of a country, the education
level of people, environmental awareness level and
efficiencies of volunteer organizations are important
factors on the success of the participation.
This article sheds light on the basic principles
related to the process of public participation and how
an effective participation can be attained in SEA
practices at the policy, plan and program level.

MATERIALS AND METHODS
Based on the procedural efficiency of SEA
process mentioned by recent scientific literature, this
study was carried in two stages. 1) In the first stage
of the study, the main data was collected from
documentary survey research and literature review
(KAYNAK). This stage applied to examine the
current situation about the SEA systems in different
countries, theoretical framework of participation and
conceptual development of SEA. In this stage, the
quantitative data about important of participation for
SEA effectiveness was collected, by face-to-face
discussion with the staff of some NGO and The

KEYWORDS:
Public Participation, Strategic Environmental Assessment
(SEA)

INTRODUCTION
One of the significant characteristics and
privileges of environmental assessment regulations
is that they provide a chance for the public to express
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neglected or not considered by the team in charge of
the SEA process
x to take effective mitigation measures
against the effects stemming from the proposed
activity.
x a transparent decision making process
x an effective monitoring and controlling
process after the activity is started
x an increased trust and support of public
about the decisions taken by the governments
x an increased confidence into the SEA
process
x JRYHUQPHQWV¶VHOI-confidence on their own
decisions.
Today, SEA has been regarded as one of the
important ways for sustainable development [1; 10;
13; 17]. Participation can be said to be an
indispensable phase for sustainable development as
well as its contributions into the SEA process given
above.
According to [18] in addition to the sustainable
development, the other vital results of participation
in the decision making process can be listed as;
environmental protection, conflict management,
project understanding, reduction of public
opposition and economic benefits (Table1).

Ministry of Environment and Urbanization. 2)
Empirical analysis of SEA practices, reviewing 22
SEA case reports prepared in EU countries.

RESULTS AND DISCUSSION
The contribution of public participation in
decision-making. The main objective of public
participation is to provide support from all interested
stakeholder and to be successful in the project in
terms of both socio-economic and environmental
issues. In order to attain this objective, the
contributions of participation on the SEA process
have been mentioned in many studies [1; 2; 3; 4; 5;
8; 9; 11; 13; 14; 15; 16]
In general, these benefits can be summarized as
below.
It provides:
x a democratic approach into the decision
making process by means of informing and getting
WKH SXEOLF¶VSRLQWRI YLHZVRQWKH SURSRVDOVRIWKH
governments.
x to include local information and expertise
into the decision making process.
x to be aware of some points that may be

Sustainable
Development

Environmental
Protection

Conflict
Management

Project
Understanding
and Reduction of
Public Opposition

Economic Benefits
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TABLE 1
The results of the contribution from participation [18]
Public participation plays a crucial role in integrating economic, social and
environmental objectives, i.e. in enhancing sustainable development by acting as a
tool to raise public awareness of the delicate balance between economic and
environmental trade-offs. Sustainable development can be achieved only through the
involvement of all stakeholders in decision-making. This has been stated well by the
United Nations.
Principle 10 of the RIO DECLARATION recommended public participation to
handle environmental issues:
Environmental issues are best handled with the participation of all concerned
citizens, on a relevant level. On a national level, each individual should have
appropriate access to information concerning the environment that is held by public
authorities, including information on hazardous materials and activities in their
communities, and the opportunity to participate in decision-making processes.
Effective community consultation, early on in the project cycle, plays an important
role in conflict prevention; conflicts during project preparation are costly both in
terms of delays as well as in projects not approved as a result of conflict among
stakeholders.
Real participation will help to reach a broad public support for the final plan and
reduce the public opposition in the execution phase of the project. In contrast, late or
inefficient public participation leads to opposing the project.
Public consultation, participation and involvement in the early stages of the project
can prevent the dissemination of rumours and the rise of negative perceptions which
are very difficult to change once they take root.
Taxpayers must be considered as equal partners and have the right to be consulted
when taking important decisions or making major plans.
If the public is involved in the full decision making process, their concerns may be
met early on in the planning process when changes may be easier to make, rather
than late in the process when even small changes may cost both time and money.

5752

Volume 25 ± No. 12a/2016, pages 5751-5757

© by PSP

Fresenius Environmental Bulletin

a high quality SEA practice should be participatory
and inform the public and related institutions. Also,
it should be clear and coherent to be understood by
everyone. Non-governmental organizations dealing
ZLWKHQYLURQPHQWDOLVVXHVDQGUHODWHGH[SHUWV¶SRLQW
of views provide vital contributions into the content
of the SEA. The benefits on the behalf of the
participants will be possible to see when this process
is followed accordingly accurate time and
effectively.

With the public participation, the quality and
reliability of the SEA process have been increased.
Then, the high quality SEA process has become one
of the methods in order to attain the results
mentioned above (Figure 1). Participation gains
more dynamism which is strengthened by these
results for further practices.
According to [8] and [2], good quality SEA
process is integrated; sustainability-led, focused,
accountable, iterative (Table 2). In addition to these,
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FIGURE 1
Public participation is a factor increasing the quality and reliability of SEA.

TABLE 2
SEA performance criteria [4; 8].
A good quality SEA process is

Integrated

Sustainabilityled

Focused

Accountable

Participative

Iterative

(QVXUHVDQDSSURSULDWHHQYLURQPHQWDODVVHVVPHQWRIDOOVWUDWHJLFGHFLVLRQVUHOHYDQWIRU
the achievement of sustainable development;
$GGUHVVHVWKHLQWHUUHODWLRQVKLSVRIELRSK\VLFDOVRFLDODQGHFRQRPLFDVSHFWV
7LHUHGWRSROLFLHVLQrelevant sectors and (transboundary) regions and, where
appropriate, to project EIA and decision-making.
)DFLOLWDWHVLGHQWLILFDWLRQRIGHYHORSPHQWRSWLRQVDQGDOWHUQDWLYHSURSRVDOVWKDWDUH
more sustainable.
3URYLGHVsufficient, reliable and usable information for development planning and
decision-making;
&RQFHQWUDWHVRQNH\LVVXHVRIVXVWDLQDEOHGHYHORSPHQW
&XVWRPL]HGWRWKHFKDUDFWHULVWLFVRIWKHGHFLVLRQ-making process;
&RVWDQGWLPHHIIHFWLYH
7KHUHLVFOHDUDOORFDWLRQRIDJHQF\UHVSRQVLELOLW\IRUWKHVWUDWHJLFGHFLVLRQWREHWDNHQ
&DUULHGRXWZLWKSURIHVVLRQDOLVPULJRXUIDLUQHVVLPSDUWLDOLW\DQGEDODQFH
6XEMHFWWRLQGHSHQGHQWFKHFNVDQGYHULILFDWLRQ
'RFXPHQWVDQGMXVWLILHVKRZVXVtainability issues were taken into account in decisionmaking.
,QIRUPVDQGLQYROYHVLQWHUHVWHGDQGDIIHFWHGSXEOLFVDQGJRYHUQPHQWERGLHV
throughout the decision-making process;
([SOLFLWO\DGGUHVVHVWKHLULQSXWVDQGFRQFHUQVLQdocumentation and decision-making;
+DVFOHDUHDVLO\XQGHUVWRRGLQIRUPDWLRQUHTXLUHPHQWVDQGHQVXUHVVXIILFLHQWDFFHVVWR
all relevant information.
(QVXUHVDYDLODELOLW\RIWKHDVVHVVPHQWUHVXOWVHDUO\HQRXJKWRLQIOXHQFHWKHGHFLVLRQmaking process and inspire future planning;
3URYLGHVVXIILFLHQWLQIRUPDWLRQRQWKHDFWXDOLPSDFWVRILPSOHPHQWLQJDVWUDWHJLF
decision to judge whether this decision should be amended, and to provide a basis for
future decisions.
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3) Directive 2003/35/EC of The European
Parliament And of The Council of 26 May 2003.
This directive provides for public participation
in respect of the drawing up of certain plans and
programmes relating to the environment and
amending with regard to public participation and
access to justice Council Directives 85/337/EEC and
96/61/EC
The objective of this Directive is to contribute
to the implementation of the obligations arising
under the Arhus Convention [21].

The International Legal Requirement about
the Public Participation. A part from the national
SEA laws in the countries where the SEA is legally
applied, public participation is required by three
international legal instruments;
The SEA Protocol together with Articles 7 and
8 of the Aarhus Convention and EU directive on
SEA provides powerful tools for citizens.
1) The Protocol on Strategic Environmental
Assessment under the Espoo EIA Convention (May
2003)
At
the
5th
Ministerial
Conference
³(QYLURQPHQWIRU(XURSH´ on May 23, 2003, held in
Kyiv, Ukraine, 35 countries of the UN ECE region
signed the Protocol on Strategic Environmental
Assessment (the SEA Protocol) under the
Convention of Environmental Impact Assessment in
a Transboundary Context (Espoo EIA Convention).
The Protocol also provides for extensive public
participation in government decision-making in
numerous development sectors. Article 8 of the
Protocol is dedicated to public participation in SEA.
It requires each Party to ensure early, timely and
effective public participation in SEA of plans and
programs [17; 19].
2) &RQYHQWÕRQ 2Q $FFHVV 7R ,QIRUPDWÕRQ
3XEOÕF 3DUWÕFÕSDWÕRQ ,Q 'HFÕVÕRQ-0DNÕQJ $QG
$FFHVV7R-XVWÕFH,Q(QYÕURQPHQWDO0DWWHUV, on 25
June 1998, at Aarhus, Denmark.
The Aarhus Convention has provisions on
public participation in plans, programs, executive
regulations (and other legally binding norms), and
policies in Articles 7 and 8.
Article 7 of the Convention requires authorities
WR ³«make appropriate practical and/or other
provisions for the public to participate during the
preparation of plans and programmes relating to the
environment, within a transparent and fair
framework, having provided the necessary
information to the public´ [20].

Effective Public Participation. There
primarily three main topics to analyze for
effective public participation: the scope of
proposal, the socio-economic level of citizens
the planning of the public participation.

are
the
the
and

a) The Scope of the Proposal: As the scope of
the SEA practice is very broad and complexity, the
public participation process should be also multiprogressive and multi-disciplinary. However,
problems such as non-accessibility of all related
parties, informing and evaluation of the obtained
point of views are especially faced in the decision
making process of national policies
It is essential for the institution giving the
proposal and for the team controlling the public
participation to know the scope, the details and the
dimensions of the proposal. After that, they are
supposed to inform the public about the proposal.
Also, the expectations of the team responsible for the
process are determined in this phase. Therefore, it
will be possible to prevent the time and opportunity
losses in the future. In line with this, firstly,
stakeholders will be analyzed and the results will be
presented. Then, privileged stakeholders whose
opinions will be taken are needed to determine
(Table 3).

TABLE 3
The scope of the proposal on the effective public participation
Scope

Policy
The Scope of
the Proposal
Plan

Program

Content

Scale

International
Relationships
Sectoral Policies
Legal Regulations
Source Management
Protection Strategies
Socio-economic planning
Physical Planning
Area use planning
Periodical
Investment
Economic
Environmental

5754

Global,
International
National
Regional,
Local,
Urban,
Rural

Aim

x

Determining
the
stakeholders
x Analysis of stakeholders
x Target stakeholders
x Privileged stakeholders
x Stakeholders to be given
information
x Stakeholders
to give
information
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participation process for the effective, multidimensional and complete public participation. In
this stage, the questions below should be considered
and answered. In this step, effective methods should
be chosen to organize multilateral contributions, to
announce the related parties, to inform and to receive
information, so the obtained information can be used
at the right time and the right place in SEA process.
Who should be informed?
How can the related parties participate?
Which methods will be used?
How will the point of views be collected and
gathered?
How much is needed for the public
participation?
When and where will be the public be
involved?
How will the opinions and contributions be
evaluated?
Who will finance the public participation?
In this phase, the most vital question that
requires an answer is when and what phase the public
will be involved?

b) The Socio-Economic Structure of
Citizens: Especially in developing and undeveloped
countries, one of the vital factors influencing the
public participation is the socio-economic structure
RISHRSOH/RFDOSHRSOH¶VHFRQRPLFH[SHFWDWLRQVDUH
more privileged than environmental anxieties most
RIWKHWLPH7KHSHRSOH¶VPRVWLPSRUWDQWH[SHFWDWLRQ
from the proposed investment is the solution to the
unemployment. As well as the economic situation,
the education level and environmental awareness are
other determining factors on the SEA process.
$SDUW IURP WKH 6($ WR FKDQJH WKH FLWL]HQV¶
point of views about the environment and to increase
their environmental awareness is important for many
different issues. Therefore, environment policies
related to this issue should be developed and applied
in underdeveloped countries. In the countries trying
to integrate the SEA into their own legal systems, it
is crucial to inform the public and volunteer
organizations about the SEA process and to start
training activities during the integration process.
c)
Good
Organization
of
Public
Participation:
It is required to plan the details of the public

Screening

Scoping

Assessment and
Reporting

SEA Report Review
Decision-Making

MonitoringControlling

PARTICIPATION

The Proposal
Requirement

TABLE 4
Summary of contribution of public involvement in SEA
Contribution of public involvement
x Future-oriented socio-economic and environmental expectations of public
x Privileged needs
x The way how the policies of local and central managements is perceived by
the public
x Identification of significant impacts
x Present effects at the local level
x Future-oriented environmental anxieties
x Identification of public's interest and values
x Local problems and expectations
x Identification of the priorities
x Identification of priority subjects for assessment
x Encouraging public understanding of the proposed Project
x The public can contribute local knowledge and values to the prediction,
evaluation and mitigation of impacts
x Improvement in quality and acceptability of EIA report
x Some points missed by the SEA team
x The experiential and informative contributions of local and proposal-related
experts
x Public contribute to evaluation of quality and acceptability of report
x The control of whether some points mentioned in the previous phases are
included in the report
x Public comment on acceptability of project impacts
x &RPSDULVRQRIWKHSXEOLF¶VRSLQLRQVDQGSURSRVHGDFWLYLW\DQGGHFLVLRQ
x Public evaluate impacts that occur and support project environmental
management process
x Objective Monitoring
x During the application, the control of whether it fits into the issues
mentioned in the SEA report
x After the activity is started, monitoring the environmental quality
PUBLIC

SEA process
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legal regulations about the planning and decision
making process, doing the required preparations for
effective public participation.
 Training programs
 5DLVLQJ WKH SXEOLF¶V HQYLURQPHQWDO
awareness
 Informing the volunteer organizations
 Informing the occupational associations
The SEA process is a transparence process.
During this process, people have their own rights to
share their opinions and decide on the direction. The
public participation and public opinion are vital to
finalize the report and for the complete form of the
report.
The SEA is different form the project-level
effect assessment systems in that it is more
comprehensive and has no definite boundaries. SEA
is a renewable, continuous and flexible process,
aiming to provide necessary information at the right
time [1; 22]. For this reason, a broadened data web
is constituted in the SEA practises. The inclusion of
the local expertise, institutional expertise, local
public and all parties showing interest into this issue
will help to enrich the data web and the accuracy.
During the SEA process, the expectation from
the public participation can be summarised under
three headings: informing, obtaining information,
and quality control.

When and at what phase the public should
be involved?. When the general phases of the SEA
process and the possible contributions for the related
parties are taken into account, the participation
receives three-phase importance. The information
obtained in these three phases is at the quality of
affecting all phases in the SEA process (Table 4).
Early Participation: Since the SEA practices
mostly contain plans, programs, and policies
proposed by the governmental institutions or the
local administrators, the public should be involved
and in early phases such as the requirement of the
proposal and the formulation of the framework. A
proposal which is thought to be necessary by all
stakeholders will most probably be successful.
Within the theoretical framework of strategic
planning applications, one of the privileged
principles is the support on the proposal starting
from the initial phase.
In the phase of the scope determination:
When all related parties are involved in the phase of
the scope determination, the practice will be as
thorough as possible. If the scope cannot be
determined well, the following phases will be
influenced negatively.
The evaluation of the report: In the evaluation
of the report, the most important contribution of the
public participation is that it provides an objective
assessment and this influences the decision making
process.
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ANTIMUTAGENIC ACTIVITY OF BUDDLEJA GLOBOSA
EXTRACTS IN THE DROSOPHILA WING-SPOT TEST
Erico R Carmona*, Bibi Escobar, Veroska Obando
Núcleo de Investigación en Bioproductos y Materiales Avanzados (BioMA), Facultad de Ingeniería, Universidad Católica de Temuco,
Temuco, Chile

for antifungal and nematicide properties [6, 7].
Although B. globosa extracts exhibit several health
benefits in living organisms, protective effects on
genetic material (i.e., antimutagenicity) have not
been reported for this shrub species.
High polyphenol contents in aerial parts of B.
globosa have been associated with strong
antioxidant, anti-inflammatory and analgesic
activity [2-4]. These properties are related to the
phenylethanoids and flavonoids found in their
extracts, among which verbascoside and luteolin
have been described as the principal bioactive
components in leaf extracts of B. globosa [3, 4].
Different studies have shown that these kind of
polyphenolic compounds exhibit antimutagenic
activity against a broad gamma of chemical
mutagens with indirect and direct mechanisms of
action, in both in vitro and in vivo biological models
[8-11]. Thus, we hypothesized that leaf extracts from
B. globosa, which contain high quantities of these
kind of polyphenols, may show relevant
antimutagenic
activity
against
chemical
genotoxicants in whole organisms.
In the present study, the mutagenic potential of
B. globosa, as well as its antimutagenic activity
against the well-know alkylating mutagen agent
ethyl methane sulphonate (EMS), were assessed
through the in vivo wing-spot test of Drosophila
melanogaster. This assay is based on the loss of
heterozygosity (LOH) in normal genes and the
corresponding expression of recessive markers,
called multiple wing hairs (mwh) and flare-3 (flr3),
in the wing blade of adult flies [12]. Thus, when
preparing wing slides, the induced mutagenic effects
are microscopically observed as an increase in the
frequency of mutant clone markers (mwh or flr3).
This assay can detect a wide range of mutational
events such as point mutations, deletions, certain
types of chromosome aberrations (non-disjunction)
and mitotic recombination [12]. It should be noted
that this in vivo system assay has proved to be
versatile and suitable for mutagenic and
antimutagenic studies of different medicinal plant
extracts [13-15], or their isolated bioactive
components [16, 17].

ABSTRACT
Buddleja globosa is an endemic shrub species
from South America with recognized wound
healing,
analgesic,
anti-inflammatory
and
antioxidant properties; however, there are not studies
about their mutagenicity/antimutagenicity potential.
To this end, we used the wing-spot test in Drosophila
melanogaster to assess mutagenic and antimutagenic
activities of B. globosa. Treatments with different
non-toxic concentrations of aqueous extracts from B.
globosa leaves did not induce a significant increase
in the frequency of any class of mutant spot
formation on the wing blades of adult flies.
Combined treatments with the mutagenic agent ethyl
methane sulphonate (EMS) and leaf extracts showed
a relevant reduction of single, large and total mutant
spots in somatic wing cells in comparison to those
induced by the EMS alone. The results indicate that
aqueous extracts of B. globosa show desmutagenic
effects in an in vivo model on D. melanogaster.
Verbascoside and luteolin are the main bioactive
components isolated from B. globosa leaf extracts
and these kind of polyphenols could be related with
their antimutagenicity. This study is the first in
assessing the mutagenic and antimutagenic potential
of B. globosa.

KEYWORDS:
Chile; genotoxicity; matico; SMART assay; somatic
mutation

INTRODUCTION
Buddleja globosa (known also as ³PDWLFR´ or
³SDxLO´ is a medicinal shrub with wide geographical
distribution in Peru, Argentina and Chile [1]. Their
leaves are commonly used in traditional medicine
because they exhibit wound healing, analgesic, antiinflammatory and antioxidant properties [2-4]. In
fact, standardized extracts have been used for the
treatment and prevention of gastrointestinal
disorders caused by antibiotic treatments in humans
[5]. Since leaf and stem bark extracts from B.
globosa have shown cytotoxicity in high doses,
extracts from this species have also been exploited
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were mated to mwh males. Eggs from this cross were
collected during 8 h periods in culture bottles
containing standard medium. The resulting 3-dayold larvae were placed in plastic vials containing 4.5
g of Drosophila instant medium (Carolina Biological
Supply, Burlington, NC) prepared with different
non-toxic concentrations of B. globosa aqueous
extracts.
For antimutagenic studies, a chronic cotreatment with the mutagen ethyl methane
sulphonate (EMS, 100% purity, CAS No. 62-50-0,
Sigma-Aldrich, USA) and plant aqueous extracts in
non-toxic concentrations was performed [21]. EMS
was used as a positive control, and distilled water
was a negative control in each series. Third instar
larvae (3-days-old) were fed this medium until
completion of development (؆48 h). The
experiments were performed in optimal laboratory
conditions at 25 ± 1 ºC, 60% humidity and 12-h/12h light/dark daily regime.

MATERIALS AND METHODS
Plant material. Fresh material of B. globosa
was taken in October 2012 (austral spring season) in
the botanical garden of Universidad Católica de
Temuco, located in the North Campus, Araucanía
Region, Temuco, Chile (38º ¶ S, 72º ¶ W). Only
healthy adult shrubs without fungal, bacteria or
insect infection were sampled at the site (3 shrubs
per site). Leaves were collected from the top,
medium and bottom levels of each shrub. Then, the
leaves were placed in paper bags, labelled to indicate
species, date and collector, after which they were
deposited in the laboratory of Genotoxicology
(Facultad de Recursos Naturales, Universidad
Católica de Temuco). Identification was confirmed
by comparing reference material for each species
with material from the collection herbarium and with
the help of reference keys [18, 19].
The leaves were washed with running tap
water, and damaged portions were removed. Then,
the leaves were dried in a convection oven at 50 ºC
for 72 h. The dried leaves without petiole were
homogenized using a conventional mortar just
before conducting the aqueous extracts.

Statistical analysis. The conditional binomial
test of [22] was used to assess differences between
the frequencies of each type of mutant spot in treated
and concurrent negative control flies. The multipledecision procedure of [23] was used to judge the
overall response of an agent as positive, weakly
positive, negative or inconclusive. The frequency of
clone formation was calculated, without size
correction, by dividing the number of mwh clones
per wing by 24,400²which is the approximate
number of cells examined per wing [24]. For
antimutagenic analyses, the frequencies of each type
of mutant spot for each treatment were compared
pairwise with the frequencies induced by EMS alone
using the nonparametric Mann-Whitney test [13].

Aqueous extract of plants. Aqueous extracts
were prepared by putting ௗJ of the dried leaves and
ௗP/ of distilled water in a Soxhlet extractor for
4-5 h. The resulting extracts (150 mL) were stored in
dark vials at -20°C until use for mutagenic and
antimutagenic experiments. To determine the
concentration of aqueous extracts (i.e. mg/mL), we
used the weight differences obtained between dried
leaf samples (i.e. 10 g) and dried residue of plants
(dried in a convention oven at 50ºC over 72 h)
resulting after Soxhlet extraction in 150 mL of
distilled water.

RESULTS
Strains. Two mutant Drosophila strains were
used for the wing-spot test: the multiple wing hair
strain with the genetic constitution y; mwh j; and the
flare-3 strain with the genetic constitution flr3/ln
(3LR) TM3, Bds. The multiple wing hairs marker
(mwh, 3±0.3) is a completely recessive homozygousviable mutation, which is kept in homozygous
condition. It produces multiple trichomes per cell
instead of the normally unique trichome in the wing
cells. The flare-3 marker (flr3, 3±38.8) is a recessive
mutation that affects the shape of wing hairs,
producing malformed wing hairs that have the shape
of a flare. Given their zygotic lethality, flare alleles
have to be kept in stocks over balancer chromosomes
carrying multiple inversions and a dominant marker
that is a lethal homozygous (TM3, Bds). More
detailed information on genetic markers and
descriptions of the phenotypes are given by [20].
Wing-spot test protocol. Mutagenic assays
were carried out according to previous published
protocol [12]. Briefly, virgin females of the flr3 strain

The concentrations of B. globosa extracts used
in the mutagenic and antimutagenic experiments
with D. melanogaster were selected according to
previous toxicity and viability studies carried out in
the laboratory. The doses administered ranged from
3.83 to 15.32 mg/mL, and although an elevated
toxicity was observed for the high dose of 15.32
mg/mL, the viability of treated individuals was
enough to conduct mutagenic experiments (>50%).
However, in order to improve the viability of
individuals for the scoring of wing spot mutations in
combined treatments with the mutagen EMS,
concentrations of B. globosa extracts were reduced
to 1.91, 3.83 and 7.66 mg/mL. The final selection of
doses was based on the reduction in the percentage
of developing larvae, taking into account that the
number of emerging adults must be high enough to
perform the experiments [25].
The results indicate that no concentration of B.
globosa administered by ingestion induced
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aqueous extracts of B. globosa were conducted. All
combined treatments with the plant extracts showed
a relevant reduction in the different types of mutant
spots scored in comparison with those induced by the
EMS alone (Fig. 1). In summary, a significant
percentage of range reduction was observed for
small single mwh spots (39%-55%), large mwh spots
(42%-71%) and total mutant spots (40%-53%).
Although twin spots were inhibited between 18%
and 37%, these differences were not significant
(P>0.05). These reductions of mutant spots follow a
significant concentration-dependent manner for all
combined treatments with EMS and extracts. The
results indicate that different concentrations of B.
globosa aqueous extracts may inhibit the mutagenic
action of EMS in combined treatments in
Drosophila.

significant increases in the frequency of mutant spots
(i.e. small single, large single and twin spots),
compared with the negative control (Table 1). In this
study, the negative control frequencies (0.35) were
in accordance with the normal background range
observed in our laboratory and are not significantly
different from recent studies carried out with the
same system assay [26]. The positive control carried
out with 0.12 mg/mL of EMS showed a clear
mutagenic response, and the mutant spot frequencies
scored at the same concentration were also in
agreement with previous studies [26, 27], which
supports the validity of the negative results found for
medicinal plants evaluated.
The antimutagenic data of B. globosa obtained
from the wing-spot test are shown in Table 2. In this
study, combined treatments with the alkylating agent
EMS (0.12 mg/mL) and different concentrations of

TABLE 1
Induction of mutant clones in Drosophila by chronic treatments with B. globosa extracts. Results obtained
from wings of mwh/flr individuals.
Concentration
(mg/mL)

B. globosa
Negative control
3.83
7.66
15.32
EMS
0.12

Small single mwh spots
(1-2 cells) (m = 2)

Large single mwh spots
(>2 cells) (m = 5)

Nº

Fr

D

Nº

Fr

18
17
26
25

0.30
0.28
0.43
0.41

i
i

1
1
0
4

0.01
0.01
0.00
0.06

168

2.80

+

28

0.46

Twin spots (m = 5)

D

Nº

Fr

i

2
2
0
2

0.03
0.03
0.00
0.03

+

19

0.31

-

D

Total spots (m = 2)

Frequency
of clone
formation
105 cells

Nº

Fr

D

-

21
21
27
31

0.35
0.35
0.45
0.51

i
i

1.43
1.43
1.84
2.11

+

235

3.91

+

16.05

-

No, number of clones; Fr, frequency; D: Statistical diagnosis according to Frei and Wurgler (1988): +, positive; , negative; i, inconclusive; m, multiplication factor; probability level D = E = 0.05; 60 wings were analysed for
each concentration (30 individuals); Distiller water was used as negative control, and ethyl methane sulphonate
(EMS) as positive control.
TABLE 2
Induction of mutant clones in Drosophila by combined treatments of B. globosa extracts with ethyl
methane sulphonate. Results obtained from wings of mwh/flr individuals.
Concentration
(mg/mL)

B. globosa
Negative control
1.91 + 0.12 EMS
3.83 + 0.12 EMS
7.66 + 0.12 EMS
EMS
0.12

Small single mwh spots
(1-2 cells)

Large single mwh
spots (>2 cells)

Frequency
of clone
formation
105 cells

Total spots

Twin spots

No

Fr

D

No

Fr

D

No

Fr

D

No

Fr

D

24
116
103
85

0.38
1.93
1.71
1.41

Ļ
Ļ
Ļ

0
17
20
10

0.00
0.28
0.33
0.16

Ļ
Ļ
Ļ

0
22
21
17

0.00
0.36
0.35
0.28

ns
ns
ns

24
164
154
129

0.38
2.73
2.56
2.15

Ļ
Ļ
Ļ

192

3.20

35

0.58

27

0.45

278

4.63

1.55
11.20
10.51
8.81
18.98

No, number of clones; Fr, frequency; D: Statistical diagnosis with Mann-Whitney test [13], Ļ significant reduction
of mutant spot frequencies, and ns, not significant differences; 60 wings were analysed for each concentration (30
individuals); Distiller water was used as negative control, and ethyl methane sulphonate (EMS) as positive control.
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I nhibition percentage (% )

100
90
80
70
60

Small single spots

50
40

Small large spots

30

Twin spots

20

Total spots

10
0
BG 1.91 + EM S 0.12 BG 3.83 + EM S 0.12 BG 7.66 + EM S 0.12

Combined treatments (mg/mL)

FIGURE 1
Inhibition percentage of mutant spots induced in combined treatments with B. globosa (BG) and ethyl
methane sulphonate (EMS). Inhibition was calculated according to [15] by using the following formula:
(mutagen alone ± mutagen and extracts/mutagen alone) x 100.

were added at the same time in Drosophila food
medium in order to evaluate the capability of the
extracts to inhibit mutation clone formations in the
wing-spot test of Drosophila. It should be noted that
antimutagens that are active in combined treatments
are defined as desmutagens because these can
interfere directly with the mutagen in the medium or
at the extracellular level [31]. The results obtained
indicate that the B. globosa extracts used in our
experiments showed a clear desmutagenic effect,
reducing significantly the number of single spots,
large spots and the total number of spots, though not
twin spots. Considering that single spots are a result
of mutation events (e.g. gene mutations, deletions
and non-disjunctions), and twin spots are exclusively
induced by mitotic recombination [12], our results
are consistent in that B. globosa extracts inhibit
mainly somatic mutation events in the Drosophila
model.
Previous studies have evidenced that extracts
of B. globosa exhibited strong antioxidant and
radical scavenger properties due to the presence of
flavonoids, triterpenoids, diterpenoids and caffeic
acid derivatives [32, 33]. However, verbascoside and
luteolin are the main polyphenolic compounds
isolated in leaf extracts of B. globosa obtained from
the same geographical area of Chile (i.e. the city of
Temuco, Araucanía region) where we collected the
leaf
samples
for
mutagenic/antimutagenic
experiments with Drosophila [4]. Thus, we assume
that these kinds of bioactive components found in B.
globosa extracts could be related to the lack of
mutation and desmutagenic effects observed in the
present study because both polyphenolic compounds

DISCUSSION
Our results showed that, at non-toxic
concentrations, B. globosa aqueous extracts did not
cause any increase of mutant spot induction in
somatic wing cells of D. melanogaster. Moreover, in
our experimental conditions, these extracts reduced
the frequency of mutations induced by the known
mutagen EMS. In this context, our results indicate
that B. globosa extracts that present polyphenolic
contents may neutralize the mutation effects of EMS
in a whole organism such as D. melanogaster.
Although some studies indicate that leaf and stem
bark extracts from B. globosa showed cytotoxicity,
antifungal and nematicidal activity, these effects are
restricted to high doses of these extracts [6, 7].To
date, there are not available studies about genotoxic
or mutation effects of B. globosa. However, our
results are in agreement with the absence of mutation
effects of closer species of Buddleja genera. For
instance, dichloromethane leaf extracts of B. saligna
were not mutagenic and showed antimutagenic
properties which inhibit mutation rate in bacterial
mutation assays [28]. Meanwhile, methanolic
extracts from B. cordata were not clastogenic in
Vicia faba plants measured by micronuclei test [29].
Results obtained with B. officinalis extracts have
proven to prevent DNA oxidative damage caused by
hydroxyl radicals via antioxidant activity in mice
cells in vitro [30]. Thus, the non-genotoxic activity
and protective effects on DNA seem to be an
intrinsic feature of Buddleja plant species.
In the present study we used combined
treatments to study the potential antimutagenic
activity of B. globosa. Thus, both EMS and extracts
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activity of B. globosa. Likewise, future
antimutagenic studies that involve pre and post
treatments are necessary to identify if B. globosa
extracts can act as a bioantimutagen (i.e. at cellular
level).

have demonstrated beneficial and protective effects
for living organisms.
For
instance,
verbascoside
is
a
phenylpropanoid that possesses pharmacologically
beneficial activities for human health, including
antioxidant, anti-inflammatory and antineoplastic
properties [11]. In addition, studies with human
lymphocytes in vitro have shown inhibition of DNA
strand breaks induced by co-treatments with the
mutagen mitomicyn C and verbascoside in a
concentration-dependent manner [8]. It should be
noted that verbascoside has also shown
antimutagenic effects in vivo against DNA oxidative
damage induced by hydrogen peroxide in the
Drosophila wing-spot test [34].
Similarly, luteolin is a flavonoid with
recognized antioxidant, anti-inflammatory and anticancer activities [10, 35, 36]. Studies with bacterial
assays have demonstrated that this flavonoid can
inhibit the mutation rate induced by several chemical
mutagens, such as Aflatoxin B1, 9-Aminoacridine
and N-Methyl-Nƍ-nitro-N-nitrosoguanidine [37, 38].
Moreover, luteolin has been shown to inhibit the
genotoxicity induced by halogenated boroxine in
human lymphocytes in vitro [39]. Other studies have
evidenced that luteolin can protect the DNA from
oxidative DNA damage induced by hydrogen
peroxide and also increase the DNA repair in Caco2 human cells [40]. Finally, luteolin has shown
antigenotoxic activity against hydrogen peroxide in
Drosophila as well [41].
It should be noted that EMS is a
monofunctional ethylating agent with a well-known
direct mutation action, and it can generate
chromosomal breakage and point mutations via alkyl
radical transfers to DNA bases at nitrogen and
oxygen positions [42, 43]. Thus, the protective
mechanism against chemical mutagenesis of EMS
could be related to a direct interaction between
bioactive constituents of B. globosa extracts and
EMS before it induces DNA damage. In this context,
presumably the protective verbascoside and luteolin
polyphenols found in B. globosa leaf extracts could
inhibit mutation clone formation in wing cells of D.
melanogaster by blocking the alkylation action of
EMS on DNA [31, 44]. Previous assumptions have
also been proposed by other studies evaluating the
antimutagenic effects of different medicinal herbal
extracts against EMS in both germinal and somatic
cells of Drosophila [45-48].
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ABSTRACT
The normalization of water bloom produces
vast amounts of cyanobacteria biomass in China
each year, and SCWG technology is suitable for
these biomass with high content of moisture and
organic matter. Alkali additions is a conventional,
effective and economic measure for enhancing
hydrogen production, the paper analyzed the
influence and mechanism of alkali additions on
gasification and phosphorus recovery of
cyanobacteria in SCW by a change of NaOH loading,
the results indicated that alkali additions could
promote yield of H2 to a great extent, and the P
migrating and transforming course from solid
residue to liquid products would be enhanced.
KEYWORDS:
alkali additions, supercritical water gasification,
cyanobacteria, hydrogen production, phosphorus recovery.

INTRODUCTION
The normalization of water bloom produces
vast amounts of cyanobacteria biomass in China,
which was a hard nut to crack. To avoid the
continuous deterioration of the water quality,
millions tons of cyanobacteria slurry was salvaged in
Taihu, Dianchi, and Chaohu each year [1].
Cyanobacteria biomass is characterized by
numerous Microcystis cells as well as high moisture,
organic matter, N, and P contents. SCWG technology
is suitable for these biomass with high content of
moisture and organic matter, such as microalgae,
sewage sludge [2, 3, 4, 5], kitchen waste [6, 7, 8],
sawdust, and agricultural straw [9, 10]; and the
previous study has verified the feasibility of using
cyanobacteria as feedstock of hydrogen (H2)
production in supercritical water.
Phosphorus is indispensable nutrient elements
for any life, as an important actor in the construction
of cell organization, so phosphorus fertilization

applied as a basic way to nutritional supplements in
agricultural industry. With the ever-increasing
application amount, phosphate mineral source
becomes more and more critical, and a series of
environmental problems is also attached to the
development
process.
A
renewable
and
environmentally friendly phosphate source is
essential for the development of agricultural
production in the future, which could replace the
traditional mineral resource.
Alkali additions was a conventional, effective
and economic measure for enhancing hydrogen
production. It had been known as high catalytic
efficiency in the early 1940 s. Elliott et al. [10, 11,
12] firstly did research about effects of alkali
catalysts on the water gas shift reaction. Combined
with catalysis effects of KOH on pyrocatechol and
glucose, Kruse et al. [13, 14] presented the chemical
equation as (1-5) to (1-  ,W¶V DOVR FRQVLGHUHG WKDW
NaOH addition inhabited coke production, and
enhanced gas production in SCW [15, 16]. The
sequence of catalytic effects on H2 production was
listed as follow: NaOH > KOH > Ca(OH)2 > K2CO3 >
Na2CO3 > NaHCO3, the salt basicity of intermediates
containing alkali metal ions was considered as a
reason of catalytic effect [17]. As a kind of colony
based biomass, the catalytic effect had not yet been
verified during the SCWG process of cyanobacteria.
Some research work has already developed in
phosphate recovery of SCWG products [18, 19], but
it has not been formed the clear and scientific theory
on the phosphate forms, distributions of SCWG
products and effect of alkali addition.
The paper used NaOH as addition of
cyanobacteria in SCWG process, attempted to solve
the safety disposal and achieve abundant H2
production concurrently. We analysis the influences
and mechanism of alkali addition on the
enhancement of gas production, as well as the forms
and distributions of phosphorus in three-phase
products. Furthermore, the feasibility of phosphate
recovery with alkali addition was defined in SCWG
products.
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TABLE 1
Properties of raw Cyanobacteria
Water

Proximate analysis

content

(wt%)b

(wt%)a

VM

Carbohydrates
wt%)

96.15

81.59

FC

Ash

3.00

15.41

b

Lipids
(wt%)

22.05

Proteins

b

(wt%)

4.00

b

TOC
(mg/L)a

40.54

13320

TN

NH3-N

TP

DRP

C

N

S

H

O

HHV

(mg/L)a

(mg/L)a

(mg/L)a

(mg/L)a

(wt%)b

(wt%)b

(wt%)b

(wt%)b

(wt%)b

(MJ/kg)c

3268

619.95

180.63

0.0887

42.635

5.6815

0.9235

6.8775

26.3125

19.687

a

Based on a wet weight.
On a dry basis.
c
High heating value (HHV) calculated by Dulong formula, HHV (MJ/kg) = 0.3383C + 1.443˄HO/8˅+ 0.0927S.
b

MATERIALS AND METHODS
Experimental Materials. The cyanobacteria
biomass used in the tests was collected from Wuxi
Taihu Lake Yangwan water-algae separate station.
The floating cyanobacteria achieved after standing in
May. The feedstock was stored in the refrigerator at
-20 °C, and then naturally thawed before the SCWG
reaction. The raw features of Cyanobacteria are
shown in Table 1. The test feedstock was without
using any pretreatment, such as dewatering and
moisture addition.
Device and Experimental Procedures. The
test device was made of stainless steel 316, which
was designed to withstand a maximum temperature
of 600 °C and a maximum pressure of 30 MPa
respectively. The volume capacity of the reactor was
100 mL. The salt bath was set as heating method
through 100% KNO3. Reaction temperature was
controlled by the thermoelectric couple in salt-bath
furnace, different reaction pressure could be get by
moisture adjustment on the basis of moisturetemperature-pressure curve. The tube-reactor with a
preset sample loading was placed in the oven and
heated to a preset temperature. Timing was started
when the temperature became stable. After
continuous monitoring for a predetermined duration,
the reactor was removed from the oven and rapidly
cooled down to room temperature using an electric
fan and cold bath. The cooled procedure took 20±30
min generally. Gas sample was collected by a 20 mL
syringe equipped with a three-way valve. The
remaining gas volume was measured by the
discharge volume of saturated NaHCO3 solution.
The reactor was unloaded and the residue was then
collected and separated by high-speed refrigerated
centrifugation at 10 000 r/min. The aqueous product

was preserved at 0-4 °C. Solid residue was gathered,
milled after drying at 80 °C, and tested for
subsequent composition analysis.

FIGURE 1
Schematic diagram of the experimental
apparatus
Analytical Methods. Gas composition was
determined using a gas chromatograph (Nanjing
Kejie GC5890A) equipped with a thermal
conductivity detector (TDC). Nitrogen served as the
carrier gas and the flow rate and the pressure were
30 ml/min and 0.5 MPa respectively; the column
temperature was maintained at 353 K; the
temperature of both the injector and detector
temperature were 393 K. The analytical method was
simple and effective for detecting H2, CO, CH4, CO2,
and other light organic gases. A Shimadzu TOCVCPH analyzer and a SSM-5000 analyzer were used
to detect the TC and TOC of the liquid products and
solid residue, respectively. The TP and DRP of liquid
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phase was detected by ammonium molybdate
tetrahydrate spectrophotometry. The phosphate
forms of solid residue fall into organic phosphorus
(Org-P) and inorganic phosphorus (Ino-P), Ino-P
could divided further into Ex-P, Al-P, Fe-P, Oc-P, DeP and Ca-P. The continuous chemical extracting
method was mostly applied for the detection of
phosphate forms in the soil sediments. The
optimized extracting method we used was showed in
Fig. 2.

and CO production was improved obviously; then
the reaction turned into the next stage when the
NaOH loading continued to increase, the yield of CO
and CO2 decreased rapidly, and transformed into H2
and CH4 accordingly, the reactions mainly occurred
in this stage which were listed from 1-5 to 1-9, the
media materials enhanced the water-gas shift
reaction, such as sodium formate and sodium acetate.
The mediation of intermediate enhanced the watergas shift reaction and H2 production, the high
concentration of reactant enhanced methanation
reaction, the yield of CH4 rise accordingly.
The CO product, generated in the process of
steam reforming reaction, formed sodium formate by
the catalytic function of alkali catalysts, and finally
transferred to CO2 and H2, thus achieved the
objective of H2 production optimize. CO2 product
captured by surplus NaOH, converted to carbonate
or bicarbonate that distributed in the liquid phase and
solid residue.

RESULTS AND DISCUSSION
Effects of alkali additions on the
distributions of SCWG products and gas
production. IW¶VH[WUHPHO\QHFHVVDU\WRUHVHDUFKWKH
effects of alkali catalysts loading on the process of
SCWG of cyanobacteria, the reaction mechanism of
alkali catalysts could be clearly reflected. The
viewpoint that alkali catalysts enhanced the watergas shift reaction in the process of SCWG was
generally accepted. NaOH was used as typical alkali
catalyst to demonstrate the mechanism deeply.
Fig. 3 shows the effects of NaOH addition
loading on gaseous products from SCWG of
cyanobacteria. The yield of H2 and CH4 improved
obviously with the increase of NaOH loading,
moreover, CO2 and CO production was weaken; the
yield of H2 could reach up to 17.0 mol/kg at 5.0%
catalyst loading, 400oC, 15 min and 22.0 MPa. As a
result of the res trict of gaseous phase yield, the
enhancement of alkali catalyst for H2 production was
close to the limit. We can also find out that the
process of catalytic gasification showed remarkable
reaction stages with the improvement of NaOH
loading. The first stage appeared when the catalyst
loading was controlled at 0.0% to 0.5%, NaOH
addition enhanced the total gaseous production, H2

9.0
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0
Gaseous
Gas phase
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Liquid
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NaOH addition
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FIGURE 2
The procedures of the continuous chemical
extracting method
B
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FIGURE 3
Effects of NaOH additions on the distributions of SCWG products and gas production, with A:
Effect of NaOH additions on dry mass distributions; B: Effects of NaOH additions on gas production.
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FIGURE 4
Effects of NaOH additions on the distributions and forms of C in SCWG products
A: Effect of NaOH additions on carbon distributions; B: Effects of NaOH additions on carbon forms.
When NaOH loading was low, NaOH addition
destroyed cell structure of cyanobacteria, enhanced
the generation of intermediates easy to gasification,
a mass of CO and CO2 produced in this stage; the
continuous increase of catalysts loading resulted in
the rapid decrease of CO and CO2 contents, CO2
were captured by surplus alkali catalysts, and CO
were reacted to enhance H2 production in the process
of the water-gas shift reaction.
C forms and distributions. The effects of
NaOH loading on carbon forms and distribution at
500oC, 30 min and 22.0 MPa were shown in Fig. 4A.
We could see that two stage of C in SCWG of
cyanobacteria shown in the changing process of
NaOH loading, the carbon recovery of gas phase and
liquid products appear in the trend of first increased
then decreased subsequently, solid residue and oil
show the opposite. The C of cyanobacteria mainly
concentrated in oil and loss of SCWG, coke and tar
were still the main existing forms. For a better
understanding of SCWG process, effects of NaOH
additions on the distributions and forms of C in
SCWG products were studied, and the result was
shown in Fig. 4B. The change of CO and CO2
production caused the two changing states of C in
gas phase, and then affects the balance of carbon
distribution in SCWG products. Surplus NaOH
captured CO2 to generate carbonate in the liquid
phase, so IC contents of liquid phase generally
increased at high NaOH loading. Because of the
increase of carbonate ion reacted with mental ions of
cyanobacteria cells, such as calcium and magnesium
ions, etc. The generation of sediment raised the IC
contents of solid residue accordingly. With the
increase of catalysts loading, the continuous
decrease of TOC content in solid residue illustrated
that some hard-degraded organic intermediates of
liquid products were decomposed into short chains

organics in the SCWG process of cyanobacteria, so
the TOC contents of liquid phase showed the second
reaction stage.
Two reaction stages showed in the SCWG
process of cyanobacteria with the increase of
catalysts loading, low NaOH loading enhanced the
more complete decomposement of cyanobacteria
cell, and TOC in liquid products transformed to
gaseous products ,such as CH4 ǃCO2 and CO etc.
With increase of catalysts loading, H2 and CH4
generated during the rapid decrease of CO and CO2
yield, some hard-degraded organic intermediates in
solid residue decomposed and concentrated in liquid
phase, and inhabited the generation of coke to some
degree. The mechanism of NaOH in the reaction
process of gasification of cyanobacteria enhanced H2
production including several parts, at first, NaOH
addition destroyed the cellular structure and the
chemical bond of macromolecule organic matters for
easy gasify; the mediation of formates and acetate
enhanced the water-gas shift reaction; moreover,
CO2 was captured by surplus NaOH, the equilibrium
in the water-gas shift reaction would be affected and
produced more yield of H2.
Effects on phosphorus distribution and
forms in SCWG products. Phosphorus recovery
can provide better support for SCWG technology
application of cyanobacteria biomass, and the
premise is to clear the phosphorus distribution and
forms in SCWG products. Fig. 5A shows the
distribution of P in SCWG products, and the effects
of NaOH additions is also be shown. 80% P of
cyanobacteria is deposited in solid residue, the rest
is distributed in liquid products; when NaOH
additions involved in the SCWG reaction of
cyanobacteria, the P migrating and transforming
course from solid residue to liquid products would
be enhanced.
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FIGURE 5
Effects of alkali additions on the distributions and combined forms of P in SCWG products.
A: Effect of NaOH additions on the distributions of P; B: Effects of NaOH additions on phosphate
combined forms.
Org-P dephosphorylation:
PO(OH)2CxHyOz 2+ĺ32 2+ 3 &xHyOz
phosphoric acid hydrolysis and metal ions capture:
PO(OH)3 ĺP++ + H3-mPO4míP 0Hb+ + b(HmPO4) Pí - ĺ 0HíP(HmPO4)bĻ 
m=0,1,2
Ca-P formation and hydrolysis conversion:
MeíP(HmPO4)b ĺ íP 0Hb+ + b(HmPO4) Pí m=0,1,2
íP &D2+ + 2(HmPO4) Pí - ĺ &DíP(HmPO4)2Ļ 
m=0,1,2
5Can/2H3-nPO4 + n/2H2O ĺQ&D5(PO4)32+Ļ 3n/2)H3PO4 n=1,2,3
A clear understanding of phosphorus forms
could make us more effective for the phosphorus
recovery in SCWG products. More than 90% of P are
gathered in liquid products and solid residue, and
effects of alkali additions on the forms of P in liquid
products and solid residue were shown in Fig. 5B.
When the SCWG reaction conditions were 400 oC,
23 MPa and 15 min or more, phosphorus combined
with organic matter was not detected, whether NaOH
addition was participate in or not. So we could
confirm that the organic phosphorus (Org-P) of
cyanobacteria biomass could turn into inorganic
phosphorus (Ino-P) completely in SCW system. The
liquid products and solid residue gathered more than
90% of phosphorus. In liquid products, the dominant
form was dissolved reactive phosphorus(DRP), it
could be H2PO4-, HPO42- or PO43-; the pH properties
of liquid products stated phosphorus mostly existed
in HPO42- , and a small number of PO43-. Over 75
percent of Ino-P in SCWG solid residue existed as
authigenic apatite plus CaCO3 - bound P plus
biogenic apatite(Ca-P), the rest mainly distributed to
exchangeable or loosely sorbed P (Ex-P), Fe boundP (Fe-P) and detrital apatite plus other inorganic-P

(De-P). Al bound-P was hardly detected for the
extremely low content in cyanobacteria biomass; a
suitable oxidation-reduction environment wasn¶t
equipped to form Al(OH)3, Fe(OH)2 and Fe(OH)3
coating in SCWG system despite 1% NaOH addition,
and then occluded phosphate was also not generated.
The Fe element content of cyanobacteria biomass
was far too low to generate such an amount of Fe-P
in SCWG products, oil production eroded vessel
wall in the SCWG reaction process, then a certain
amount of Fe2+ and Fe3+ was provided in Fe-P
formation; when NaOH addition involved into
SCWG reaction, oil production was suppressed, then
Fe2+ and Fe3+ yield was reduced, as well as Fe-P
formation. For the reduction of Fe-P formation,
phosphate generated from the decomposition of
organic matter, turn it first into Ex-P and then to CaP with the participation of NaOH addition. Under the
influence of alkali catalyst addition, Ca-P was still
the main combined forms in SCWG solid residue of
cyanobacteria biomass. The phosphate combined
IRUPV FRXOGQ¶W EH GLUHFWO\ DQG efficiently used in
agricultural soil environment. Therefore in the
following research, Ca-P and other strong combined
forms should be converted into available forms for
crops growing.
Phosphorus of cyanobacteria biomass was
completely converted into Ino-P in the SCWG
reaction process, and De-P was the most stable
combined form. According to the continuous
chemical extracting method, 30 mL 1mol/L HCl
could be achieved to extract almost the whole De-P
in 2.0 g solid residue. So hydrochloric, sulfuric and
oxalic acid were used as leached acid, the latter two
had been proved with excellent leaching
performance. Leaching performance of phosphorus
was shown in Fig. 6.
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FIGURE 6
Leaching performance of phosphorus.
A: Effect of acid type and theoretical hydrogen ion concentration; B: Effect of time using hydrochloric,
sulfuric and oxalic acid.
The hydrogen ion concentration, under the 100%
successful hydrolysis, was taken as indexes to
measure the leaching ability of acid. The use of
oxalic acid resulted in a more complete phosphate
release than hydrochloric and sulfuric acid for all
solid residues, under C[H+] = 10-2 mol/L conditions,
after 2 hours of leaching (Fig. 6A), and there was
only a marginal difference between C[H+] = 10-2
mol/L and higher hydrogen ion concentrations,
expect for oxalic acid. When theoretical C[H+]
reached 100 mol/L, the oxalic acid concentration
came to 0.5 mol/L with weak degree of hydrolysis,
the leaching acid manifest as organic solvent, thus it
FRXOGQ¶WHIIHFWLYHO\UHSODFHWKHPHWDOLRQVRI,QR-P.
Hydrolysis was gradually complete by decrease of
oxalic acid concentration, resulted in more oxalate
was achieved, and the performance may be attributed
to its ability to form complexes with metal ions,
which will improve the phosphate removal [20]. In
comparison with other organic acids, oxalic acid has
the largest ability to chelate many metal ions (K+,
Mn2+, Zn2+, and Cu2+). In fact, the chelating stability
constant for oxalate-K+ complexes of five-ring
structures is 1.61 times that of citrate-K+ complexes
and 2.25 times that of malate-K+ complexes [21]. In
a related study, it was reported that after treatment
ZLWK R[DOLF DFLG WKH FU\VWDOOLQLW\ RI ÀXRUDSDWLWH
decreased [22], which is an indication of increasing
P release. Oxalic acid in contact with the solid
residue eliminates the adsorption sites and reduces
the adsorption of some anions, such as phosphate.
Additionally, it has been reported that oxalic acid can
efficiently solubilize phosphate from calcium
phosphate in calcareous soils and from iron
phosphate and aluminum phosphate in acidic
solutions [21]. As described in connection with Fig.
4B, oxalic acid could dissolve Ex-P, Fe-P and Ca-P
in SCWG solid residue, even a little part of De-P, the

metal ions combined with phosphate, such as K+,
Na+, Fe2+, Fe3+ or Ca2+, could be replaced in acidic
conditions, phosphate would be released into
aqueous phase. The reaction process was shown as
below.
Ca5(PO4)3OH + 10H+ ĺ&D2+ + 3H3PO4 + H2O
MeíP(HmPO4)b + bH+ ĺ íP 0Hb+ +
b(HmPO4) Pí - m=0,1,2
Hydrochloride acid was used as solvent for
extracting De-P, phosphate in solid phase could be
mostly dissolved under a certain conditions. But it
would also add chloride ions to the leachate and
these could form soluble complexes with most heavy
metals, thus increasing the amount of metals in
solution. The choice for sulfuric acid as another
inorganic extraction medium is based on the fact that
this is the standard acid used for many processes that
solubilize P, such as artificial fertilizer production.
Fig. 6B illustrates the variation of P leached in
different reaction time in C[H+] = 10-2 mol/L. P yields
were only slightly influenced when the leaching time
was exceeding 2.0 h, and stayed constant at around
70 %, 75% and 82% for hydrochloric, sulfuric and
oxalic acid, respectively. It appears that SCWG for
15 minutes already makes most of the P available for
acid leaching, by the same proposed reaction
mechanism as discussed earlier. The advantage of
shorter reaction times while sacrificing neither gas
production nor P-leaching performance is obvious:
the final process becomes more economical due to
lower energy requirements and less needed
equipment and capital per amount of residue. Alkali
addition greatly promoted hydrogen production and
carbon conversion efficiency, phosphorus tended to
combined with Ca and existed as a more stable from
in SCWG solid phase, but it did not affect the
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efficiency of phosphate recovery.

CONCLUSIONS
Through NaOH additions in SCWG reaction of
cyanobacteria biomass, the work demonstrates a
sustainable approach to convert cyanobacteria
biomass into hydrogen±rich gases and to recovery
phosphorus from SCWG process. Alkali addition
greatly promoted hydrogen production and carbon
conversion efficiency, phosphorus tends to
combined with Ca and existed as a more stable from
in SCWG solid phase, but it did not affect the
efficiency of phosphate recovery. It is found that
hydrogen yield can be up to 4.50 mol/kg after SCWG
at 400 °C , 23.0MPa, 15 min and 1.0 % NaOH
addition, then 91.05% phosphorus of cyanobacteria
biomass is combined with Ca ions in solid phase;
when the leaching conditions stay at 2.0 h retention
time, 1:15 solid/liquid ratio and 0.005mol/L oxalic
acid concentration, 80.75% of phosphate can be
collected in SCWG solid phase.
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CHILLING STRESS EFFECT ON BIOCHEMICAL CHANGES
IN CALLUS TISSUES OF MELON GENOTYPES DIFFERING
IN SALT AND DROUGHT TOLERANCE
Sebnem Kusvuran1,*, Sekure Sebnem Ellialtioglu2
1
Cankiri Karatekin University, Kizilirmak Vocational High School, Cankiri, Turkey,
Ankara University, Faculty of Agriculture, Department of Horticulture, Ankara, Turkey

2

suggested that reactive oxygen species (ROS) are
the cause of chilling-induced injury due to their
production in higher concentrations during cold
stress, which may induce degradative reactions,
bringing about lipid peroxidation, protein
breakdown, chlorophyll quenching, and membrane
deterioration. Antioxidative enzymes constitute the
cellular defense against oxidative stress [3].
Superoxide dismutase (SOD) catalyzes the
dismutation of superoxide to hydrogen peroxide and
oxygen. Hydrogen peroxide, which is also toxic to
cells, is detoxified by catalase (CAT) and
peroxidases to water and oxygen. Ascorbate
peroxidase (APX) reduces H2O2 using ascorbate as
an electron donor in the ascorbate-glutathione
cycle. Oxidized ascorbate is then reduced by the
reduced glutathione that is generated from the
glutathione disulfide being catalyzed by glutathione
reductase (GR) [4].
The in vitro culture of plant cells and tissue
has attracted considerable interest in recent years
because it provides the means to study the
physiological and genetic processes pertaining to
plants. In addition, it offers the potential to assist in
the breeding of improved cultivars by increasing
genetic variability [5, 6]. Ristic et al. (1998) [7]
suggested that environmental stresses such as
chilling or frost, water shortages, high salt
concentrations, and high temperatures can cause a
wDWHU GHILFLHQF\ LQ WKH SODQW¶V WLVVXHV DQG WKH
plants are expected to respond to these stresses in a
somewhat similar manner.
The aim of this study was to investigate the
antioxidative stress enzyme activities in melon
genotypes (salt - drought tolerant and sensitive)
grown in in vitro culture under chilling stress
conditions and establish the similarities between the
variations of the antioxidant enzyme activities
under the effects of chilling stress.

ABSTRACT
The effects of chilling stress were studied on 2
salt-and drought-tolerant (CU-159 and CU-196) and
2 sensitive (CU-40 and CU-252) melon genotypes
under in vitro culture conditions. A growth
inhibition was exposed in the callus tissues
compared to the control group in all of the
genotypes on day 4 and 8 of the chilling stress. The
salt- and drought tolerant genotypes showed less of
an increase in lipid peroxidation (MDA), and more
of an increase in superoxide dismutase (SOD),
catalase (CAT), ascorbate peroxidase (APX), and
glutathione reductase (GR) under chilling stress.
The amount of proline, glucose, and fructose
increased in the callus tissues during the chilling
stress. This increase was stronger in the salt-and
drought-tolerant genotypes than in the sensitive
ones. These results indicated a certain amount of
increase in antioxidative stress enzymes in the
callus tissues of 4 melon genotypes under chilling
stress. The plants subjected to chilling stress
showed that salt- and drought-tolerant melon
genotypes were able to tolerate chilling stress, while
the salt- and drought-sensitive melon genotypes did
not. This may create significant protection
mechanisms against reactive oxygen species in
tolerant genotypes. Generally, the increase of
antioxidant enzyme activity, proline, and
carbohydrates are associated with a tolerance to
chilling stress.

KEYWORDS:
Antioxidant, Cucumis melo, chilling, MDA, proline, SOD

INTRODUCTION
Chilling, a type of low temperature stress, is a
common abiotic environmental stress that seriously
affects the growth and development of plants [1].
Wilting that occurs during low temperatures is
attributed to a primary mechanism involving the
loss of membrane properties or the transition of
membranes from a normal fluid state to a restricted,
less fluid, semicrystalline state [2]. It has been

MATERIALS AND METHODS
Two salt- and drought-tolerant (CU-159 and
CU-196) and 2 salt- and drought-sensitive (CU-40
and CU-252) melon genotypes were used as the
plant material [8]. The melon seeds were surface5773
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min at 15000 × g. An assay mixture
containing a 1 mL aliquot of the supernatant and 2
mL of 0.5% (w/v) TBA in 20% (w/v) TCA was
heated to 95 °C for 30 min and then rapidly cooled
in an ice bath. After centrifugation (10000 × g for
10 min at 4 °C), the supernatant absorbance (532
nm) was read and values corresponding to
nonspecific absorption (600 nm) were subtracted.

sterilized for 20 min in a 25% sodium hypochloride
solution containing 0.1% Tween 20, rinsed several
times with distilled water, and germinated in
Murashige and Skoog (MS) basal medium [9],
without hormones, under aseptic conditions. Callus
tissues were initiated from the cotyledons of 3week-old seedlings in a MS medium, to which 1.0
mg L±1 RIĮ-naphtaleneacetic acid, 0.1 mg L±1 of 6benzylaminopurine, 3% sucrose, and 0.7% agar
were added, and incubated at 26 ± 2 °C under
conditions of continuous darkness. After 4 weeks,
the calluses were separated from the explants and
subcultured in MS medium as described above. For
chilling stress, the melon calluses were kept at 4 °C
for 4 and 8 days. For the control, 1 g of each callus
culture was placed into each of the petri dishes and
they were kept at 26 °C. For each treatment, 15
petri dishes were used. The calluses were left to
develop in chilling, and non-chilling conditions for
4 and 8 days. Next, the total weights of the calli
were determined and the callus tissues were
sampled for enzyme extractions.

Proline Content. Proline was measured by
following the methods of Bates et al. (1973) [12].
Proline was extracted from 100 mg dry weight
(DW) of leaf samples with 2 mL of 40 % methanol.
Next, 1 mL of the extract was mixed with 1 mL of a
mixture of glacial acetic acid and orthophosphoric
acid (6 M) (3:2, v/v) and 25 mg ninhydrin. After 1 h
incubation at 100 °C, the tubes were cooled and 5
mL of toluene was added. The absorbance of the
upper phase was spectrophotometrically measured
at 528 nm.
The soluble carbohydrates. The soluble
carbohydrates were extracted with ethanol (80 %).
The glucose and fructose contents were analyzed by
reacting 0.5 mL of extract with 2.5 mL of freshly
prepared anthrone (150 mg of anthrone + 100 mL
of H2SO4) and for glucose analysis the mixture was
placed in a water bath at 95 °C for 5 min, while for
fructose the mixture was placed in a water bath of
40 °C for 30 min [13]. After cooling, the
absorbance at 625 nm was measured in a
spectrophotometer.

Enzyme extraction and assay. The frozen
callus tissues were kept at ±80 °C for further
analyses. Enzymes were extracted from 0.5 g of
callus tissue using a mortar and pestle, with 5 mL
extraction buffer containing 50 mM of potassiumphosphate buffer (pH 7.6) and 0.1 mM of disodium
ethylenediaminetetraacetate. The homogenate was
centrifuged at 15000 × g for 15 min, and the
supernatant fraction was used to assay for the
enzymes. All of the operations for the preparation
of the enzyme extractions were performed at 4 °C.
The SOD was assayed according to Cakmak and
Marschner (1992) [10], by monitoring the
superoxide radical-induced nitro blue tetrazolium
(NBT) reduction at 560 nm. One unit of SOD
activity was defined as the amount of enzyme that
causes 50% inhibition of the photochemical
reduction of NBT. The CAT activity was
determined by monitoring the disappearance of
H2O2. The APX activity was determined by
measuring the consumption of ascorbate by
following the absorbance at 290 nm. One unit of
APX activity was defined as the amount of enzyme
required to consume 1 μmole of ascorbate min±1.
The GR activity was determined by measuring the
enzyme-dependent oxidation of NADPH by
following the absorbance at 340 nm. One unit of
GR activity was defined as the amount of enzyme
that oxidized 1 μmol of NADPH min±1.

Statistical analysis. Statistical analysis: The
experiment was designed as a completely
randomized plot with 15 replicates. Data were
analyzed statistically and the means of each
treatment were analyzed using the SAS software
(1985). The means were compared with Multiple
Range Tests (LSD) at a significance level of 0.05.
Data are shown as the mean ±standard deviation
(Sd) and in all figures error bars are representing
standard errors of the means.

RESULTS
Melon callus tissues obtained from the
cotyledons were subject to chilling stress for 8 days.
Chilling stress inhibited the growth of calli. The
growth of callus tissues in all of the melon
genotypes decreased significantly with chilling
stress (Figure 1a). The highest reduction in the
callus weight was observed in the CU-40 and C-252
genotypes compared with the CU-159 and CU-196
due to chilling stress. At the end of day 8, the
decrement was 19% and 27% in the CU-40 and
CU-252 genotypes; however, it was 10% and 8% in

Lipid peroxide content (MDA). Lipid
peroxidation was measured as the amount of
malondialdehyde (MDA) determined by the
thiobarbituric acid (TBA) reaction [11]. Frozen
samples were homogenized in a prechilled mortar
with 2 volumes of ice-cold 0.1% (w/v)
trichloroacetic acid (TCA) and centrifuged for 15
5774
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FIGURE 1
Response of the callus fresh weight (a) of the melon genotypes and changes in the MDA content (b) in the
callus of 4 melon genotypes treated for 4 and 8 days with chilling stress.
than in the stress-sensitive ones. In this study, the
proline content increased in all of the melon
genotypes under chilling conditions. However, this
increase was significantly higher in the tolerant
melon genotypes when compared to the sensitive
ones (CU-40 and CU-252). Thus, proline acts as an
osmolyte as well as an osmoprotectant under stress
conditions [18]. The tolerant genotypes may
provide osmotic adjustment and scavenging free
radicals by increasing the synthesis of proline.
The endogenous concentration of soluble
carbohydrates (glucose and fructose) was
determinate in the stressed and unstressed melon
callus. The glucose concentration showed a
different pattern between the stressed and
unstressed callus, but the highest value was
observed in the chilling-stressed ones. There was an
increase after 4 days of chilling stress, and this
increase reached a maximum value of 6.62 mg gí1
DW in the CU-159 callus and reached a minimum
value of 3.94 mg gí1 DW in the CU-252 callus. At
the end of the 8 days, the glucose concentration in
the tolerant genotypes increased by 70% and 80%,
respectively; however, in the sensitive genotypes,
this increase was 60% on average. The fructose was
essentially higher under chilling stress than in the
control conditions. After 8 days, the fructose
concentration increased by 74% and 95% in tolerant
genotypes (CU-159 and CU-196), while it increased
by 66% and 16% for the sensitive genotypes (CU40 and CU-252), respectively (Figure 2b and 2c).
Glucose, fructose, and sucrose are essential for
plant growth, maintenance and repair processes, and
plant survival, in addition to being major sources of
cellular energy. Carbohydrates, and more
particularly, polysaccharides like UDP-glucose, are
precursors of cell wall polysaccharides [19]. In
melon genotypes exposed to a chilling test, the
glucose and fructose contents increased when
compared to the controls. The increase that was
observed in the callus of the tolerant (CU-159 and
CU-196) genotypes on day 8 of the chilling stress
was 7.21 mg g±1 DW for the glucose and 6.44 mg g±
1
DW for the fructose (Figure 4 and 5).

CU-159 and CU-196 under chilling stress,
respectively.
As evidence of the lipid peroxidation caused
by the imposed chilling stress in all of the melon
genotypes, the MDA accumulation in the calli was
significantly increased (Figure 1b). Under chilling
stress, the concentrations of MDA increased after 4
days in the CU-40 and CU-252 genotypes, reaching
19.11 and 23.00 (482.85% and 562.82%) μmol g±1
FW by the end of day 8. On the other hand, the
increase in the MDA content was by 284.75% and
280.27% in the CU-159 and CU-196 genotypes
under stress conditions, respectively. Membrane
lipid peroxidation is caused by ROS, which results
in a reduction in the membrane fluidity and
selectivity. Lipid peroxidation, which is measured
as the MDA content, is accepted as an indicator of
the oxidative damage caused by stress [14]. Li et al.
(2011) [15] reported that chilling caused an increase
in the levels of MDA and ROS, limited the plant
growth, and resulted in a higher percentage of
withered cucumber leaves. Our results showed that
lipid peroxidation in the CU-159 and CU-196
(tolerant) genotypes were lower than in the CU-40
and CU-252 (sensitive) genotypes, which revealed
the more efficient antioxidative stress defense
mechanisms in the CU-159 and CU-196 genotypes.
The proline contents of the melon genotypes
were also increased due to the imposition of the
chilling stress. The proline concentrations in the
CU-159 and CU-196 genotypes increased by 402%
and 457% when compared to the controls. It was
only by 157% and 251% in the CU-40 and CU-252
genotypes, respectively (Figure 2a). Proline induces
a chilling tolerance in many chilling-sensitive plant
species. The increasing proline content also
increases the chilling tolerance, and the addition of
proline to the culture medium increases the chilling
tolerance of the callus [16]. Ashraf and Foolad
(2007) [17] indicated that, in many plant species
under stress, the accumulation of proline has been
related to stress tolerance, with its concentration
generally being higher in the stress-tolerant plants
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FIGURE 2
Changes in the proline (a), glucose (b), and fructose (c) content in the callus of 4 melon genotypes treated
for 4 and 8 days with chilling stress.
700



600

500
400
Control
300

Chilling

200

CAT ȝPROPLQ± 1 mg± 1 FW)

SOD (U min± 1 mg± 1 FW)

700



600

500
400
Control

300

Chilling

200

100

100
0
CU-40 CU-252 CU-159 CU-196 CU-40 CU-252 CU-159 CU-196

0

CU-40 CU-252 CU-159 CU-196 CU-40 CU-252 CU-159 CU-196

4th day

8th day



FIGURE 3
Changes in the SOD (a) and CAT (b) activity in the callus of 4 melon genotypes treated for 4 and 8 days
with chilling stress.
4th day

8th day

species (ROS). Antioxidant enzymes such as SOD,
APX, CAT, and GR are involved in the scavenging
of ROS [21]. There are several studies in the
literature that clearly demonstrate the enhanced
activity of various antioxidant enzymes under
stressful conditions [22]. Active oxygen species
such as H2O2 have a metabolism that may be
increased when plants are exposed to low
temperatures, depending on the relevant antioxidant
enzymes, such as SOD, CAT, APX, and GR. The
SOD enzyme actively changing oxygen radicals
(O2±) into H2O2 plays an essential role in the
cellular defense against damage caused by ROS [3].
The SOD enzyme, which is found in the
cytoplasm, chloroplast, mitochondrion, and
peroxisome, serves as the first line of defense

It has been observed that the glucose was more
effective than the fructose in the tolerant and
susceptible genotypes. It was suggested that glucose
could be responsible for stabilizing the membranes
in plant tissues and it also might act as a ROS
scavenger during chilling stress [20].
Chilling stress activated the antioxidant
system in the melon genotypes. The antioxidant
enzyme activities (SOD, CAT, APX, and GR) were
observed to increase in both the 4 and 8 day periods
after the application of chilling stress. One of the
main environmental factors that can affect the
quality and yield of crops is chilling stress, with the
main injury being related to the oxidative damage at
the cellular level [3]. These unfavorable outcomes
may stimulate the formation of reactive oxygen
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FIGURE 4
Changes in the GR (a) and APX (b) activity in the callus of 4 melon genotypes treated for 4 and 8 days
with chilling stress.
dehydroascorbate
by
NADPH-dependent
monodehydroascorbate radical reductase. The
against ROS through the dismutation of O2± into
dehydroascorbate is then reduced back into
H2O2 [15]. In this study, the SOD activity of the
ascorbate, either nonenzymatically by the reduced
CU-159 and CU-196 genotypes was higher than
glutathione or enzymatically, in a reaction caused
that of the CU-40 and CU-252 genotypes under
by dehydroascorbate reductase. NADPH-dependent
chilling stress (Figure 3a). In tolerant genotypes, an
GR then causes the resulting oxidized glutathione to
increase in SOD activity can aid in the reduction of
be converted back into its reduced form [25, 26]. In
the lipid peroxidation and play a significant role in
this study, the APX and GR activity in the callus of
its cellular defense against oxidative stress [23].
the chilling-stressed melon genotypes was greater
&$7 DOVR SOD\V DQ LPSRUWDQW UROH LQ D SODQW¶V
than that in the control groups. Moreover, this
tolerance to chilling and is extremely important for
increase was remarkable in the CU-159 and CUthe removal of H2O2 in C3 plants. The amount of
196 genotypes. Xu et al. (2014) [27] indicated that
active oxygen species may be increased by
the APX activities appeared to be positively
exposure to chilling, in both cold-sensitive and
FRUUHODWHGZLWKDJHQRW\SH¶VFKLOOLQJWROHUDQFH
cold-tolerant plants [3]. In the present research,
chilling stress increased the CAT activity in the
calli of all of the melon genotypes (Figure 3b).
Moreover, when compared to the sensitive CU-40
CONCLUSIONS
and CU-252 genotypes, the tolerant CU-159 and
CU-196 genotypes showed higher constitutive
In conclusion, our results showed that the
levels of CAT. These results showed that the level
levels of ROS and MDA increased by chilling
of CAT activity in the callus of the CU-159 and
stress, which caused a decreased rate of callus
CU-196 genotypes can be beneficial for scavenging
growth. The CU-159 and CU-196 melon genotypes,
H2O2. According to Xu et al. (2010) [3], the
which have salt- and drought tolerance, were better
predominant effects of CAT in the tolerance
able to perform under chilling stress than the
response to low temperatures is demonstrated by
sensitive (CU-40 and CU-252) genotypes. The
the increase in CAT activity.
damaging effect of chilling was at a lesser degree in
GR activity of the melon genotypes under the effect
the CU-159 and CU-196 genotypes, which use
of chilling stress increased, and after 8 days of
antioxidative defence systems effectively and have
chilling stress, they reached 5.21 and 4.17 μmol
significantly increased levels of enzyme activity.
min±1 mg±1 FW in the CU-159 and CU-196
The increase in the antioxidant enzyme and proline
genotype, respectively (Figure 4a). However, under
contents may have removed ROS more efficiently,
the same conditions, the GR activity of the CU-40
thus inducing a tolerance to chilling stress. The
and CU-252 genotypes was 3.27 and 3.79 μmol
UHVXOWVVXJJHVWHGWKDWDPHORQJHQRW\SHV¶WROHUDQFH
min±1 mg±1 FW. After 8 days of chilling stress, the
to abiotic stresses, such as a lack of water, high salt
APX activity in the CU-159 and CU-196 genotypes
levels, and substantially cold temperatures, can
increased by 265% and 167%. However, this
depend on the responses of its antioxidative system.
increase was only by 59% and 33% in the CU-40
and CU-252 genotypes, respectively (Figure 4b). In
the ascorbate-glutathione cycle, APX is a vital
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ELECTRICAL RESISTIVITY AND STRENGTH
PROPERTIES OF SODIUM SULFATE-CONTAMINATED
SOIL SOLIDIFIED WITH CEMENT
Zhiwei Song, Xiaoqiang Dong *, Wenpan Xu
College of Architecture and Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China

cement based, to hazardous wastes to induce
chemical fixation, physical adsorption, and physical
encapsulation of contaminants [3]. In the past
decade, most studies focused on heavy metals such
as Cr, Cu, Pb, Zn, and As [4±11]. Only a few
researchers, Han et al. [12], have investigated
inorganic pollution. Many abandoned chemical
factories must be reused because of decreasing land
area. Consequently, most abandoned lands contain
many types of contaminants, such as sodium
sulfate. Deep cement mixing technology is a
well-known method applied in engineering. Sodium
sulfate in cemented soil affects its mechanical
properties and durability. Based on the code [13],
applicability must be tested before using deep
cement mixing technology in contaminated sites.
In this study, we investigated the influence of
current frequency on electrical resistivity, and the
influence of age and sodium sulfate content on
unconfined compressive strength (UCS) and
electrical resistivity of cemented soil samples.
Based on the relation between UCS and electrical
resistivity, a prediction formula was developed to
calculate UCS using electrical resistivity and
current frequency. Finally, an evaluation standard
of the electrical resistivity of cement-solidified
sodium sulfate-contaminated soil was established.
This study contributes to the analysis of
foundations using traditional methods, enriches the
application field of the resistivity method, and
promotes the use of the resistivity method in
environmental geotechnical engineering.

ABSTRACT
A common method to stabilize and solidify
contaminated soil is to use a cement binder. To
predict the unconfined compression strength of
such treated soil, we developed a prediction
formula. For testing, five different contents of
sodium sulfate solutions mixed with silt and
ordinary Portland cement were selected as basic
materials to make cemented soil blocks. Electrical
resistivity under different current frequencies and
unconfined compressive strengths were measured
after curing the blocks for 3, 7, 14, 28, 60, and 90 d.
Results show that AC electrical resistivity decreases
with an increase in current frequency at all content
values. Strength and electrical resistivity increase
logarithmically with increasing age. With an
increase in content, strength varies with parabolic
function and electrical resistivity decreases
exponentially. The strength prediction formula was
established according to the linear relation between
strength and electrical resistivity. Based on the
degree of influence of sodium sulfate on the
strength of cemented soil, an evaluation standard of
electrical resistivity was established.

KEYWORDS:
Current frequency;
sulfate-contaminated
compressive strength

electrical resistivity; sodium
soil;
solidified;
unconfined

INTRODUCTION
MATERIALS AND METHODS
Many industrial activities produce wastes and
contaminants that reach the soil through direct
disposal, emissions, spills, leaks, and other
pathways [1]. Many remediation techniques have
been proposed and used to treat contaminated soil.
Stabilization/solidification is an established
remediation technology that uses cementitious
binders for the treatment of contaminated soils and
other hazardous wastes [2]. The technology
involves the addition of binders, mainly Portland

As a typical and representative soil, silt was
taken from a construction site in Taiyuan City,
China. The basic physical properties of the test soil
are summarized in Table 1.
The tested blocks of cemented soil were made
using this procedure:
Step 1. The soil was air dried, sieved through
a 2-mm sieve, and oven dried at 105 °C to a
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70.7, 70.7 mm respectively) and vibrated for 5 min.
After 24 h incubation, the cemented soil blocks
were removed from the molds, numbered, and
cured at 20 °C and 95% relative humidity.
Step 4. The cemented soil was cured for 3, 7,
14, 28, 60, and 90 d. Then the AC electrical
resistivity of the cemented soil was measured using
a TH2828A wide-frequency digital electric bridge
at frequencies of 50, 102, 5 × 102, 103, 5 × 103, 104,
5 × 104, 105, 5 × 105, and 106 Hz [14]. Finally, the
UCS of the cemented soils was tested, with a
maximum load of 100 kN and a loading speed of
2 mm/min.

constant weight. At the same time, 5 different
sodium sulfate solutions (0, 2.5, 5, 10, and
20 g·kgí1) were prepared. The content was equal to
the mass of the sodium sulfate divided by the mass
of the dried soil.
Step 2. The dried soil was mixed with
different contents of sodium sulfate solutions at a
dried-soil-to-solution mass ratio of 1:0.345. Then
the contaminated soil was placed in a sealed
container for 7 d.
Step 3. The contaminated soil was mixed with
ordinary Portland cement (grade 42.5) at a
contaminated-soil-to-cement mass ratio of 9:1. The
mixture was placed in steel molds (W, H, L = 70.7,

TABLE 1
Basic properties of the soil used in this study
Particle diameter (mm) and proportion
0.5±0.25
<0.005

0.25±0.075
<0.005

(a)

0.075±0.05
20.3%
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FIGURE 1
Relations between AC electrical resistivity ȡand current frequency f in different contents over various
curing durations. (a) 3 d. (b) 7 d. (c) 14 d. (d) 28 d. (e) 60 d. (f) 90 d.

5781

© by PSP

Volume 25 ± No. 12a/2016, pages 5780-5785

Fresenius Environmental Bulletin

promotes the hydration of cement and produces
more cementing substances. At w = 10 g·kgí1, the
soil pores had been filled and the particles of soil
had been cemented completely; therefore, qu was
maximized. However, as the sodium sulfate
increased above that amount, the volume of the
cemented soil increased, cracks appeared, and the
strength decreased until completely destroyed.

RESULTS AND DISCUSSION
Influence of measurement frequency. Figure
1 shows the relation between the AC electrical
resistivity ȡand the current frequency f in different
contents of sodium sulfate solutions (0, 2.5, 5, 10,
and 20 g·kgí1) over curing durations of 3 d to 90 d.
At every duration, the AC electrical resistivity ȡ
decreased with the increase in the current frequency
f in all content values. In the range of frequencies
from 50 Hz to 106 Hz, ȡ rapidly decreased when
f  5 × 104 Hz, whereas ȡ gradually decreased when
f > 5 × 104 Hz. When the curing duration was 90 d
and the content was 0 g·kgí1, ȡ(50 Hz) = 14.671 āP
and ȡ(106 Hz) = 10.498 āPNotably, the difference
between ȡ(106 Hz) and ȡ(50 Hz) was 39.8%.
Therefore, the influence of current frequency on
electrical resistivity should be considered,
especially under a longer curing duration and a
lower content. A current frequency range of
5 × 104 Hz to 106 Hz is recommended to reduce the
error resulting from the slight variation in current
frequency. In this range, the higher the current
frequency, the smoother the electrical resistivity. In
this experiment, electrical resistivity was measured
and analyzed at 5 × 104 Hz.

7
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10
20
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5
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4
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80
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FIGURE 2
qu correlated with t

TABLE 2
Corresponding equations between qu and t

Correlations between UCS and age. qu
correlated with t. The correlations between UCS
qu of cemented soil blocks and age t under different
contents w are shown in Figure 2. The
corresponding equations are listed in Table 2.
Under the same concentration, qu increased
logarithmically with the increase in t. In addition,
all correlation coefficients were greater than 0.975.
The sodium sulfate content did not change the
variation trend of qu with t. The strength of
cemented soil mainly results from 2 parts of the
cementation of hydrate: the cement itself and the
reaction of rigid coagulation between calcium
hydroxide and active substances in the soil. The
cement itself composes most of the strength of
cemented soil. Hydration continues with time, and
it causes the UCS of cemented soil to increase
logarithmically with the increase in age.

Content
(g·kgí1)

qu = a í b·ln(t + c)
a

b

c

R2

0

-1.478

-1.266

5.724

0.997

2.5

-1.080

-1.219

4.091

0.997

5.0

-0.821

-1.203

3.514

0.987

10.0

-0.669

-1.319

3.481

0.985

20.0

-3.629

-1.926

12.049

0.975

8

Age (day)
3
28

7

7
60

14
90

(0Pa)

6
5
4

q

u

qu correlated with w. Figure 3 shows the
correlation between the UCS qu of cemented soil
and the sodium sulfate content w. The
corresponding equations between qu and w are
listed in Table 3. With the increase in w, qu first
increased and then decreased with a parabolic
function. The highest value of qu was reached when
w =10 g·kgí1. All the UCSs of cemented
contaminated soil were higher than those of
cemented noncontaminated soil. The results
indicate that sodium sulfate plays a strength role.
Given a sulfate ion environment, sodium sulfate

3
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1
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)

FIGURE 3
qu correlated with w
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the channels for conduction decreased; therefore,
the resistivity of the cemented soil increased.
Comparing Figures 2 and 4, a similar relation can
be observed between qu and t and between ȡ and t
under the same content. Therefore, we can conclude
that qu and ȡ may have a direct connection with
each other. This trend provides the possibility of
representing qu using ȡ.

TABLE 3
Corresponding equations between qu and w
qu = a + b·w + c·w2
Age (d)
3
7
14
28
60
90

16

a

b

c

R2

1.148
1.742
2.222
2.820
3.699
4.241

0.075
0.131
0.112
0.155
0.140
0.140

-0.002
-0.006
-0.005
-0.006
-0.004
-0.005

0.784
0.819
0.886
0.626
0.940
0.822

ȡ correlated with w. The correlation between
the electrical resistivity ȡ of cemented soil and the
sodium sulfate content w are plotted in Figure 5.
The regression equations are listed in Table 5.
Notably: (1) For cemented soil blocks of the same
age, their electrical resistivity decreased
exponentially with an increase in sodium sulfate
content and showed better relevance. The higher the
content was, the higher the conductivity and the
lower the electrical resistivity. (2) For cemented
soil of the same age, their electrical resistivity had a
trend similar to that of the UCS. (3) The electrical
resistivity of the cemented soil was sensitive to a
change in sodium sulfate content, especially at a
lower content. These findings further verify that the
electrical resistivity method can be used to detect
the contamination of cemented soil.
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Corresponding equations between ȡ and t
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8
6

ȡ = a í b·ln(t + c)

Content
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a

b

c

R2

0
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-537.825
-850.448
-1172.276
-62.016
-30.787

-76.104
-118.317
-158.254
-13.296
-7.704
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0.97105
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FIGURE 5
ȡcompared with w

ȡ correlated with t. The correlation between
the electrical resistivity ȡof cemented soil blocks
and their age t under different contents w are shown
in Figure 4. The corresponding equations are listed
in Table 4. Notably, (1) under the same content, ȡ
increased logarithmically with the increase in t and
all correlation coefficients were greater than 0.9,
and (2) sodium sulfate did not change the variation
trend of ȡ with t. With the increase in curing time,
hydration, and hydrolysis of cement, the tubular
fiber of cement calcium silicate kept growing and
congested the pores of the cemented soil. Then the
void ratio decreased, compactness increased, and

TABLE 5
Corresponding equations between ȡ and w
Age (d)
3
7
14
28
60
90

5783

ȡ = a·exp(b·w)
a

b

R2

5.078
6.052
6.495
7.516
8.548
12.051

-0.079
-0.076
-0.054
-0.030
-0.021
-0.019

0.872
0.886
0.911
0.843
0.968
0.836

Volume 25 ± No. 12a/2016, pages 5780-5785

© by PSP

Fresenius Environmental Bulletin

TABLE 6
Evaluation standard of the electrical resistivity of cement-solidified sodium sulfate-contaminated soil
w

Effect degree

f (Hz)

(g.kg±1)

ڹqu

50

102

500

103

5000

104

5×104

105

5×105

106

ȡ ȍāFP


Slight



5%
Moderate

~

Strong



















11.86

11.54

11.17

11.07

10.86

10.79

10.58

10.46

10.12

9.83

~

~

~

~

~

~

~

~

~

~

13.34

12.89

12.36

12.23

11.91

11.80

11.50

11.35

10.94

10.63

8.77

8.67

8.51

8.46

8.36

8.32

8.25

8.20

8.00

7.78

~

~

~

~

~

~

~

~

~

~

11.86

11.54

11.17

11.07

10.86

10.79

10.58

10.46

10.12

9.83

2±7

15%

Strength





7±20

the tested current frequency f, the resistivity
prediction formula of strength can be expressed as

The resistivity prediction formula of
strength. Based on the aforementioned test results,
the correlations between the UCS qu and the
electrical resistivity ȡ of cemented soil are
presented in Figure 6. The figure shows that qu
increased linearly with the increase in ȡ. The higher
the resistivity of cemented soil, the weaker its
conductivity, the worse the pore connectivity, and
the smaller the void ratio. Therefore, the
connections among the particles of cemented soil
become closer and the constitutive property
becomes stronger, thus leading to the strength
increase of cemented soil. This finding indicates
that using the electrical resistivity of cemented soil
to represent its UCS is an effective method that can
detect the quality of cemented soil expediently and
nondestructively.

qu = 1.4757 í 0.04977 × lgf + (0.22852 + 0.01
712 × lgf) × ȡ .
(1)
Evaluation standard of electrical resistivity.
According to the previously presented analysis,
sodium sulfate can strengthen the UCS of cemented
soil, and the variation of strength can be measured
by electrical resistivity. Table 6 shows the
evaluation standard of the electrical resistivity of
cement-solidified sodium sulfate-contaminated soil.
(1) When w was less than or equal to 2 g·kgí1,
sodium sulfate slightly increased strength by 
(2) When w was 2 g·kgí1 to 7 g·kgí1, sodium sulfate
moderately increased strength by  to 15%. (3)
When w was 7 g·kgí1 to 20 g·kgí1, sodium sulfate
strongly enhanced strength by . When w was
10 g·kgí1, strength reached the maximum value,
which was 1.46 times that of uncontaminated soil at
3 days.

6
y = 1.251 + 0.306x
5

qu (MPa)

4

CONCLUSIONS
3

(1) At every age of cemented soil, its AC
electrical resistivity decreases with an increase in
current frequency in all content values. At the range
of frequencies of 50 Hz to 106 Hz, ȡ rapidly
decreases when f  5 × 104 Hz, whereas ȡgradually
decreases when f > 5 × 104 Hz. The current
frequency range of 5 × 104 Hz to 106 Hz is
recommended to reduce the error resulting from the
slight variation in current frequency.
(2) With the same content, strength increases
logarithmically with an increase in age; correlation
coefficients are greater than 0.975. With an increase

2
1
0
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8
U (:m)
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FIGURE 6
qu correlated with ȡ

Taking the AC electrical resistivity ȡ of
cemented soil as the basic index and considering
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[6] Kim, J.G. and Dixon, J.B. (2002) Oxidation and
fate of chromium in soils, Soil Science & Plant
Nutrition, 48(4), 483-490.
[7] Kizilkaya, R. (2004) Cu and Zn accumulation in
earthworm Lumbricus terrestris L. in sewage
sludge amended soil and fractions of Cu and
Zn in casts and surrounding soil, Ecological
Engineering, 22(2), 141-151.
[8] Brown, S., Christensen, B., Lombi, E.,
Mclaughlin, M., Mcgrath, S., Colpaert, J., et al.
(2005) An inter-laboratory study to test the
ability of amendments to reduce the availability
of Cd, Pb, and Zn in situ, Environmental
Pollution, 138(1), 34±45.
[9] Kumpiene, J., Lagerkvist, A. and Maurice, C.
(2008) Stabilization of As, Cr, Cu, Pb and Zn
in soil using amendments ± a review, Waste
Management, 28(1), 215-225.
[10] Kogbara, R.B., Yaolin, Y. and Abir, A.T.
(2011) Process envelopes for stabilization /
solidification of contaminated soil using
lime±slag blend, Environmental Science &
Pollution Research, 18(8), 1286-1296.
[11] Hale, B., Evans, L. and Lambert, R. (2012)
Effects of cement or lime on Cd, Co, Cu, Ni,
Pb, Sb and Zn mobility in field-contaminated
and aged soils, Journal of Hazardous Materials,
s 199±200(2), 119-127.
[12] Han, P., Chen, Y.F., Shen, B. and Du, D.Y.
(2014) Experimental investigation of the
corrosion mechanism of cemented soils in
magnesium sulfate solution, Materials Testing,
56(9), 675-680.
[13] JGJ79. (2014) Technical code for ground
treatment of buildings, Architecture &
Building Press, Beijing, China.
[14] Dong, X.Q., Yang, G.H., Bai, X.H. and Park,
J.B. (2012) The alternating current impedance
characteristics of silty soil with various water
contents, Fresen. Environ. Bull., 21(2a),
433-440.

in content, strength first increases and then
decreases with a parabolic function. Strength
reaches the highest value at w = 10 g·kgí1.
(3) With the same content, electrical resistivity
increases logarithmically with an increase in age.
At the same age, the electrical resistivity of
cemented soil blocks decreases exponentially with
an increase in sodium sulfate content and shows
better relevance.
(4) A prediction formula for strength was
established according to the linear relation between
strength and electrical resistivity. Based on the
degree of influence of sodium sulfate on the
strength of cemented soil, we developed an
evaluation standard of the electrical resistivity of
cement-solidified sodium sulfate-contaminated soil.
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INVESTIGATION OF DEGRADATION OF PHENANTHRENE
BY BACILLUS CEREUS ISOLATED FROM ACTIVATED
SLUDGE AND COMPETITIVE INHIBITION KINETICS
Zhilin Yang1, Bo Li 1, Shizong Wang1, Qi Yang1,*, Yeyao Wang2
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2
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PAHs have low water solubility which results in their
poor biodegradability. Thus, lots of studies use
surfactants in PAHs degradation processes [6].
However, the use of surfactants may be toxic to
microorganisms [7]. Moreover, PAHs migrating to
municipal sewage are also treated by biological
method in municipal wastewater treatment plant.
Phenanthrene is often used as a model
hydrocarbon for studies on the metabolism of other
PAHs due to its smallest aromatic hydrocarbon to
KDYHDµµED\-UHJLRQ¶¶DQGDµµ.-UHJLRQ¶¶ [8]. A lot of
researches focused on kinetics and characteristics of
phenanthrene degradation of isolated microorganism
[9-12]. Keuth and Rehm isolated phenanthrene
degrading bacteria from a contaminated soil and
investigated the influence of phenanthrene
concentration on growth and degradation parameters
[13]. Terrazas-Siles et al. discussed characterization
of a white rot fungus Bjerkandera sp. strain on
phenanthrene degradation [14] . Enzymatic reaction
kinetics and competitive inhibition kinetics are very
important for investigating the interaction between
contaminants and bacteria. However, researches
emphasizing on enzymatic reaction kinetics and
competitive inhibition kinetics were scarce.
Therefore, the objectives of this study were to
isolate phenanthrene degraders from activated
sludge collected from membrane bioreactor and to
evaluate phenanthrene biodegradation efficiency.
The effects of various environmental factors such as
pH, temperature, nutrients and co-substrate on
phenanthrene biodegradation were examined.
Furthermore, enzymatic reaction kinetics and
competitive inhibition kinetics of isolated strain
were determined.

ABSTRACT
PAHs are ubiquitous in the environment. In this
study, Bacillus cereus strain was isolated from
activated sludge and used to degrade phenanthrene
under various abiotic factors. The results show that
strain B. cereus was able to degrade 1 mg/L of
phenanthrene within 48 h at pH 7.2 and 28ć. The
addition of nutrients can significantly enhance the
removal efficiency of phenanthrene, and the
presence of benzene or phenol showed little effect on
phenanthrene degradation. The Michaelis constants
and the maximum reaction rate obtained in the
system were 1.29 mg/L and 0.37 mg/L h, respectively.
In addition, naphthalene was a competitive inhibitor
for phenanthrene degradation, and the dissociation
constant of the enzyme-inhibitor complex KI was
0.42 mg/L.

KEYWORDS:
Phenanthrene;
Degradation;
Competitive inhibition

Enzyme

kinetics;

INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are
ubiquitous in the environment and consist of a group
of organic pollutants generated by the incomplete
combustion of organic materials [1-2]. PAHs have
received great environmental concern because of
their toxic, mutagenic and carcinogenic effects, and
16 PAHs have been listed as priority pollutants by
United States Environment Protection Agency [3].
These organic compounds can be eliminated from
the environment by physico-chemical methods such
as adsorption, volatilization, oxidation and
bioremediation. Bioremediation is an economical,
energy-efficient and environmental friendly
approach for the removal of organic pollutants [4-5].

MATERIALS AND METHODS
Materials. All chemicals were reagent grades.
Phenanthrene and naphthalene were purchased from
Aldrich and methanol was obtained from Fisher
5786
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ZHUHDPSOL¿HG LQDȝL PCR reaction consisting of
ȝL RIîEXIIHUȝL RIP0G173ȝL of
25 mM MgCl2, 1 ȝ/ of 30 ng/ȝL diluted DNA, 2 U
of Taq DNA polymerase and 20 ȝmol of each of
custom synthesized universal SULPHU SDLU I ¶AGA GTT TGA TCM TGG CTC AG-¶0 &Rr
$ DQGU ¶-TAC GGY TAC CTT GTT ACG
ACT T-¶< &RU7 FRPSOHPHQWLQJSRVLWLRQVWR
27 and 1510 to 1492 of Escherichia coli 16S rDNA
[16] and determined by the Sangon Biotech
(Shanghai) Company Limited. Amplification
program was carried out with initial denaturation
step of 5 min at 95 ć , this followed by a
denaturation step of at 94 ć for 30 s, an annealing
step at 52 ć for 30 s, and an extension step at 72 ć
IRUPLQ7KHWKHUPDOSUR¿OHWKHQFRQVLVWHGRI
cycles and ¿nal extension step was carried out at 72 ć
for 7 min using BIO-RAD C1000 Thermal Cycler
(Biorad, USA). Analysis of PCR products was
performed by 1.2% agarose gel electrophoresis.

Chemical Company. All media and glassware were
sterilized by autoclaving for 20 min at 121 oC prior
to use.
Solution preparation. A phenanthrene stock
solution of 25 g/L was prepared in 100% methanol.
The nutrient solution used in acclimated phase
consisted of (g/L): C6H12O6, 0.2-0.5; (NH4)2SO4,
0.15; KH2PO4, 0.025; NaHCO3, 0.16; MgSO4·7H2O,
0.024; FeSO4·7H2O, 0.006; CaCl2, 0.008.
The mineral salt medium (MSM) was used for
enrichment and isolation of phenanthrene degrading
strains, and it consisted of (g/L): (NH4)2SO4, 0.5;
KH2PO4, 1; K2HPO4, 1; MgSO4, 0.2; KNO3, 0.5;
CaCl2, 0.001 and 1 mL trace element solution. The
trace element solution comprised of (g/L):
FeCl2·4H2O, 1.5; NiCl2·6H2O, 0.024; CuCl2·2H2O,
0.002; CoCl2·6H2O, 0.19; Na2MoO4·2H2O, 0.024;
ZnCl2, 0.07; H3BO3, 0.006. Mineral salt medium was
adjusted to pH 7.2 using 1% HCl and 1% NaOH.
Yeast extract liquid medium: mineral salt
medium, 0.1 g/L of yeast extracts and adjusted to pH
7.2 using 1% HCl and 1% NaOH.

Phylogenetic analysis. The sequences
obtained in this study were compared with the 16S
rDNA sequences deposited in public databases using
the BLASTTM search program. The 16S rRNA gene
sequences of various bacteria (including those
closely related to the unknown sequences, as
indicated by the BLAST search) obtained from the
GenBank database were aligned by means of
ClustalXTM. Phylogenetic trees were constructed by
the neighbor-joining method using the MEGA
version 4.0 [17].

Enrichment and isolation of phenanthrene
degraders. Phenanthrene degraders used in the
experiment were isolated from activated sludge
collected from membrane bioreactor. Acclimation
was carried out in 250 mL serum bottle by adding
phenanthrene methanol solution and nutrient
solution under shaking condition at 150 rpm at 28 oC.
Concentration of glucose was continuously reduced
while phenanthrene concentration was gradually
increased in the acclimated process. After six months
of acclimation, 200 mL activated sludge were
washed three times using distilled water, and
centrifuged at 4000 rpm for 10 min, and then
resuspended in 100 mL phosphate buffer in pH 7.2.
For isolation of phenanthrene degrading
microorganisms, a quantity of activated sludge was
added into 100 mL sterilized MSM containing
crystal phenanthrene in flask. Flask was shaken with
a speed of 150 rpm at 28 oC for five days. Thereafter,
part of the enriched culture was transferred to
another 100 mL fresh MSM containing solid
phenanthrene for the second enrichment. The
enrichment was repeated five times. The cultures
were appropriately diluted and plated on plates that
containing a thin layer of phenanthrene as sole
carbon source. Plates were incubated at 28 oC. Based
on the zone around the inoculated region and
morphological
characteristic,
phenanthrene
degraders were isolated [15].

Biodegradation experiments. The isolated
pure culture grown on liquid Luria-Bertani (LB) for
one day at 28 oC was harvested by washing three
times using MSM, centrifuging at 3000 rpm for 15
min. Cell suspension was stored at 4 oC for further
degradation experiment. Counts of organism were
made by the spread-plate technique after cultures
were diluted in sterile water.
Degradation experiments of phenanthrene were
performed in 500 mL Erlenmeyer flasks containing
250 mL MSM amended with quantified
phenanthrene and incubated in a rotary shaker. The
experiment was initiated by inoculating 10 ml
cultures into the flask. The effect of pH, temperature,
initial phenanthrene concentration, nutrients and cosubstrate on the biodegradation of phenanthrene
were investigated. Flasks either with no microbial
inoculum or crude intracellular enzyme extracts
were set as control to determine abiotic loss of
phenanthrene. At each sampling time, 1 mL of
bacterial culture was sampled. The phenanthrene
was extracted with 3 mL methanol in a shaker for 15
min. After that, samples were collected by filtering
WKURXJKȝP7HIORQILOWUDWLRQPHPEUDnes.

PCR and fractionation of 16S rRNA genes.
The dilution-plate method and streak plate method
were used to isolate and purify of bacteria. The 16S
rRNA genes of one Gram positive strain named P-2
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© by PSP

Volume 25 ± No. 12a/2016, pages 5765-5794

Fresenius Environmental Bulletin


Extraction of intracellular enzymes. To
determine the enzyme kinetics, pure culture grown
on liquid Luria-Bertani (LB) for two days at 28 oC
was washed three times using Tris-HCl buffer
solutions (pH 8.0), centrifuged at 6000 rpm for 15
min, and resuspended in Tris-HCl buffer solution.
Then, bacteria suspension was sonicated for 30 min
in ice bath at pulse 1.0. Whole cells and large debris
were removed from the solution by 20 min
centrifugation (22000 rpm at 4 oC) and the
supernatant was used for enzymatic experiments
[18].
FIGURE 1
Oxygen consumption curve of different
concentrations of phenanthrene degraded by
activity sludge

Enzyme kinetics and competitive inhibition
kinetics. Experiments were carried out in 16 mL
reaction vials containing 15 mL of mineral salt
medium, substrate and inhibitor. These reaction vials
were incubated under shaking condition at 150 rpm
and 28 oC. Reaction lasted for 5 h, and rates were
obtained based on the initial linear portion of the
degradation curves. These vials were filtered through
ȝP7HIORQ ILOWUDWLRQ PHPEUDQHV for sampling.
The sample was measured by HPLC after filtration.
The apparent Michaelis constants Km were
determined from the Lineweaver±Burk plots for
each inhibitor concentration.

Isolation and purification of bacteria. The
best phenanthrene degrading bacteria strain P-2
isolated was rod-shape. The length of cells was
between 2 and 5 ȝm with the diameter of 0.4-0.6 ȝm.
The nearly complete 16S rRNA gene sequence of
strain P-2 indicated that the bacterium belonged to
the Bacillus genus. Strain P-2 showed the highest
homology to the known bacteria Bacillus cereus with
99% sequence similarity. Many studies pointed out
that Bacillus as a genus was able to degrade a variety
of aromatic compounds, such as benzene,
naphthalene, phenanthrene and 2,4-dichlorophenol
[19-22]. Dou et al. [23] have reported that a pure
bacterial culture of B. cereus was able to efficiently
biodegrade 150 mg/L of benzene under nitrate
reducing conditions. Banerjee et al. [24] isolated two
strains of B. cereus named AKG1 and AKG2 from
the wastewater of Indian Oil Corporation Limited,
showing the ability to tolerate 800 mg/L and 200
mg/L of phenol, respectively. However, there are few
reports describing the optimum conditions on PAHs
degradation and analysis of enzyme kinetics of
phenanthrene degradation by B. cereus [25-27].

Analytical methods. Residual concentration of
phenanthrene and naphthalene were determined by
HPLC equipped with UV detector at 250 nm and 254
nm, respectively. The chromatographic separation
was performed on a SunFireTM C18 chromatographic
FROXPQ î PP SDUWLFOH VL]H  ȝP  ZLWK Dn
isocratic mobile phase of methanol and water (90:10,
v/v), isocratic run for 10 min at D ÀRZ UDWH RI 
mL/min.

RESULTS AND DISCUSSION
Degradation of phenanthrene by the
acclimated sludge. After six months of acclimation,
the ability of microorganisms degrading
phenanthrene was improved. Fig. 1 reflects the
behavior of cumulative oxygen consumption in the
time course at different phenanthrene concentrations.
Results presents that all cumulative oxygen
consumption curves were over the endogenous
respiration curve, and about 82.2, 159.3, 237.0,
302.4 and 353.2 mg O2/g VSS were obtained for the
phenanthrene concentration ranging from 0.2 to 1.2
mg/L.

Degradation of phenanthrene under
different conditions. The effect of different
conditions on the degradation of phenanthrene was
investigated. The loss caused by the abiotic action
can be negligible due to the fact that in control
experiments the maximum abiotic loss of
phenanthrene was only 1.1% (data was not shown).
Effect of pH. Several studies have revealed that
the growth of microorganisms favored at pH ranging
from 6.0 to 8.0 [28]. The medium pH was adjusted
by different proportions of potassium dihydrogen
phosphate and dipotassium hydrogen phosphate
buffer solution. Fig. 2 exhibits that degradation
efficiency was not related to pH when the pH of
5788
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for phenanthrene degradation was 20 oC and 25 oC.
At 30 oC, the removal efficiency decreased, probably
caused by the fact that lower temperature lowes the
activity of enzyme. Diffusion rates increased at
higher temperature generating a positive impact on
bioavailability. The increase of temperature from 28
to 35 oC may cause a reduction of oxygen solubility,
thereby causing a reduction of the metabolic activity
of aerobic microorganisms [29]. And the fastest
degradation rates were observed in cultures
incubated at 28 oC.

culture medium ranged from 6.0 to 8.4. Degradation
of phenanthrene started at zero-time and reached its
maximum rate within 2 h. Over 80% of phenanthrene
was eliminated within 20 h no matter how the pH is.
The lowest residual concentration of phenanthrene
was found at pH 7.2. Thus, initial pH 7.2 was the
optimum pH for B. cereus. Banerjee et al. also
reported that the optimum pH for the degradation of
phenol by B. cereus MTCC 9817 and B. cereus
MTCC 9818 were 7.0 and 7.5 [24], which is in the
same range with that obtained in this study.

Effect
of
initial
concentration
of
phenanthrene. To test the effect of initial
concentration on the phenanthrene degradation,
experiments were performed in MSM at pH 7.2 and
28 oC, where strain B. cereus had the highest
phenanthrene degradation efficiency. Fig. 4
indicated that as the initial concentration of
phenanthrene increased from 0.19 to 1.14 mg/L, the
remaining concentration of phenanthrene increased
from 2.4% to 44.1% after 10 h. However, the
removal rate of phenanthrene within the same time
interval increases with the increase of the initial
phenanthrene concentration. Initial concentration
provides an important driving force to overcome
mass transfer resistances of phenanthrene between
the aqueous and cell surface [30]. However, the
removal efficiency of phenanthrene decreases at later
stage, which may be attributed to the depletion of
substrate and the increasing of metabolites [31].

FIGURE 2
Effect of pH (temperature: 28 oC; initial
phenanthrene concentration: 0.85 mg/L.) on
degradation of phenanthrene.

FIGURE 3
Effect of temperature (pH: 7.2; initial
phenanthrene concentration: 0.85 mg/L.) on
degradation of phenanthrene.

FIGURE 4
Effect of initial phenanthrene concentration
(temperature: 28 oC; pH: 7.2) on degradation of
phenanthrene.

Effect of temperature. Fig. 3 shows the effect
of temperature on the biodegradation of
phenanthrene. As the temperature increased from 10
to 35 oC, the removal efficiency reached 36.7%,
80.6%, 100%, 100% and 94.6%, respectively. Based
on the removal efficiency, the optimum temperature

Effect of
nutrients. To investigate
phenanthrene degradation efficiency with different
nutrients, two nutrients of glucose and yeast extract
were investigated. As observed in Fig. 5, the
presence of glucose and yeast extract increased
phenanthrene degradation. When yeast extract was
5789
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added, phenanthrene concentration dropped to 78.5%
at 4 h and further down to 100% after 6 h, probably
caused by the fact that glucose or yeast extract
provided an easier utilizing carbon source, which
enhanced the microbial activity [32-33].

FIGURE 6
Effect of different organic compounds (initial
phenanthrene concentration: 0.86 mg/L;
temperature: 28 oC; pH: 7.2; benzene, phenol
and naphthalene concentration were 50 mg/L.)
on degradation of phenanthrene.
FIGURE 5
Effect of different nutrients (initial
phenanthrene concentration: 1.14 mg/L;
temperature: 28 oC; pH: 7.2; glucose and yeast
extract concentration were 50 mg/L.) on
degradation of phenanthrene.

Enzyme kinetics and competitive inhibition
kinetics. Biodegradation controlled by the enzymecatalyzed reactions, knowledge of the enzymatic
reaction kinetics is fundamental to identify favorable
reaction conditions and to enhance reaction
efficiency. The well-known Michaelis-Menten
enzyme kinetics is widely used to simulate the rate
at which enzymatic reactions occur. The equation is
as shown below:

Effect of co-substrate. Natural environment
was complex, so it was necessary to examine the
effect of other contaminants on phenanthrene
degradation. Their interactions may cause positive or
negative effecton phenanthrene degradation [34].
Benzene, phenol and naphthalene were chosen as cosubstrate because of their widely existence. As
shown in Fig. 6, the biodegradation kinetics of
phenanthrene in the presence of benzene and phenol
were similar to single phenanthrene. Addition of 50
mg/L naphthalene, the remaining percentage of
phenanthrene was 38.6% within 48 h. That suggested
that naphthalene may have competitive inhibition
effect on phenanthrene degradation. Previous study
indicated that the slow removal of an aromatic
substrate might be even more hindered by the
presence of another
polycyclic aromatic
hydrocarbon [35]. The decrease of degradation rates
in the presence of multiple substrates is probably due
to the formation of toxic metabolites and competitive
inhibition [36]. Competitive inhibition of
phenanthrene by naphthalene might affect the
potential use of isolates for bioremediation and
bioaugmentation.

v

Vmax [ S ]
Km  [S ]

(1)

Where [S] is the concentration of substrate
(mg/L), v is the rate of enzymatic reactions, Vmax is
the maximum rate (mg/L h) achieved by the system,
at maximum (saturating) substrate concentrations.
The Michaelis constant Km is defined as substrate
concentration at which the reaction rate is half of
Vmax. If another substance was similar to the substrate,
it will have an affinity for the active site of enzyme
where the substrate also binds, named as inhibitor.
The inhibitor acts as though it competes with the
substrate for binding to the enzyme. This is called
competitive inhibition: kinetic, the enzyme behaves
as though the binding of the substrate and inhibitor
are mutually exclusive.
Thus, taking the reaction of inhibitor and the
enzyme into account, the Michaelis-Menten kinetics
modification to:

v

Vmax [ S ]
§ [I ] ·
K m ¨1+
¸  [S ]
© KI ¹

(2)

The Lineweaver-Burk equation for competitive
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is:

K § [I ] · 1
1
 m ¨1 
¸
Vmax Vmax © K I ¹ [ S ]

1
v

1
v

1
Vmax



K mI 1
Vmax [ S ]

(3)

(4)

Where
§ [I ] ·
Km
(5)
[I ]
K m ¨1 
¸ Km 
KI
© KI ¹
[I] is the concentration of inhibitor (mg/L); KmI
was the Michaelis constant in competitive inhibition
equation (mg/L); and KI is the dissociation constant
of the enzyme-inhibitor complex (mg/L). According
to Eq. (4), a linear plot of 1/v versus 1/[S] for
phenanthrene biodegradation by B. cereus was
constructed to generate KmI/Vmax value from the slope.
The intersection with the longitudinal axis was
1/Vmax and intersection with the horizontal axis was 1/KmI. A plot of 1/v versus 1/[S] under four different
inhibitor concentrations of naphthalene was
illustrated in Fig. 9. In the special case where [I]
equals zero, Eq. (2) transformed to MichaelisMenten equation.
A plot of KmI as a function of inhibition
concentration [I] yields a straight line, as shown in
Fig. 10, from which Km and KI were calculated from
intercept Km and slope Km/KI of the line, respectively.
K mI

FIGURE 8
Relationship between the Michaelis constant in
competitive kinetics KmI and the concentration of
inhibitor [I]

In Fig. 7, KmI values increased and Vmax values
have little change when the inhibitor concentration
increased. This double reciprocal plot suggested that
the inhibitor type is competitive inhibition reaction
between naphthalene and phenanthrene catalyzed by
crude enzyme extract. In Fig. 8, Km and [I] were a
linear relationship, indicating that naphthalene and
phenanthrene was linear competitive inhibition of
the enzyme active site. When the inhibitor binds to
enzyme, it formed the EI complex. However, the
inhibitor reversibly combines to enzyme and when
more substrates are added, the inhibition is reduced
by pulling the enzyme free via the breakdown of the
EI complex [37]. According to Eq. (4), results of
linear regression analysis gave an estimation of Km,
KI and Vmax to be 1.29 mg/L, 0.42 mg/L and 0.37
mg/L h, respectively.

CONCLUSIONS
Strain B. cereus isolated from activated sludge
was able to degrade low levels of phenanthrene
effectively. The optimum condition for phenanthrene
degradation was pH 7.2 and 28 oC. The addition of
yeast extract and glucose into the MSM is an
effective way to enhance biodegradation efficiency.
Kinetic analyses were used to demonstrate
competitive inhibition of phenanthrene degradation
by naphthalene, the dissociation constant of the
enzyme-inhibitor complex KI was 0.42 mg/L. As a
result, strain B. cereus can be an alternative
microorganism with the ability of degrading
phenanthrene in the environment.

FIGURE 7
Reciprocal plot of enzymatic reactions rate on
different inhibitor concentrations as a function
of substrate concentration with linear regression
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ABSTRACT

NOMENCLATURE

The effects of SO2 emission, which is one of
the most important emission gases caused by ships
passing through Strait of Istanbul are investigated
numerically by means of environmental effects. The
numerical analyses are performed by using a
commercial CFD (Computational Fluid Dynamics)
code solving RANSE (Reynolds Averaged NavierStokes Equations). A 100 meters heighted air zone
over the Strait of Istanbul is modeled in 3-D and
analyses are carried out for unsteady and steady
cases and different wind directions. SO2 emission
distributions at different heights are obtained. The
numerical results gathered by statistical data provide
a basis for the authorities in taking precautions,
setting up regulations and applying the related
regulations of MARPOL Annex VI. The method
used for emission estimation in Strait of Istanbul can
also give short-term predictions for different
scenarios.

Um :

mixture density

o

Q k : velocity of phase k
o

Q m:

mass-averaged velocity
:
effective
conductivity
keff

Dk :

T

volume fraction of phase k

: temperature

U k : density of phase k
SE :
o

g:

volumetric heat sources
acceleration of gravity

k : turbulence kinetic energy
o

Q dr ,k : drift velocity of secondary phase k

H : rate of turbulence dissipation
p : pressure
Pt ,m : turbulent viscosity
Pm :

viscosity of the mixture

V k : Prandtl number for kinetic energy
o

F

: body force
Prandtl number for dissipation

VH :

n : number of phases
KEYWORDS:
CFD, emission, Strait of Istanbul, RANSE

Ek :

sensible enthalpy of phase

Gk ,m : production of turbulence kinetic energy

ABBREVIATION LIST

INTRODUCTION

CFD: Computational Fluid Dynamics
NOx: Nitrogen Oxide
RANSE: Reynolds Averaged Navier-Stokes
Equation
SOx: Sulphur Oxide
MARPO: Marine Pollution
PM: Particulate Matter
IMO: International Maritime Organization
CO2: Carbon Dioxide
SHODB: Office of Navigation, Hydrography and
Oceanography MSD: Medium speed diesel
DTO: Turkish Chamber of Shipping
SSD: Slow speed diesel

Strait of Istanbul is a globally important inland
sea region which is connecting two continents. It is
the most crowded and dangerous strait after Strait of
0DODFFD6WUDLWRI,VWDQEXO¶VWUDIILFGHQVLW\LVWLPHV
of Suez Canal, 4 times of Panama Canal by means of
international sea traffic and it is increasing every
day. The ships passing through Strait of Istanbul
emit harmful air pollutants which effect the
atmosphere. Because the coast is highly urbanized,
the ship emissions effect human health seriously.
Ship emissions are increasing with a great
speed globally and have significant effect on the air
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quality of land and sea. These emissions cause
serious health problems and environmental effects.
Territorial waters, inland seas and ports are the
places which are effected mostly from the emissions.
IMO has proposed a regulation called MARPOL
73/78 Annex 6 to control the pollution caused by
exhaust emissions from the ships. The regulations
for the most important emission gases NOx and SOx
have been given in Regulation 13 and 14 by IMO [1]
in order to prevent the air pollution.
Emissions caused by ships are rapidly
increasing in all over the world and these emissions
have been triggering the air pollution [2], [3].
Emissions from the ships mainly consist of Nitrogen
Oxide (NOx), PM (Particulate Matter), Sulphur
Oxide (SOx), Carbon Dioxide (CO2) and other
pollutants. The exhaust gases released from the ships
contain hazardous gases and particles. Especially
diesel exhaust emissions contain about 450 different
compounds [4]. According to Clean Air Task Force,
these diesel emission compounds cause 21000
premature deaths in the United States [5]. Especially
NOx and SOx emissions which effect the ozone layer
and cause acidification are important for air
pollution [6]. Endresen et al. reported that 2.9% of
the total atmospheric sulfate emission is caused by
the ship emissions [7]. Some other reports have
mentioned that the ship emissions have an important
impact in global air pollution [8], [9].
Apart from these studies, some other researches
have been done for different regions worldwide. For
LQVWDQFH/OR\G¶V5HJLVWHURI6KLSSLQJHVWLPDWHGWKH
emission amounts in the north-eastern Atlantic
Ocean as 1.37 and 1.94 million tons per year,
respectively. According to Onagawa, SOx and NOx
emissions in Tokyo Bay are 33% and 14% of the
total emissions, respectively [10]. Saxe and Larsena
determined that NOx emissions from the vessels
have reached a serious amount in Danish ports [11].
Another emission estimation is about the European
Seas (Baltic Sea, North Sea, the north-east Atlantic
and Mediterranean) where the emission amounts of
SO2 and NOx are 2.6 and 3.6 million tons,
respectively in year 2000 [9]. In the United States,
NOx and SO2 emissions are 4% and 8% respectively
in total emissions caused by transportation in the
whole country [12]. Estimations with a fuel-based
and activity-based methodology for Greece are
carried out by Tzannatos [3]. According to this
study, CO2 emissions caused by shipping have
reached 12.9 million tons (of which 12.4 million tons
of CO2) in year 2008. NOx emission is about 317
thousand tons while SO2 and PM emissions are about

Fresenius Environmental Bulletin

175 and 73 thousand tons, respectively.
The ship emissions in Marmara region occur as
11% of NOx, 0.1% of CO and 0.12% of PM of total
emission in Turkey. Ship born emissions occur as
46% of NOx, 25% of PM and 1.5% of CO of traffic
emissions in Turkey [2]. So the amount of ship
emissions is greater than the railway and
aeronautical emissions. NOx and SO2 emission
amounts in Strait of Istanbul are 7295.5 and 6062.5
tons per year between 2006-2009, respectively.
Main studies about the pollution caused by ship
emissions for the Marmara Region consist of
statistical investigations of the pollution caused by
NOx and SOx emissions around the Marmara Sea [2]
and emissions predictions in the Turkish Straits [13].
In this paper, it is aimed to investigate the
effects of exhaust emissions on the environment
caused by ships passing through Strait of Istanbul by
numerical methods. The most important emissions
emitted from the ships are NOx and SOx. In this
study, SO2 emission is taken into account as a
derivation of SOx emissions. During the calculation
of SO2 emission; main engine types, pollutant types
and fuel types are taken into account by using the
methodology described by Trozzi and Vaccaro [14].
The statistical data about ship numbers passing
through the Strait of Istanbul is gathered from the
annual sector report of the Turkish chamber of
shipping [15].
A 100 meters heighted air zone over Strait of
Istanbul is modeled in 3-dimensional and analyses
are carried out for unsteady and steady cases. In
unsteady analysis, the dissipation of SO2 emission is
investigated for 12 hours with a wind velocity of 1
m/s from north to south. In steady analyses, the
dissipation is investigated for north to south and
south to north for the sane wind velocity. In the
steady analyses, the SO2 emission dissipation is
observed in heights of 10, 50 and 100 meters from
sea surface. Also 10 meters of height, SO2 emission
values are given for important locations in both sides
of the strait. The results are presented as volume
fraction contours of SO2.

GEOGRAPHICAL, CLIMATIC FEATURES
AND AIR POLLUTION OF THE STRAIT OF
ISTANBUL
Strait of Istanbul has a length of 31 km between
the altitudes of 41o¶¶¶1DQGo¶¶¶1WKH
longitudes of 28o¶¶¶ ( DQG o¶¶¶ ( The
traffic density in the strait is increasing every year.
In 1936, which Montreux Convention is signed in,
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4500 ships were passing through the strait annually.
Nowadays, approximately a total number of 50000
ships are passing through the strait yearly. Its
irregular geometry effect the sea traffic in a negative
way. Istanbul Strait is a corrugated strait having an
average depth of 35 m and an average breadth of 1.5
km. The narrowness due to the geometry of the strait,
corrugated and shallow areas effect the sea traffic
and make the cruise of the ships difficult [16].
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calculated using the data of DTO [15]. The emission
amounts per year are calculated by taking into
account the engine types, fuel types and pollutant
types with the methodology of Trozzi and Vaccaro
[14]. The annual variation of ship emissions by years
in Istanbul Strait is given in Table 2.

TABLE 1
The distribution of the ships passing through
Istanbul Strait [15].

2009
Month

Years
2008 2007

2006

Ship number

3624 3949 4305 3677
January
3407 4029 4364 3518
February
4381 4904 4824 4542
March
4486 4890 4817 4857
April
4382 5014 5196 5081
May
4378 4909 4817 4789
June
4462 5064 4932 4829
July
4650 4988 4865 4985
August
September 4431 4570 4644 4710
4706 4479 4942 4599
October
November 4185 3816 4200 4478
December 4330 3784 4700 4815
51422 54396 56606 54880
Total

FIGURE 1
Satellite image of the Bosphorus [17]

TABLE 2
Annual variation of ship emissions by years in
Istanbul Strait.

There are two factors which compose the sea
traffic. One of them is the ships making transit pass
in the strait, and the other is the ships which are used
for public transportation in the strait. The ships
making transit pass are separated into two types as
the ships which are touching at a port in Marmara
Sea and which are not. The distribution of the ships
passing through Istanbul Strait for the years 2006 2009 is given Table 1. As connecting Black Sea to
Mediterranean and Asia to Europe, Istanbul Strait is
becoming more important by the increase in sea
transportation. Nonetheless, the sea traffic in the
strait in also increasing every day. The south winds
coming from Mediterranean and Aegean Sea and the
north, north-east winds coming from Black Sea are
effective in Istanbul Strait and around. The winds are
one of the most important factors that affect the sea
traffic in Istanbul Strait.
The world fleet consists of 66% slow-speed
diesel (SSD) engines, 32% medium-speed diesel
(MSD) engines and 2% other engine types [18]. So
in the present study, ship numbers by engine types
are assumed to be the same like the world fleet. In
this manner, ship numbers by engine types are

Years
(ton/year)

2009 2008 2007 2006

Average values

NOx
SO2

7093 7107 7347 7635
5973 5896 6090 6291

7295.5
6062.5

(kg/hour)

2009 2008 2007 2006

Average values

NOx
SO2

810
682

811
673

839
695

872
718

833
692

SHIP BORNE EMISSION ANALYSES IN THE
STRAIT OF ISTANBUL
The increase in world population also increases
the consumption. The products are delivered to the
whole world. Thus, international trade is developing,
concordantly sea transportation is increasing. The
increase in sea transportation provokes the countries
to enlarge their trade fleets. This growth increases
the sea traffic in the Strait of Istanbul, one of the
most important sea ways, like in the whole world
seas [2].
The effects of the emissions released to the
marine environment, air and coasts, from the ships
passing through the Strait of Istanbul are
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investigated
numerically.
A
commercial
computational fluid dynamics software is used as the
numerical solver. One unsteady and three steady
analyses are carried out by taking the whole strait
into account. In all analyses, as one of most
hazardous emissions, SO2 is investigated by using an
average amount of SO2 emission between the years
2006 and 2009. In these analyses, it is considered
that SO2 emission is released from a strip on the sea
surface uniformly.
In unsteady analysis, the wind speed is taken as
1 m/s coming from north to south [19]. In steady
analyses, the wind is considered as coming from
north and from south respectively for the same speed
because the wind direction can show seasonal
variations [19]. The currents in Strait of Istanbul are
not modeled in these analyses. The emission amount
in the air is shown at different heights for steady
analyses. Unsteady analysis result is also given for
different time steps.

where C1 and C2 are additional dimensionless model
constants.
Boundary Conditions. The number of ships
passing through the strait and the amount of emission
change daily and seasonally during a year. So an
average amount of emission per hour caused by the
whole ships passing between years 2006-2009 is
calculated from the data given in Table 2.
In the analyses, the emission source is modeled
as a curvilinear strip which is considered as the route
of the moving ships through the strait instead of
point sources from the ships. And the emission is
released uniformly from the strip. In addition, the
vortices which may occur in the sharp turns on the
strait and the effects of the sea currents on the
emission distribution are not taken into account.
A 100 meters heighted air zone over the
Istanbul Strait is created for the computations. In all
analyses, the same model and mesh structure are
used. Total volume mesh number is approximately
410000. The route of the ships passing the strait is
taken into account and a strip of 50 m wide is created
on the sea surface as considered as inlet of SO 2
emission. The inlet velocity of SO2 emission is
calculated as 0.001 m/s from the average emission
value of SO2, 692 kg/h in Table 2. The temperature
of SO2 emission is considered as 788 K. The
temperature of the ambient is taken as 288 K. The
bottom of the model except the SO2 strip is
considered as the sea surface and defined as a wall.
Side surfaces are defined as variously for different
cases (symmetry, inlet and outlet). The height
representing the air ceiling over the sea surface is
considered as 100 meters. The top of the model is
defined as outlet. Figure 2 shows the grid structure
of the model. A finer mesh structure is used near the
SO2 inlet surface.
Symmetry boundary condition represents that
the physical geometry of interest have mirror
symmetry. Velocity inlet boundary condition is used
for defining the flow velocity, with all relevant scalar
properties of the flow, at flow inlets. Pressure outlet
boundary condition is used to define a static (gauge)
pressure at the outlet boundary. If the pressure is set
zero, it means that the boundary is open to the
atmosphere. Wall boundary condition is used to
represent bounded regions like fluid and solid. If the
flow is viscous, no-slip wall type is used by default.
[20].

Numerical Method. In the computational
method, the governing equations are discretized
using a first-order upwind interpolation scheme, and
the discretized equations are solved using PISO
algorithm. The related equations are solved for flow,
turbulence and volume fraction. The solution is seen
converged when the continuity residual is lower than
10-7 and residuals of other variables are lower than
10-6. As the multiphase model, "mixture" is chosen.
For
the
mathematical
model
the
incompressible, time-averaged, three-dimensional,
unsteady-state mean flow equations of continuity
(1), momentum (2) and energy (3) which are used in
the mixture multiphase model can be written as
given [20].
««««««««««««(1)
w
§ o ·
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As turbulence closure, standard k-H (SKE)
turbulence model with standard wall-function is
used. Turbulence kinetic energy, k (4) and its
dissipation, H (5) for the mixture model are given as
[20]:
«««(4)
§ Pt , m
·
w
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FIGURE 2
A close view of the grid structure

FIGURE 3
Volume fraction contours of SO2 emission in 2, 6, 8 and 12 hours at 100 meters, respectively.

RESULTS AND DISCUSSION

the emission distribution is not changed after 8
hours. So the computations are halted in 12 hours.
Even in 12 hours, there is no SO2 emission at 100
meters height in the south of the strait near Marmara
exit. During the computations, SO2 emission is
observed near Ortakoy and Rumeli Kavagi. In both
locations, the amount of SO2 emission shows
increase with a similar trend.

Unsteady Analysis (Case 1). In case 1, Black
Sea entry of the model is defined as air inlet, while
Marmara exit is defined as air outlet. The analyses
are carried out for 12 hours. The time step is taken as
50 seconds. As the velocity inlet condition, a wind
velocity is defined in Black Sea entry. Also an inlet
velocity for the SO2 emission is defined on the SO2
inlet. The outlet condition is defined as pressure
outlet (static pressure is zero) in Marmara exit and
top. Figure 3 shows the volume fraction contours of
SO2 emission at 100 meters above sea surface at
different time steps.
It can be seen from Figure 3 that SO2 emission
reaches the height of 100 meters after 6 hours, and

Steady Analyses. For all steady analyses, SO2
emission distributions in the air are given at 10, 50
and 100 meters, respectively. In steady analyses, in
addition to Ortakoy and Rumeli Kavagi, numerous
locations are designated and emission amounts are
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observed at these locations at a height of 10 meters.
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from the emission at all three heights.
Figure 5 is given to show the effect of the wind
direction more clearly. With the increase of height,
the emission amount begins to decrease in all
locations. In this case, Beykoz is especially effected
from the emission. Figure 5 shows that there is an
amount of emission only in Yenikoy because of the
wind direction and location of Yenikoy in
curvilinear strait geometry.

(1) Case 2. In this case, it is considered that the
wind is coming from north to south. As the velocity
inlet condition, a wind velocity is defined in Black
Sea entry and left side. Also an inlet velocity for the
SO2 emission is defined on the SO2 inlet. The outlet
condition is defined as pressure outlet in Marmara
exit, right side and top.
Figure 4 shows SO2 emission distribution for
different heights in volume fraction contours. At 10
meters, the emission can be seen in almost every
location. Up to 50 meters, the emission amount
begins to decrease significantly. Because of the wind
direction, there is less emission in Rumeli Kavagi,
Buyukdere and Besiktas at 10 and 50 meters. At 100
meters, European side of the strait is mostly cleared
from the emission while the Asian side is affected

(2) Case 3. In this case, it is considered that the
wind is coming from south to north. As the velocity
inlet condition, a wind velocity is defined in
Marmara exit and right side. Also an inlet velocity
for the SO2 emission is defined on the SO2 inlet. The
outlet condition is defined as pressure outlet in Black
Sea entry, left side and top.

FIGURE 4
Volume fraction contours of SO2 emission at 10, 50 and 100 meters.

FIGURE 5
SO2 emission values in European and Asian side at 10 meters.
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FIGURE 6
Volume fraction contours of SO2 emission at 10, 50 and 100 meters.

FIGURE 7
SO2 emission values in European and Asian side at 10 meters.

FIGURE 8
Volume fraction contours of SO2 emission at 10, 50 and 100 meters.
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According to the unsteady analyses, it takes
some time for SO2 emission to reach the top of the
model. But even after 12 hours, no SO2 emission is
found at the top of the model.
The later analyses are aimed to show the effect
of the wind on air pollution. Three different cases are
investigated in a steady manner. By the effect of the
wind, SO2 is accumulated near the sea surface. In the
case without wind, a denser emission distribution is
seen in the whole strait as expected.
The results obtained from this study can lead
the authorities to take precautions for protecting the
environment of the Strait of Istanbul and reducing
the air pollution. Various scenarios can be examined
with the help of this method and new regulations can
be developed in order to observe air pollution by ship
emissions in Strait of Istanbul. The results may help
the authorities make a better observation in order to
apply the emission regulations of MARPOL Annex
VI.
For future studies, it is planned to carry out the
simulations by taking the effect of sea currents and
the other emission sources such as the factories near
the shore to obtain more realistic results.

Figure 6 shows SO2 emission distribution for
case 3 in volume fraction contours. With respect to
the wind direction, European side is heavily effected
from the emission at 10 and 50 meters. Beykoz is
also effected like in case 2. Anadolu Kavagi and
Uskudar regions are less effected from the emission.
Buyukdere region is clear at 10 meters but it is
polluted at 100 meters.
Figure 7 shows SO2 emission amounts
measured in various locations on European and
Asian sides of the strait. The SO2 emission is
collected in European side in accordance with the
wind direction which is different from case 2. From
Figure 7, it can be observed that there is a little
amount of emission in Buyukdere and significant
amount of emission is collected in Beykoz. This is
because of wind direction and geometric feature of
these locations.
(3) Case 4. In this case, it is considered that
there is no wind. An inlet velocity for the SO2
emission is defined on the SO2 inlet. The outlet
condition is defined as pressure outlet in Black Sea
entry, Marmara exit and top.
Figure 8 is given to show SO2 emission
distribution for different heights in volume fraction
contours. In lack of the wind, the emission is
collected heavily in the whole strait. As the height
increases, the emission amount shows a little
decrease in most of the strait.
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accumulate in plants and animals, entering the food
chain. Toxic metals can interfere with normal
metabolic processes, accumulate in tissues and may
cause serious health threats. The largest exposure
media for humans are contaminated air, food and
water. In industrialized and high traffic density
regions dispersion in air may be the dominant route
of exposure, while, depending on dietary habits,
food can be a significant source of some metals.
Lead and cadmium are metals whose presence in
the environment is of particular concern because of
their well-documented adverse effects, both being
among priority pollutants [2].
Main sources of anthropogenic lead emissions
are coal combustion, industrial production of steel,
iron, ferrous alloys, cement industry, waste
incinerations as well as municipal landfills.
Tetraethyl lead released into the environment
through decades of use continues to burden the
environment during the processes of remobilization
from the soil and water flows. Despite legal
restrictions, lead emissions from anthropogenic
sources are still significant and according to
estimates in the last decade they are around 3.5 Mt
annually [3]. The most important pathways through
which lead reaches the human body are inhalation
of polluted air or consumption of contaminated
food. Although food usually contains higher
amounts of lead than air, absorption by lungs is
greater [4].
Cadmium is often called the metal of the
modern age due to its very diverse applications
including nickel cadmium batteries, paints,
pigments, electronic equipment and plastic
products. Uncontrolled disposal and burning of
waste containing these products is an important
source of cadmium emissions to air, soil, and
eventually water streams. Industrial production of
nonferrous metals, iron and steel as well as cement
production contribute significantly to cadmium
concentrations in the environment. According to
estimates, global emissions of cadmium are around
3000 tons per year [5]. Once entered into the soil,
cadmium is readily absorbed by plants and thereby
enters the food chain, making the food, especially
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The bioaccumulation of lead and cadmium in
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meconium samples of new-born children in the
Split-Dalmatian County. Lead and cadmium
content is related to pollution from industrial
facilities, road traffic sources and landfills in the
examined area. Lead was found in 89.4 % and
cadmium in 94.0 % of analysed samples, indicating
a high prevalence of both metals in the
environment. The content of each metal has been
examined relative to the sociodemographic
description and dietary habits of mothers. Statistical
results have shown values about forty times higher
for lead median concentration compared to
cadmium; living in urban residences, frequency of
consumption of vegetables and fish, and smoking
habits have shown the most significant impacts.
Results have shown that cadmium is uniformly
dispersed from pollution sources over a larger area
and penetrates all parts of the environment.
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INTRODUCTION
The modern society is inconceivable without
the use of metals, although many of them can pose
a serious threat to environmental sustainability. Soil
and rock erosion, volcanic eruptions, forest fires are
the most important natural sources of heavy metals.
More significant contributions to the emissions of
heavy metals come from anthropogenic activities
such as industrial and coal burning power plants,
foundries, smelters, uncontrolled disposal of solid
waste, industrial and municipal wastewaters as well
as vehicle exhausts. Metals are not biodegradable;
once introduced into the environment, regardless of
the source, they remain a permanent participant in
natural biogeochemical cycles [1]. Furthermore,
most metals are bioaccumulative so that they
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inhabitants to constant low concentrations of these
metals. Exceptions are elevated lead as well as
cadmium concentrations at stations located near
large urban sites, industrial zones as well as traffic
nods [9-11]

mushrooms, vegetables and cereals, the main route
of exposure for humans [6]. The determination of
human bioaccumulation level is a very demanding
part of risk assessment due to sampling of
biological material which is mostly invasive.
Furthermore, most of the conventional biological
samples, such as blood and urine, provide
information about short-term exposure. On the
other hand, meconium, a dark viscous stool that
new-borns excrete in the first days of life can be
taken easily and noninvasively. Considering that
stools are not excreted in utero, the assumption is
that all exogenous substances are accumulated in
meconium representing seven months of exposure
via the umbilical cord, through 12-40 weeks of
gestation [7, 8]. The main goal of this study has
been to determine the actual level of lead and
cadmium bioaccumulation in humans from
different environmental sources in the SplitDalmatian County as well as to identify the
predominant source.

Sample collection. The study included mother
- new-born pairs from the wider area of the SplitDalmatian County, including islands and the
hinterland. A total of 151 meconium samples were
collected in the period between January and May
2011 at the Department of Obstetrics and
Gynaecology, University Hospital Centre Split. At
the beginning of the survey mothers were
acquainted with the aims of the study. The Ethics
committee of the Medical University and the
University Hospital Centre of Split approved the
study (003-08/10-03/0011). Each mother completed
the questionnaire with questions on: the
morphological status of the mother and the newborn (age, height, weight, and pregnancy), life style
(employment, living residence, smoking) and
dietary habits and these data were used for the
analysis of the obtained lead and cadmium
concentration.
Meconium samples were taken on the first day
after birth from the baby diapers. To avoid possible
contamination with metals, the sample was taken
with a disposable, sterile, plastic spoon and stored
in a sterile plastic container. Each sample and
questionnaire were marked with the identical
unique number and stored at -20°C after collection.
Prior to analyses meconium samples were dried at
40°C to constant weight. Results were expressed on
dry weight.

MATERIALS AND METHODS
Area research. The Split-Dalmatian County
is the largest county in Croatia, a Mediterranean
area located in the south-eastern Europe, bordering
the Adriatic Sea. Due to good geo-communication
position, various industrial productions have
developed in this region such as: production of
vinyl chloride monomer / alkali hydrolysis, metal
processing industry, cement industry, the terminal
for liquefied gas, shipbuilding industry, the
production of asbestos-cement products, municipal
landfill, production of light metals - aluminium and
ferroalloy factory. A municipal landfill is located in
this area, where the waste is disposed without any
primary separation. Today, many of these
productions have ceased. Metal production and
emissions are reduced, chlorine alkali production
has been closed and the remaining industries are
cement production and shipbuilding. But the
consequences of 50-years¶ long uncontrolled
discharge into air, soil and wastewaters have
remained. Moreover, traffic is extremely frequent in
this area especially during the summer months with
increased number of vehicles and aircraft arrivals at
the airport.
The environmental quality of the County is
constantly monitored through the control system
which
among
other
analyses
includes
measurements of metal concentrations in the air,
marine environment, ground and wastewaters,
while the soil is not monitored. The sampling sites
are spread throughout the County near possible
sources of pollution as well as in settlements. The
monitoring results indicate that the ecosystem of
the Split- Dalmatian County is moderately
burdened with lead and cadmium exposing the

Sample preparation and metal analyses.
Around 1 g of well homogenized meconium sample
was directly weighed into a Teflon tube for the wet
digestion procedure in an automated microwave
digestion unit, CEM, model Mars 5. The digestion
was carried out with a concentrated HNO3, HCl and
H2O2 mixture, where all reagents were suprapure
grade. The quantitative determination of lead and
cadmium was performed on a graphite furnace
atomic absorption spectrometer, Analytik Jena,
model AAS Vario6, with deuterium background
correction. Graphite tubes with a platform and
palladium matrix modifier were used for
interference reduction. The limits of the detection,
(LOD), were calculated from standard deviations of
the blanks and were 1.0 μgL-1 for Pb and 0.1 μgL-1
for Cd. The accuracy of the method has been
confirmed using a standard reference material
Seronorm
Trace
Elements
Urine
L-2; 210705, purchased from Sero AS, Norway.
The obtained results have shown good compliance
with the refereed values, more precisely, 94,84 %
for Pb and 95,92% for Cd. During measurements
the accuracy has been additionally examined with
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DFFRUGLQJ
WR
PRWKHUV¶
VRFLRGHPRJUDSKLF
characteristics, depending on the place of residence
(rural/urban or coastal/inland), dietary and smoking
habits.

known concentrations of standard solutions, which
have been analysed as a sample.
Statistical analysis. IBM SPSS Statistics v.19
(SPSS Inc., Chicago) was used for statistical
calculation
including
descriptive
statistics.
Correlations between some variables were
evaluated using the 3HDUVRQ¶V and 6SHDUPDQ¶Vrank
correlation coefficient as well as non-parametric
Mann Whitney U test for the sum of ranks. A p
value < 0.05 was taken as a level of statistical
significance.

DISCUSSION
Lead and cadmium concentrations in
dependence on living residence. In order to
evaluate the impact of the living environment on Pb
and Cd bioaccumulation, samples were grouped
DFFRUGLQJ WR PRWKHU¶V UHVLGHQFH 7KH FULWHULD ZHUH
the size of the settlement (rural < 5000 inhabitants)
and/or distance from the industrial zones as well as
traffic nodes. Median Pb concentrations in the
urban group were 554.13 ng g-1 i.e. three times
higher compared to rural locations. Differences
between Pb median concentrations from rural and
urban sites were confirmed by the Mann Whitney U
test (z = 6.445; p    DV ZHOO DV 6SHDUPDQ¶V
rank correlation coefficient (r = 0.526; p < 0.01).
Analysing the range of Pb concentrations within the
urban group, we found that 92.6% of meconium
samples with values above the median originated
from locations in industrial and traffic zones. We
tried to study the distribution patterns within the
urban group, so the samples were further clustered
into the group from the city of Split and groups
from smaller urban sites in the area surrounding the
city. The results are presented in Figure 1 and
PDUNHG DV  -mean value; (x)-extreme value; Ƒ interquartile range - IQR with median. From the
results shown in Figure 1 it can be observed that
samples from the industrial zone (SUr-I) have the
median concentration of Pb significantly higher
compared to the group from the city centre (Ur),
more precisely 709.93 and 557.16 ng g-1,
respectively. Moreover, this area has the highest
traffic loading. In the group from small urban sites
(Sur-II), where industrial activities have ceased, the
median Pb concentrations (346.9 ng g-1) were
lower, but still showing differences compared to the
rural group (154.69 ng g-1).
Cadmium concentrations followed a similar
pattern with a tendency towards higher values in
urban areas and a focus on smaller urban locations
(SUr-II), in the vicinity of the former ferroalloy
factory. The obtained results were consistent with
the studies which confirmed a significant burden of
urban and industrial sites with lead as well as
cadmium. The sources of elevated concentrations in
such areas are the vehicular traffic and oil
combustion from industrial, municipal and
individual heating plants, but also the weathering of
building facades containing Pb and Cd pigments
[12,13].

RESULTS
Study population. The median age of
mothers was 30, ranging from 19 to 44 and the
mean gestation was 40 weeks, in the range from 36
to 42. The great majority of participants, 109 (72%)
were employed, and 5 of them have been exposed
to additional pollution sources in the working place
(smoke, dust or chemicals). Most of the
participants, accurately 114, were non-smokers
while 25 participants have continued to smoke
during pregnancy.
Lead and cadmium concentrations in
meconium samples. Out of the total of 151
analysed meconium samples lead and cadmium
concentrations have been found in 89.4 % and 94.0
%, respectively. Most of the samples, more
precisely 128 (84.8 %), contained both metals. All
positive results can be considered as exceeded
values of heavy metals in human biomaterial
because both metals have no biological role. The
concentrations of lead and cadmium expressed as
mean, standard deviation of the mean (SD), median,
range (minimum and maximum determined value),
as well as the interquartile range (IQR) which
includes 50% of the central results are in Tables 1
and 2.
1R FRUUHODWLRQ ZDV IRXQG EHWZHHQ PRWKHU¶
age or number of pregnancies with concentrations
of Pb as well as Cd. The lead median concentration
for the whole group of meconium samples was
400.09 ng g-1 which is forty times higher compared
to cadmium with the mean concentration of 9.91 ng
g-1, but maximal values for Pb are about hundred
times higher compared to Cd, indicating extremely
higher prevalence of Pb in the environment. A
positive correlation has been found between
concentrations of Pb and Cd (Pearson r = 0.243; p =
0.003). Furthermore, it is possible to observe a
large concentration range for both metals due to the
effect of different variables on bioaccumulation.
With regard to possible pathways of human
exposure, meconium samples were grouped

5806

© by PSP

Volume 25 ± No. 12a/2016, pages 5804-5811

Fresenius Environmental Bulletin


TABLE 1
Lead concentrations in meconium samples (ng g-1)

Whole group
Rural residence
Urban residence
Fish
consummation
Vegetable
consummation
Cereals
consummation

no
yes
Infrequent*
Frequent**
Infrequent*
Frequent**

n
151
43
108
43
108
40
111
110
41

Mean
526.78
203.80
655.37
500.45
537.16
544.32
520.45
509.93
571.98

SD
489.92
224.83
507.49
499.63
457.96
560.68
464.43
524.63
434.21

Median
400.09
154.69
554.13
368.76
425.03
411.32
400.09
362.19
499.15

Range
< LOD-2423.64
< LOD-865.82
< LOD-2423.64
< LOD-2285.78
< LOD-2423.64
< LOD-2423.64
< LOD-2285.78
< LOD-2423.64
< LOD-1727.45

IQR
168.54-735.02
< LOD-274.85
320.99-799.26
178.85-645.65
165.99-742.51
165.51-742.51
168.54-708.80
147.08-723.37
273.78-754.07

LOD= limit of detection; * = 1- 2 times per week; **= more than 3 times per week
TABLE 2
Cadmium concentrations in meconium samples (ng g -1)

Whole group
Rural residence
Urban residence
Fish
consummation
Vegetable
consummation
Cereals
consummation

no
yes
Infrequent*
Frequent**
Infrequent*
Frequent**

n
150
43
107
42
108
39
111
109
41

Mean
9.76
9.11
10.02
9.91
9.70
9.34
9.91
10.61
7.50

SD
5.20
4.75
5.35
5.59
5.07
5.59
5.08
5.00
5.10

Median
9.91
9.91
10.16
10.03
9.86
9.08
10.25
10.65
7.91

Range
< LOD-26.58
< LOD-17.80
< LOD-26.58
< LOD-23.75
< LOD -26.58
< LOD-23.83
< LOD-26.58
< LOD-26.58
< LOD-18.88

IQR
6.58-12.72
6.04-12.54
7.02-12.95
6.94-13.12
6.54-12.58
6.12-12.83
6.66-12.53
7.69-13.30
3.09-12.00

LOD= limit of detection; * = 1- 2 times per week; **= more than 3 times per week

FIGURE 1
Lead and cadmium concentrations in dependence on the living residence; R-rural residence; U-urban
residence; SUr-I-small urban sites near industry and traffic zones; Ur-urban city; SUr-II, small urban
sites distant from the industrial zones
population, especially in contaminated areas
However, a large number of samples from
[14,15].
rural areas where both metals were found confirms
the mobility of metals in the environment. Under
the influence of meteorological processes, they
Lead and cadmium concentrations in
GHSHQGHQFH RQ PRWKHU¶V GLHWDU\ habits. Bearing
expand to areas with no significant sources of
in mind that food can be an important way of
emissions. Our results agree with the results of
exposure to metals, meconium samples have been
similar studies carried out to determine the
further clustered considering the mother¶V dietary
interaction between the environment and the human
habits. As estimation variables, food that could be a
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Additionally, we divided the samples from rural
groups into the inland and island group, assuming
that study participants from the islands ate fish
caught in those locations; results are plotted in
Figure 2.
The
presented
results
show
higher
concentrations for Pb as well for Cd in the island
group. The median Pb concentration in the island
group was 178.09 ng g-1 compared to 154.69 ng g-1
in the inland one, and the interquartile range in the
island group has a larger range shifted toward
higher concentrations. For Cd, differences among
locations were smaller, with median 10.94 ng g-1
and a wider interquartile range in the island group
in comparison with median 10.63 ng g-1 in the
inland group. The data from questionnaires
indicated that most mothers from island areas
consumed fish twice as much as study participants
from the inland ones. This confirms the assumption
that the increased consumption of sea fish has an
impact on the bioaccumulation of lead as well as
cadmium.

possible source of Pb and Cd, such as fish,
vegetables and cereals, was used [16,17]. Data on
particular food eating frequencies were collected
from questionnaires and correlated with measured
meconium lead and cadmium concentrations
(Tables 1 and 2).
(1) Lead and cadmium concentrations in
dependence on fish consumption frequency. The
all examined samples were grouped depending on
mother´s fish consummation frequency. Some
higher mean, median, and concentration ranges for
Pb are observed in the sample group in which
mothers consumed
fish,
while cadmium
concentrations did not significantly differ between
groups. These results relate to the whole group of
analysed samples, and as previously indicated, the
exposure in urban areas is strong and probably has
overlapping contributions of other variables.
Therefore, we selected a group of samples from
rural areas in order to determine the contribution of
particular foods, to Pb and Cd bioaccumulation.

FIGURE 2
Lead and cadmium concentrations in dependence on fish consumption frequency (NF-not eating fishwhole group; YF-eating fish - whole group; RYF/In ± rural eating fish from inland areas; RYF/Is- rural
eating fish from island areas
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FIGURE 3
Lead and cadmium concentrations in dependence on vegetable frequencies consummation (RVinfrequent vegetable eating- whole group; FV-frequent vegetable eating-whole group; InRV- infrequent
vegetable eating inland location; InFV ± frequent vegetable eating inland location

FIGURE 4
Lead and cadmium concentrations in dependence on mothers smoking habits (RNS-rural non smoking;
RS-rural smoking; UrNS-urban non smoking; UrS-urban smoking)
and median 8.11 ng g-1 in frequent and 7.12 ng g-1;
< LOD in rare consummation group.
The interquartile range for both metals was
shifted towards higher values in correlation with the
consumption frequency. This result suggests that
vegetables are one of factors contributing to the
bioaccumulation of metals. According to data from
the survey we have found the majority of
respondents consumed vegetables grown in the own
vegetable gardens, which confirms the widespread
of lead and cadmium also in areas where there are
no sources of industrial pollution. Regarding
cereals, no correlations were observed between the
consumption frequency and metal levels.

(2) Lead and cadmium concentrations in
dependence
on
vegetable
consumption
frequency. Comparing the Pb and Cd
concentrations in meconium samples with the
frequency of vegetable consumption, (Table 1 and
2), we tried to determine a relationship between
these two variables. For this evaluation, the
meconium samples originating from rural inland
locations were selected in order to reduce the effect
of other factors that may contribute to the
accumulation rate, such as the impact of the
environment and the consumption of fish (Figure
3.) Lead mean and median values (162.60 and
161.60 ng g-1) were higher in the frequent
consumption group compared to rare consumption
(mean 111.81 ng g-1; median < LOD). Similar
relation we observed for cadmium with mean 9.08

Influence of smoking on lead and cadmium
concentrations. Tobacco smoke can be a source of
different
metals,
depending
on
their
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bioaccumulation in the tobacco plant. Increased
concentrations of lead and cadmium are often
associated with the smoking habit, but also with the
so-called passive smoking. In order to evaluate
smoking effects on concentrations of lead and
cadmium in meconium, we selected meconium
samples originating from new-borns whose mothers
lived in rural areas, thus eliminating the effect of
the urban environment. Within the rural group we
compared the results for mothers who were not
smokers and those who smoked. The concentrations
RI OHDG ZHUH KLJKHU LQ WKH ³VPRNHU´ JURXS LQ ERWK
examined living residences, but the contribution of
environmental pollution in urban areas has a more
significant impact. The environmental impact on
the bioaccumulation of cadmium is less significant
compared to the effect of smoking (Figure 4).
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IXQGDPHQWDO HOHPHQWV RI RXU ZRUOG¶V ELRORJLFDO
diversity [2].
In addition to the lakes constituting an
LPSRUWDQW SDUW RI ZRUOG¶V IUHVK ZDWHU UHVHUYHV the
number of artificial lakes and reservoir lakes is very
limited because of their structural properties and
locations [3]. Total number of reservoir and dams is
715, WKLV QXPEHU GRHVQ¶W include the natural lakes
[4]. In developing countries such as our country,
significant portion of surface waters are the domains,
where the industrial, domestic, and agricultural
wastes are discharged, even though these surface
waters also meet the water need for drinking, energy,
usage water, industrial water needs, irrigation water,
trade, tourism, animal husbandry, and sustainment of
natural life. Furthermore, these surface waters are
also used for aquaculture activities [5].
Lakes and ponds, which exhibit continuousreceiver character, are primarily affected from the
pollution. For this reason, the water level of lakes
and ponds decreases, their water reserves become
unusable, consequently these environments become
unlivable medium for the fish, and aquatic organisms
and creatures [6]. Physical and chemical parameters
and heavy metals have a special importance in
pollution of surface waters. Investigation of heavy
metal contamination of water became the primary
focus of environmental scientists in recent years [7].
For these reasons, the physicochemical
properties of reservoirs and ponds should be
periodically monitored, and the alterations should be
carefully followed.
Through the analysis of water samples taken
monthly from 3 sampling stations, which are
representing the whole of the dam, for 3 years
between February 2011 and January 2014, the aim
of this study is to reveal the water quality properties
of Serefiye Dam, one of the most important dams of
Zara district, to classify the water quality according
to Surficial Water Quality Management Regulation
(SWQMR), and to establish a database for further
studies to be carried out in this dam.
The characteristics of the water of wetlands
being under protection within the scope of
RAMSAR convention should be well known, and

ABSTRACT
The objectives of this study were to observe the
monthly and annual changes in water samples
through physicochemical methods, to determine the
water quality properties, to investigate the pollution
problems, to determine the suitability level in terms
of aquatic life, and to classify the water quality in
accordance with the SWQMR criteria. This study
was carried out through monthly sampling between
April 2011 and March 2014 in 3 stations at Serefiye
Dam, which is a ³Class B´ dam according to the
RAMSAR criteria. The samples were immediately
taken to the laboratories for analyses. Station 1 is at
the entrance point of Egridere into the dam, 2nd point
is at western side of the dam (Serefiye town), and the
Station 3 is located at the center of the dam. The
water quality in Serefiye dam, which is under
protection within the scope of RAMSAR
convention, was determined to be Class II according
to SWQMR. In order to protect the water quality and
to ensure the sustainability of aquatic life in this dam,
it is required to make regular observations and to
monitor the parameters affecting the water quality
and aquatic life.

KEYWORDS:
RAMSAR, water quality, Sivas, Serefiye Dam

INTRODUCTION
Beside its importance for the earth and aquatic
life, water is also the most important source
including various trace minerals that are required for
the life of human kind [1]. Lakes, ponds, and
reservoirs are the most important fresh water
resources of our world.
Besides the usage for drinking, using, and
irrigation purposes, lakes, ponds, and reservoirs
constitute an ecosystem for fishes and aquatic
organisms. For these reasons, lakes, ponds, and
reservoirs are the protein sources for the
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ferrous, lead, copper, zinc, nickel, mercury and
cadmium analyses of water samples analyses of
water samples were conducted in the laboratory of
Sivas Directorate of Provincial Food Agriculture and
Livestock in the same day.
Monthly mean values, standard deviations and
graphics of each of the parameters were calculated
by using Office Excel 2007, which is a part of
Microsoft Office Professional Edition 2007.

the ecological balance should be protected. In order
to take required measures, the physical and chemical
factors in aqueous environment should be
periodically examined. It is especially important to
determine the water quality and water pollution in
environments, where the aquatic life is intense,
under protection.
Serefiye Dam, since it provides an important
habitat for migratory birds, was taken under
protection on 12/27/2012 with the decision of
National Wetland Commission within the scope of
RAMSAR convention. From this aspect, the results
of this study and the methods utilized during the
analyses would be useful for other studies
investigating the environmental effects influencing
the water sources protected within the scope of
RAMSAR convention.

RESULTS
The temperature and dissolved oxygen values
are also inversely proportional to each other. The
temperature values showed non-significant variation
between the years. While the minimum temperature
were observed in year 2011 (3.4°C), the maximum
temperature were observed in year 2013 (23.8°C).
The mean temperature values of the stations were
found to be 13.75 °C for Station 1, 13.84°C for
Station 2 and 13.61°C for Station 3. These results
indicate that no statistically significant change was
observed in temperature values between the years
and stations. While the minimum dissolved oxygen
level was found to be 10.26 mg/L in Station 2, the
maximum dissolved oxygen concentration were
determined to be 12.46 mg/L in Station 3. As it can
be seen, there was an inverse proportion between
those parameters.
The pH values found in this study showed no
statistically significant variation between the years
and stations. While the maximum pH value were
observed to be 8.27 in Station 2, the minimum level
of pH were found to be 8.23 in Station 1. The data
showed that the differences between pH values were
not statistically significant between the years and
stations.
On the other hand, the minimum magnesium
concentration were found to be 37.94 mg/L in
Station 3, while the maximum concentration were
observed to be 54.66 mg/L in Station 2. In addition
to the magnesium concentrations, the minimum
calcium concentration were found to be in 38.22
mg/L in Station 3, while the maximum calcium
concentration were found to be 55.16 in Station 2.
As it can be seen, the pH values and
magnesium/calcium
concentrations
showed
parallelism.
The saltiness and electrical conductivity values
also showed parallelism to a certain level. While the
maximum mean saltiness concentration was found to
be in Station 2, the maximum electrical conductivity
level was determined to be 176.96 in Station 1.
While the minimum mean saltiness level was
observed in 1st and Station 3s, the minimum
electrical conductivity value was found to be 134.38
in Station 3. Since the electrical conductivity is
inversely proportional to the saltiness, these results

MATERIAL AND METHOD
Study Area. Serefiye Dam (40°07´55.04´´ N 37°47´13.62´´ E) is located in Upper Kizilirmak
basin, 1km west to center of Serefiye town, and
within the Scotch pine forests. The dam is 33km
away from Zara district and 103km from Sivas city
center. The water sources of Serefiye dam are
Egridere and the waters coming from under the
earth. Serefiye dam has 1.7 hm3 of storage volume,
and was constructed for irrigation purposes. While
determining the sampling stations on the dam, we
considered the points that homogenously represent
the characteristics of dam.
Station 1: The entrance point of Egridere into the
dam
Station 2: Western side of the dam (Serefiye town)
Station 3: Center of the dam
Water Analysis. In this study starting from
December 2011, samples used in analyses of some
chemical and physical parameters constituting the
water quality were monthly collected during 36
months from 3 stations. The sampling ended at
January, 2014. The obtained water samples were
taken to the laboratory within maximum 3 hours for
analysis. Temperature, pH, dissolved oxygen, and
electrical conductivity parameters were measured inplace via land-type measurement devices. Dissolved
oxygen and temperature were measured via YSI
brand S2 model oxygen-meter, pH measurement was
conducted with Orion brand 420A model pH-meter,
and saltiness (ppt) and the electrical conductance
(μs/cm) were measured by using YSI brand 30/50
FT model conductance-meter.
Among other parameters determining water
quality; total alkalinity, total hardness, ammonium
nitrogen, nitrite, nitrate, phosphate, sulfite, sulfate
chloride, sodium, potassium, suspended solid matter
(SSM), chemical oxygen demand (COD), biological
oxygen demand (BOD), calcium, magnesium,
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While the maximum lead concentration was
found to be 3.00 μg/L in Station 2, the minimum lead
concentration was determined to be lower than the
measurable limits in all of the stations. On the other
hand, the minimum concentration of copper was also
determined to be lower than the measurable limits in
all 3 stations, while the maximum copper
concentration was found to be 13.00 μg/L in Station
2.
The nitrite levels were found to be lower than
measurable limits. On the other hand, the minimum
nitrate concentration was found to be 0.62 mg/L in
Station 3, while the maximum nitrate concentration
was determined to be 2.12 in Station 2. While the
differences between the stations in terms of nitrite
and nitrate concentrations were not statistically
significant, the annual differences in nitrite and
nitrate concentrations were statistically significant.
The ammonium concentrations were found to be
lower than the measurable limits.
In addition to other parameters, also the heavy
metal concentrations were investigated within the
course of this research. The differences between the
stations in terms of heavy metal concentrations were
found to be statistically significant.
While the maximum lead concentration was
found to be 3.00 μg/L in Station 2, the minimum lead
concentration was determined to be lower than the
measurable limits in all of the stations. On the other
hand, the minimum concentration of copper was
found to be lower than the measurable limits in all 3
stations, while the maximum copper concentration
was determined to be 13.00 μg/L in Station 2.
The cadmium concentrations also showed
statistically significant differences between the
stations.
While
the
minimum
cadmium
concentration was found to be lower than the
measurable limit in all 3 stations, the maximum
cadmium level was determined to be 1.70 μg/L in
Station 2. On the other hand, the minimum zinc
concentration was found to be 4.00 μg/L in Station
3, while the maximum zinc level was found to be 61
μg/L in Station 2.
The minimum nickel concentration was found
to be lower than the measurable limits in all 3
stations, while the maximum nickel concentration
was determined to be 2.00 μg/L in Station 2. The
concentration differences between the stations were
found to be statistically significant. On the other
hand, the minimum mercury concentration was
determined to be lower than the measurable limits in
all 3 stations, while the maximum mercury
concentration was found to be 0.01 μg/L in all the
stations. The differences between the stations in
terms of mercury concentration were statistically
significant.

show that there was a parallelism between the
saltiness and electrical conductivity values.
Alkalinity values are also in relation with the
total hardness values. While the minimum total
hardness value was found to be 272.64 mg/L in
Station 3, the maximum level was determined to be
334.43 mg/L in Station 2. On the other hand, the
minimum total alkalinity value was found to be
274.76 mg/L in Station 3, while the maximum total
alkalinity level was found to be 334.89 mg/L in
Station 2. As it can be seen here, the total alkalinity
and the total hardness values showed parallelism.
Sodium concentrations were also examined
within the scope of this study. While the minimum
sodium concentration was found to be 53.86 mg/L in
Station 3, the maximum sodium concentration was
determined to be 87.86 mg/L in Station 2. On the
other hand, the potassium concentrations are also in
relation with the sodium concentrations. While the
minimum potassium concentration was found to be
4.43 mg/L in Station 3, the maximum potassium
level was determined to be 9.55 mg/L in Station 2.
The differences between the stations in terms of
sodium and potassium concentrations were not
statistically significant, while the annual differences
in potassium concentrations were statistically
significant.
The sulfate and phosphate concentrations are
related with the use of agricultural fertilizers. While
the annual differences in phosphate concentrations
and the differences between the stations in terms of
phosphate
concentration
were
statistically
significant, the same values of sulfate concentrations
were not statistically significant. The minimum
sulfate concentration was found to be 23.94 mg/L in
Station 3, while the maximum sulfate concentration
was determined to be 73.98 mg/L in Station 2. On
the other hand, the minimum phosphate
concentration was determined to be under the
measurable limits in all of 3 stations, while the
maximum phosphate concentration was found to be
0.03 mg/L in Station 2.
The nitrite levels were found to be lower than
the measurable limits. On the other hand, the
minimum nitrate concentration was determined to be
0.62 mg/L in Station 3, while the maximum nitrate
concentration was determined to be 2.12 in Station
2. The differences between the stations in terms of
nitrite and nitrate concentrations were not
statistically significant, while the annual differences
in nitrite and nitrate concentrations were statistically
significant. The ammonium concentrations were
also found to be lower than the measurable limits.
In addition to other parameters, also the heavy
metal concentrations were investigated within the
scope of this research. The differences between the
stations in terms of heavy metal concentrations were
found to be statistically significant.
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TABLE 1
Annual mean and max-min values of the parameters investigated in this research
2011

Dissolved oxygen
(mg/L)
Saltiness
pH
Temperature
Electrical
conductivity
Suspended solid
matter (mg/L)
Chemical oxygen
demand (mg/L)
Biological oxygen
demand (mg/L)
Chloride (mg/L)
Phosphate (mg/L)
Sulfate (mg/L)
Sulfide (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Total hardness
(mg/L)
Total alkalinity
(mg/L)
Magnesium (mg/L)
Calcium (mg/L)
Nitrite (mg/L)
Nitrate (mg/L)
Ammonium
nitrogen (mg/L)
Ferrous (mg/L)
Lead (μg/L)
Copper (μg/L)
Cadmium (μg/L)
Mercury (μg/L)
Nickel (μg/L)
Zinc (μg/L)

2012

2013

Mean

Std.
Error

Min

Max

Mean

Std.
Error

Min

Max

Mean

Std.
Error

Min

Max

pvalue

11.55

0.12

10.40

12.46

11.47

0.11

10.34

12.40

11.42

0.12

10.26

12.38

0.74

0.04
8.03
13.21

0.00
0.02
1.06

0.01
7.81
3.40

0.08
8.22
22.62

0.05
8.06
13.65

0.00
0.02
0.98

0.03
7.86
5.30

0.09
8.24
22.70

0.07
8.08
14.33

0.00
0.02
1.08

0.02
7.83
4.20

0.11
8.27
23.80

0.00
0.32
0.75

151.37

1.81

134.38

170.18

154.74

1.65

139.26

172.66

158.61

2.03

136.82

178.42

0.02

0.62

0.04

0.24

1.02

0.68

0.04

0.30

1.06

0.73

0.05

0.28

1.14

0.22

0.89

0.06

0.33

1.39

0.99

0.05

0.42

1.42

1.04

0.06

0.44

1.49

0.18

0.44

0.04

0.08

0.90

0.45

0.03

0.11

0.76

0.48

0.04

0.13

0.80

0.69

7.83
0.01
44.55
1.20
65.07
5.89

0.08
0.00
2.51
0.05
1.57
0.18

7.20
0.00
23.94
0.78
53.86
4.43

8.52
0.02
68.42
1.60
82.06
7.96

7.25
0.01
47.26
1.62
68.05
6.61

0.12
0.00
2.42
0.05
1.51
0.17

5.76
0.01
26.22
1.10
58.22
5.10

8.12
0.02
70.56
2.04
84.48
8.50

6.53
0.01
49.54
1.99
70.21
7.31

0.08
0.00
2.61
0.07
1.63
0.22

5.72
0.00
26.08
1.14
56.28
4.97

7.30
0.03
73.98
2.48
87.86
9.55

0.00
0.00
0.38
0.00
0.07
0.00

295.68

2.43

272.64

327.28

299.11

2.34

279.79

329.96

302.10

2.55

275.32

334.43

0.18

296.11

2.42

274.76

327.74

299.53

2.32

281.91

330.42

302.60

2.53

277.44

334.89

0.17

42.24
42.40
0.00
0.90

0.77
0.72
0.00
0.03

37.94
38.22
0.00
0.62

50.90
50.18
0.00
1.32

44.18
44.29
0.00
1.33

0.75
0.78
0.00
0.03

40.06
40.18
0.00
0.97

52.48
53.16
0.00
1.64

45.64
45.92
0.00
1.72

0.81
0.83
0.00
0.06

39.52
39.80
0.00
0.96

54.66
55.34
0.00
2.12

0.01
0.39
0.02
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.90
2.89
0.45
0.00
5.08
24.42

0.00
0.11
0.41
0.07
0.00
0.85
2.43

0.00
0.00
0.00
0.00
0.00
0.00
4.00

0.01
2.20
9.00
1.40
0.01
18.00
56.00

0.00
1.28
4.17
0.56
0.00
6.06
26.92

0.00
0.09
0.41
0.07
0.00
0.87
2.34

0.00
0.40
0.00
0.00
0.00
0.00
8.00

0.01
2.50
10.00
1.50
0.01
19.00
58.00

0.01
1.61
6.33
0.70
0.00
8.14
28.92

0.00
0.13
0.53
0.08
0.00
1.03
2.54

0.00
0.10
0.00
0.00
0.00
0.00
6.00

0.01
3.00
13.00
1.70
0.01
22.00
61.00

0.00
0.00
0.00
0.05
0.00
0.06
0.43

during three years was found to be 8.11, while the
maximum value was found to be 8.05. According to
these results, the dam has mildly basic character, and
is first class in accordance with SWQMR in terms of
pH value, and suitable for aquaculture.
Another
parameter
influencing
the
development of a balanced fauna is the dissolved
oxygen (DO) concentration. Besides being a
compound that is necessary for aquatic life, DO is
also necessary for biochemical oxidations. In sweet
waters, there should be at least 5 mg/L dissolved
oxygen for aquatic life [10]. The lowest DO value
measured in this study was found to be 10.26 mg/L,
so the water of Serefiye Dam is suitable for
aquaculture in terms of DO concentration, and it is
in Class I in accordance with SWQMR.
The COD level of the waters higher than 25
mg/L indicate the pollution, while the values more
than 50 mg/L indicate the severe pollution and
possible toxicity for aquatic animals [11]. The
maximum COD value measured in Serefiye Dam
was determined to be 1.49 mg/L. According to the
SWQMR and the rule that the worst value
determines the class, the Serefiye Dam is in Class I
in terms of COD.
Biological Oxygen Demand (BOD) shows the
amount of oxygen required by the microorganisms
for dissolving the organic matters in an aquatic
environment under aerobic conditions. It is utilized
LQ RUGHU WR GHWHUPLQH DQ HQYLURQPHQW¶V SROOXWLRQ

The minimum suspended solid matter (SSM)
level was found to be 0.24 mg/L in Station 3, while
the maximum SSM level was determined to be 1.14
mg/L in Station 2. The differences between the SSM
levels of the stations were found to be statistically
non-significant.
The minimum chloride concentration was
determined to be 5.72 mg/L in Station 2, while the
maximum chloride concentration was found to be
8.52 mg/L in Station 2. The difference between the
stations in terms of chloride level was found to be
statistically non-significant.

CONCLUSION
One of the most important factors that affect the
biological activity of the aquatic organisms and fish
is the water temperature. The changes in this
parameter result from seasonal temperature changes
[8]. Serefiye Dam shows inland water characteristic.
The temperature differences measured in 3 stations
during the study were not at the level that may affect
the aquatic life negatively.
In order for a pH value of any aquatic medium
to not threaten the aquatic life and in order for a
water resource to be suitable for aquaculture, it
should fit within the range of 6.5 ± 8.5 [9]. The mean
value of water samples taken from Serefiye Dam
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SRWHQWLDODQGDUHFHLYHUHQYLURQPHQW¶VDVVLPLODWLRQ
capacity by calculating the amount of dissolved
oxygen that they consume while being released into
the receiving mediums [12]. The maximum BOD
value in Serefiye Dam was found to be 0.76 mg/L,
and it is Class I according to SWQMR in terms of
BOD.
Electrical conductivity (EC) is very important
for aquatic products, and the conductivity passes
beyond the level of 100 μs/cm as the pollution
increases [13]. The electrical conductivity values
decreased in winter months, and increased in months
when the water temperature and inorganic salts in the
system increased. The maximum EC value measured
in the dam was measured to 178.42 μs/cm, and it is
Class I according to SWQMR in terms of electrical
conductivity.
Suspended Solid Matter (SSM) amount
consists of inorganic matters such as clay and loam.
The maximum acceptable level of SSM in
aquaculture was specified as 10 mg/L [14]. The
maximum SSM amount determined in Serefiye Dam
during 3 years of the study was found to be 1.14
mg/L, which means that the conditions in the dam is
suitable for aquaculture activities.
The sources of the nitrogen mixing into surface
waters can be originated from natural domestic and
agricultural resources [15]. The nitrite (NO2) sources
in waters are the organic matters, nitrogenous
fertilizers, and some of minerals. The nitrite
concentration in waters higher than 1 mg/L indicates
pollution [16]. While the concentration of NO2 in
natural waters is low, it is high in waters where the
organic pollution is high [17]. Nitrogen derivatives
of nitrite (NO2), nitrate (NO3) and ammonium
nitrogen (NH4+) have significant roles in water
pollution, and they also have significant effects on
the level of dissolved oxygen and eutrophication.
According to the SWQMR, the dam shows Class I
water characteristic in terms of nitrite (NO2) and
ammonium nitrogen.
Nitrate (NO3) is the final product of
nitrogenous organic matters. High concentration of
nitrate in surface waters indicates that the water was
polluted before by the industrial and domestic
wastewaters containing ammonium and organic
nitrogen and the fertilizers used in agricultural lands
and containing nitrate [18]. Even though the low
doses of nitrate are not toxic for fish, it was reported
that fish mortality starts at the doses of 4 mg/L and
higher [18]. Its concentration within surface waters
is an indicator of the pollution of those waters caused
by domestic and industrial waste waters containing
ammonium and organic azote and the nitrogenous
fertilizers used in agricultural lands [19]. According
to the SWQMR, Serefiye Dam is Class I water in
terms of nitrate (NO3).
The total alkalinity and total hardness values in
lime soils are generally close to each other [20]. The
alkalinity level of the natural waters varies between
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5 and 500 mg/L, and is closely related with the
structure. The carbonate and bicarbonate give the
alkalinity to the water [21]. According to the results
obtained from our analyses, the dam shows mildlyhard water characteristics.
Among natural anions of the water, the
presence of the sulfate (SO4) in natural resources is
important for improved biological productivity [22].
The maximum limit for sulfate in water from the
aspect of aquatic products was determined as 90
mg/L [23]. The maximum value was observed to be
73.98 mg/L. Besides the sulfate, the chloride level is
also an important parameter indicating the healthy
water. The maximum chloride amount in the dam
was found to be 8.52 mg/L. These values are suitable
for aquaculture.
The phosphor found in water resources is an
element that is necessary of eutrophication [24]. The
reason of fluctuation in phosphorus level is the use
of agricultural fertilizers containing phosphor,
because there are many farms near the dam. The
maximum level of phosphate in the dam was found
to be 0.03 mg/L. This phosphate concentration poses
no danger in terms of aquaculture and aquatic life.
Ca++ and Mg++ are the most important
dissolved solid matters in water [8]. Mg and Ca++ are
alkali soil minerals, and are among the ions existing
in fresh waters at most. The maximum recommended
Ca++ level is reported to be 75 mg/L [25]. In our
study, the maximum calcium (Ca+) level was found
to be 50.16 mg/L. This calcium concentration
indicates that the amount of Ca++ in Serefiye Dam is
within the acceptable limits.
The concentration of magnesium in normal
waters should be between 5 mg/L and 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
[25]. In our study performed in Serefiye Dam, the
maximum value found is 54.66 mg/L.
The concentration of Potassium (K) and
Sodium (Na) vary within the ranges of 1-10 mg/L
and 2-100 mg/L in natural waters, respectively [26].
The maximum potassium concentration in our study
was determined to be 9.55 mg/L that can be
considered to be within the normal ranges, while the
maximum level of sodium concentration was found
to be 87.76 mg/L. Under the light of these results, it
can be concluded that the sodium and potassium
concentrations can be considered to be within the
acceptable limits.
The waters having lead (Pb) concentration of
0.01 mg/L and higher are considered to be polluted.
It has also been reported that the lead affects the
osmotic balance and ion arrangement in fish and
leads to histopathologic change in liver [10].
Although the presence of cadmium (Cd) in waters at
the concentration of 5 μg/L and higher is reported to
be toxic and it directly leads to mortality in aquatic
organisms at high concentrations, it also leads to
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protected under RAMSAR convention and where
fish-farming activities are planned, very well and to
protect the ecological balance. In order to be able to
make required measures, it is also required to
periodically investigate the physical and chemical
factors affecting the quality of water. Especially in
environments taken under protection and hosting
intense aquatic life, it is much more important to
determine the water quality and water pollution [15].
In recent years, many studies were carried out
on this subject [7, 28]. It is known that the heavy
metals constitute an important pollutant group, and
they incline to accumulate within the bodies of living
organisms, as well as they have significant toxic and
carcinogenic effects. Heavy metals having strong
poisonous effects even at very low concentrations
may inhibit the self-cleaning process of natural
ZDWHUVDQGWKH\DOVRDIIHFWZDWHUVRXUFHV¶XVDELOLW\
in irrigation and aquaculture negatively. As it can be
seen in results of the analyses, the water quality in
Serefiye dam is considered to be Class II according
to SWQMR. In order to protect the water quality and
to ensure the health of aquatic life in this dam, it is
required to make regular observations and to monitor
the parameters affecting the water quality and
aquatic life.

metabolic and physiologic disorders and changes
especially in fish [15]. The maximum concentrations
of lead (Pb) and cadmium (Cd) in Serefiye dam were
calculated to be 3.00 μg/L and 1.70 μg/L,
respectively. The reason of this this level of
cadmium concentration in the dam can be attributed
to the artificial phosphate fertilizers used for the
agricultural activities around the lake. Under the
lights of those values, it was determined that the dam
shows Class I water characteristic in terms of lead
(Pb) and cadmium (Cd) elements according to
SWQMR.
Maximum concentration of the copper (Cu)
element was found to be 13.00 μg/L. The reason of
this concentration is thought to be caused from the
penetration of copper, which was accumulated in the
soil due to dense usage of copper vitriol during
maintenance and pruning processes in fruit gardens
in spring season, into the dam waters through rain.
According to the SWQMR, the dam shows Class I
water characteristic in terms of copper (CU).
The maximum concentration of ferrous (Fe) in
the dam was found to be 0.01 mg/L. The
concentrations of ferrous peaked during summer
season due to wide wheat planting around the lake.
Since the use of ferrous-containing agricultural
pesticides in order to increase the grain productivity
of wheat plants increases especially between May
and June, the ferrous-containing waters and particles
may leak into the dam through rain and leakages.
The maximum concentrations of Zinc (Zn),
nickel (Ni) and mercury (Hg) during the study were
found to be 61.00 μg/L, 22.00 μg/L, and 0.01 μg/L,
respectively. This level of mercury concentration in
the dam may be caused by flows from cultivation
areas into the lake, since the use of fertilizers is very
common in Zara district. The level of concentration
of zinc is caused by the incineration of wastes of
mining and coal mining industries and the processes
of iron and steel industry. It is used as oxide stain
material in plastics, cosmetics, copy and wall papers,
printer inks, ceramics, rubber industry, and
fertilizers. Under the lights of these values, it was
determined that the dam shows Class I water
characteristic in terms of zinc (Zn), and mercury
(Hg) and Class II in terms of nickel (Ni) according
to SWQMR.
$FFRUGLQJ WR WKH ³$TXDWLF %LUG DQG )LVK
&ULWHULD´ RI 5$06$5 FRQYHQWLRQ WKHUH DUH 
wetlands, which are of international importance, in
Turkey. Total surface area of those wetlands is
1,295,546 h. Of those 76 wetlands, 72 are important
for aquatic birds, 4 are important for fishes, and 16
are important for both. When the evaluations being
performed according to other criteria of RAMSAR
Convention will be completed, more wetlands will
be taken under protection within the scope of
RAMSAR.
For this reason, it is required to know the
characteristics of waters of wetlands, which are
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THE EFFECT OF SOIL PROPERTIES ON CHARACTERISTICS
OF HALOPEPLIS PERFOLIATA COMMUNITY IN THE
COASTAL ENVIRONMENT IN EASTERN SAUDI ARABIA
:DID¶D$ Al-Taisan*
Department of Biology, College of Science, University of Dammam, Saudi Arabia

ABSTRACT

INTRODUCTION

Salt marshes are widely distributed in the eastern
province of Saudi Arabia with their own distinct
vegetation. The objective of this study were to study
the effect of soil properties on characteristics of
Halopeplis perfoliata community and plant response to
environmental conditions of the eastern coast of Saudi
Arabia. The study area is located at five sites: Ras
Tanura, Syhat, Dammam, Al-Uqair and Salwah of the
Arabian Gulf Coastal salt marshes in eastern province
of Saudi Arabia where the plants grows under the
natural environmental condition. Plant samples and
soil of H. perfoliata succulent (halophyte) collected
from the five sites. Several soil concentrations were
determined such as electric conductivity (EC), organic
carbon (O.C.), Na+, Clí, So4, K+, Ca2+, and Mg2+. The
highest concentrations of the ions of Na+, K+, Ca2+,
Mg2+ in soil samples were found in Dammam site
compared with the other sites, where &Oí is the major
ion followed by Na+, Ca2+, K+, Mg2+. The involvement
of photosynthetic pigments, and proline investigated.
Values of TWC and RWC and photosynthetic pigment
fractions content (chl. a, chl. b and carotenoids) from
the plants obtained from Dammam were higher. In this
study proline contents increased significantly in the
leaves of H. perfoliata
as the salt concentration
increased. A total of 57 plants species were identified
in all the five study site. The life forms of the studied
plant spices exhibit a wide variation, perennial shrub
(PSH) were the dominate growth form (63.16 %). This
research suggests that H. perfoliata could remove salt
from soil.

The Arabian Gulf is characterized by high
salinity with high annual temperature variations and
salinity, high temperatures and shallow waters
particularly in the west coast of the bay in front of the
Arabian *XOI¶V states. [1] three main ecosystems
coastal habitats vegetation, littoral salt marshes,
coastal plain and inland zone in Saudi Arabia. The land
substratum is saline along the Arabian Gulf, which is
optimal for the growth of salt-tolerant. [2] reported that
habitats are stressful environments. High salinity in
soil had deleterious effects on plants. [3] stated the
importance of ecological and potential economic
values of salt marshes. Sabkha (salt flat) are found in
definite areas of the Eastern side of the Saudi Arabia
and in cities which well populated along the Red Sea
[4]. [5] stated that Halophyte plants are found
inclusively in warm, arid to semi-arid saline habitats.
Halophytes are plants that can tolerate high salinity
levels, and remove accumulated salts from the surface
layer of the soil [6]. They also have some adaptive
features like salt secretion (salt glands and bladders) or
increase succulence to deal with high concentration of
ions in the cell [7]. Halophytes, especially succulent
plant species are widely distributed in salt marshes in
the eastern province of Saudi Arabia. The habitat for
this species usually seen close to the seashores of Red
Sea area and in the Tarut Island in the Arabian Gulf.
Also, Small and large populations of this species are
found near Dammam and Ras Tanura where the soil is
somewhat silty and slippery with high water content.
One of the dominate in the costal halophytes is
Halopeplis perfoliata. Halopeplis perfoliata (Forssk)
Bunge ex Schweinf.Vernacular Name: Khurrayza. The
habitat for this species usually seen in saltmarsh at the
coast or in sabkhahs near coast, which can grow under
highly saline conditions. [8] mentioned that the
presence of H. perfoliata at central coastal low land,
Tarut Island in the Arabian Gulf, frequent around
Dammam and Ras Tanura (sabkhahs near Rahimah).
South Coastal Lowlands 21 Km SSE Al-Uqayr,
Salwah. Halophytes have huge potential in agricultural

KEYWORDS:
Halophytes, succulent,
pigments, proline.
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development and habitat restoration in areas affected
by salinity [9]. Also, halophytes can be very useful
under such situations they can be used for industrial,
ecological and agricultural purposes, considered for
the production of food, forage, oil, wood, timber,
ornamental, medicine and biofuel [10], [11], [12].
High salinity tolerance is reported from all kinds of
halophytes but stem succulent have the highest
percentages of them. The salt tolerance decreased
progressively from leaf succulent, secreting to grass
halophytes. The principal mechanism of halophytic
adaptation may be the high Na+ and Cl- absorption.
Na+ ions and Cl- when present in soil in elevated
concentrations are tremendously toxic for plants
because of their effect on K+ nutrition, cytosolic
enzyme activities, photosynthesis and cellular
metabolism [13]. Salt-tolerant shrubs and trees
(Prosopis, Tamarix and others) can be planted for
conservation, stabilization, rehabilitation of degraded
environments, and to reverse desertification. These
types of halophytes have a salt bladder on their leaf
surface. Succulents store large amount of water within
their body to minimize salt toxicity [14]. Proline is an
amino acid that plays multifunction role in stress
defense. Accumulation of proline in response to
various environmental stress is well documented [15],
[16]. The purpose of the present study is to shed light
on the effect of soil properties on characteristics of
Halopeplis perfoliata community and plant response to

environmental conditions of the eastern coast of Saudi
Arabia.

MATERIAL AND METHODS
Study area. This work carried out during 20132014, at five different coastal sites, which is located in
Saudi coast on Arabian Gulf, to study the H. perfoliata
characteristics. (Site I): RasTanura: Salt marsh located
in the supra tidal region. (Site II): Syhat: Central
Coastal low. (Site III): Dammam: Sabkha (salt flat).
(Site IV): Al-Uqair: sandy beaches intertidal. (Site V):
Salwa: coasts with dunes and saline marsh (Table 1
and Figure 1). Several exploratory trips have been
done to all parts of the study area to identify the
geographical distribution of community H. perfoliata,
where a typical suitable sites were selected to conduct
field measurements. Meteorological station data for
the period from 1993 to 2013 shows the climate is arid.
Summer mean maximum air temperature is 46.1 °C
and 45.0 °C, at Al-Ahsa and Dammam, respectively.
On the other hand, winter mean minimum temperature
is 29.8°C and 29.4°C at Al-Ahsa and Dammam
respectively, with the coldest mean temperatures in
January and warmest in July and August. The rainy
season is limited to the winter months from November
to May. The average annual rainfall is 86.4 mm and
85.2 mm at Al-Ahsa and Dammam, respectively.

TABLE 1
Description of the studied sites (, ϩ, Ϫ, ϫ, Ϭ) from Saudi Arabia during 2013-2014.
No.

Location On Map

Coordinates

I
II
III
IV
V

Ras Tanurah
Syhat
Dammam
Al-Uqair
Salwa

N 26°37'47.44"
N 26°28'10.55"
N 26°28'17.95"
N 25°42'0.00"
N 24°44'34.11"

E 50° 9'50.26"
E 50° 3'51.66"
E 50°11'13.53"
E 50° 9'8.48"
E 50°45'36.91"

(a)

Altitude Above the
sea level
1m
1.5m
2.5m
0.5m
1m

(b)
FIGURE 1
The study area at the coastal part of the Arabian Gulf, Saudi Arabia (A)
Satellite map of Arabian Gulf, Saudi Arabia shows the Studied areas (B).

5820

Volume 25 ± No. 12a/2016, pages 5819-5829

© by PSP

Fresenius Environmental Bulletin


Soil Analysis. Soil samples had taken at three
points randomly from each site at a depth of 0-30 cm
close to plants by using a digging tool. Samples were
dried by air, and sieved with 2 mm mesh size. Textural
analysis performed using the hydrometer method [17].
Percentages s of soil water content (SWC %)
determined by evaluating weight loos after drying at
105°C for 24 h [18]. 6RLO¶VZDWHUH[WUDFWV  Zere
prepared. Electrical conductivity (E.C.) mmhos/cm
and soil pH was determined according to [18]. Total
soluble salts, TSS %, organic carbon (OC), chlorides
(Clí) and sulphates (SO4), g100 g-1 dry wt. were
analyzed as described by [18]. In addition, soil
nutrients (Na+, Ca2+, K+ and Mg2+) were determined
in the 1:5 soil extract Absorption Spectrophotometer
that expressed as (g 100 g-1 dry wt.) [19]. Twenty-five
analogous quadrats (2x2m), were placed in
demonstrative stands conquered by Halopeplis
perfoliata. Plant species were classified according to
[8], [20], [21]. For each species, floristic constitution,
species recurrence in quadrats of one site, % and = R)
and recurrence index of all quadrats in five sites, were
calculated as a percentage according to [22].

weight (FW) and dry weight (DW) was measured after
dried by tissue paper and then at 60ஈ for 48h. Tissue
water content (TWC) was determined as
TWC(%)=100×(FW-DW)/(TW-DW), where TW
impedance for affected plant fresh weight [24]. By
dividing the value on the highest value among
treatments, the relative value had been calculated.
Also, by measuring relative water content (RWC)
Plant water content was defined according to [25].

Plant Analyses. Shoots plant were oven ±dried at
85°C for 24 h. and weighed with an electronic balance.

Statistical analysis. Values shown in figures
were mean standard deviation (SD) of at least three
replications of experiments. All the data were
subjected to statistical analysis of each of the variance
(ANOVA). The treatment mean values were compared
E\'XQFDQ¶VPXOWLSOHUDQJHWHVWDWP 0.05 significance
level.

Estimation
of
Chlorophyll
Content.
Chlorophyll a, chlorophyll b, and carotenoids
concentrations extracted and estimated from a known
fresh leaves in 80% (v/v) aqueous acetone, to the
suitable concentration for spectrophotometric
measurements using spectrophotometer (UV-1800)
following the standard method of [26]. Values were
expressed in mg-¹F. wt.
Estimation of proline. Proline content was
determined from the same plants as above, following
essentially the method of [27]. Contents of proline
ZHUHH[SUHVVHGDVȝPROJ-¹F. wt.

Succulence. Leaf succulence fated as plant water
content ratio and dry weight followed by [23]
methodology.
Plant water status. Collected plant material
from all sites were cleaned with distilled water. Fresh

TABLE 2
Physical properties of studied sites (Ϩ
Ϩ, ϩ, Ϫ, ϫ, Ϭ) from Saudi Arabia during July 2013-2014 Study area.
Depth 0-30 (cm).
Study area

pH

EC

I
II
III
IV
V

7.494
8.360
8.890
8.517
7.983

85.133
11.633
106.333
31.700
76.600

Particle-size distribution of soil (%)
sand
Silt
87.70
5.60
67.12
22.00
73.00
13.50
92.23
3.10
71.00
20.00

Clay
6.70
10.88
14.77
4.67
10.50

Texture
sandy
Sandy loam
Sandy loam
sandy
Sandy loam

TABLE 3
Chemical properties of soil at five sites of H. perfoliata. Data are the average of four replicates (P<0.05).
Study
area
I
II
III
IV
V

K+

Mg2+

Ca2+

Na+

Clí

SO4

OC

TSS

SWC

0.791a
0.371b
0.820a
0.511b
0.701a

0.292a
0.127c
0.194b
0.111c
0.074c

3.645a
2.390b
3.875a
2.223b
2.706b

7.865b
4.227d
8.778a
5.290c
8.081ab

20.843a
11.394c
33.210d
23.543c
18.009b

4.084a
1.747c
3.747ab
1.551c
3.094b

1.058a
0.374b
1.058a
0.200c
0.932a

15.097b
10.860e
18.570a
13.737c
12.843d

7.393b
3.659d
6.142c
12.345a
0.868e

SWC: soil water content, TSS: total soluble salts.
While the lowest values of succulence were attained by H. perfoliata UHDFKLQJLW¶VRIDW6LWe II.
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amount of SWC (12.34 %) was seemed from soil
profile of Site IV than that which recorded in other
Sites. The sulfate content of Site V (4.084%) was
higher than other Sites. The values of Ca2+ content are
higher than K+, Mg2+ and 0.371% was the lowest
value recorded of K+. The soil had poor (Explain OC)
values extending from 0.20 -1.05 %. Cations of all the
analyzed data behaved as the same trend, at site III
record the highest values in soil, while the lowest
values recorded in soil at site II (Table 3).

RESULTS
Soil properties. The properties (physical and
chemical) of soil samples from the stands dominated
by the five selected sites presented in Soil Texture
varied between sandy and sandy loam (Table 2). Soil
were generally alkaline in all sites with pH ranging
from 7.49 to 8.89. Conductivity (E.C.) ranged between
11.63 -106.33 mmhos/cm. The data in Table 3 showed
that concentrations of total soluble salts soil samples
ranged from 10.86% to 18.57%. The Chloride record
for the highest value of other nutritional elements
which at II and III Sites respectively. Whereas Na+ is
present the second place in the quantity of soil, where
recorded value II and III Sites respectively. Higher

Plant analysis. Succulence. From result
obtained in Figure 2 higher ratio of succulence (5.96
and 6.59) seemingly is the description of H. perfoliata
during the study period within the two investigated
sites III and V.
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FIGURE 2
Variations of succulence (Succ.) contents in H.
perfoliata leaves at the five sites. Data are the
average of four replicates (P<0.05).
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FIGURE 3
Variations of tissue water contents (TWC%) in H.
perfoliata leaves at the five sites. Data are the
average of four replicates. Different letters above
the columns indicate significant differences
between treatments at P<0.05.
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FIGURE 4
Variations of relative water contents (RWC %)
in H. perfoliata leaves at the five sites. Data are
the average of four replicates. Different letters
above the columns indicate significant
differences between treatments at P<0.05.

FIGURE 5
9DULDWLRQVRISUROLQH 3 FRQWHQWV ȝPROJ-¹F. wt.)
in H. perfoliata leaves at the five sites. Data are the
average of four replicates (P<0.05).
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significant effect on proline contents, the highest
YDOXHVȝPROJ-¹F. wt. at site III, was 66,67,45 at
VLWH,,,,,DQG,,ZKLOHWKHORZHVWYDOXHZDVȝPRO
g-¹F. wt.

Plant water status. Figures 3 and 4 shows that
TWC and RWC percentages were varied of H.
perfoliata at the five sites. H. perfoliata attained the
highest value of TWC (84.82%) at Site IV whereas the
lowest record of TWC (77.46%) was observed at Site
IV However, the maximum values of RWC were
recorded by the H. perfoliata at both sites of I and II
(90.22 and 90.33%) respectively. In general, data of
Figures 4 and 5 indicated that Site II showed higher
percentages of TWC and RWC compared with other
sites.

Photosynthetic pigments. It was noticed that
chlorophyll a and b and carotenoids content of H.
perfoliata leaves at the area studies varied - according
to salt concentration in soil, the highest values of
chlorophyll
a
and
b
and
carotenoids
contentwere1.9552,0.6488,2.4728
mg-¹F.
wt.,
respectively at the site II, while the lowest value were
0.2799, 0.0844, 0.5600 mg-¹F. wt. respectively at the
site III (Figures 6,7 and 8).

Proline content. Proline accumulation may be a
general response to salinity stress. Results of this study
(Figure 5) show that salinity concentrations have a
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FIGURE 6
Variations of chlorophyll (chl.a) contents (mg g-¹ F.
wt. ) in H. perfoliata leaves at the five sites. Data are
the average of four replicates (P<0.05).
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FIGURE 7
Variations of chlorophyll (chl.b) contents (mg g-¹ F.
wt. ) in H. perfoliata leaves at the five sites. Data are
the average of four replicates (P<0.05).
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FIGURE 8
Variations of carotenoids (carot.) contents (mg g-¹ F. wt.) in H. perfoliata leaves at the five sites. Data are
the average of four replicates (P<0.05).
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TABLE 4
A list of the species recorded in the study area with their families, Growth form, Recurrence (R) and
Recurrence index(RI)based on the recorder in 5 studied quadrats 2×2m² in each site.

Plant species

Family

Aizoonhispanicum L.
Leptadenia pyrotechnica (Forssk.) Decne.
Asphodelus fistulosus L.
Launaea capitata (Spreng.) Dandy
Pulicariaboisseri Hook.f.
Senecio glaucus L.
Arnebia hispidissima (Lehm)DC
Heliotrpium bacciferumForssk.
Heliotrpium digynum (Forssk) Ash.exC.Christ.
Paronychia arabica (L.) DC.
Anabasis setiferaMaq.
Arthrocnemum macrostachyum (Moric)K.Koch. Hort.
Atriplextatarica L.
Chenopodium album L.
Cornulaca monacantha Del.
Halocnemum strobilaceum (Pallas)M.Bieb.
Haloxylon persicum Bunge ex Boiss
Haloxylon salicornicum(Moq.) Bunge ex Boiss.
Halopeplis perfoliata(Forssk.) Bunge ex Asch.
Salsola baryosma (Roem.et Schult.) Dandy
Salsola imbricata Forssk.
Suaeda vermiculataForssk.
Suaeda monoica Forssk.
Helianthemum lippii(L.) Doum.Cours..

Aizoaceae
Asclepiadaceae
Asophodelaceae
Asteraceae
Asteraceae
Asteraceae
Boraginaceae
Boraginaceae
Boraginaceae
Caryophyllaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Chenopodiaceae
Cistaceae
Continued

Plant species

Family

Convolvulus glomeratusChoisy
Cressacretica L.
Cynomorinum coccineum L.
Cyperus conglomeratus Rottb.
Euphorbia granulataForrsk.
Alhagi graecorum Boiss..
Lotus halophilusBioss.&Sprum
Medicago indicus (L.)All.
Juncus rigidus Desf.
Acacia tortilis ( Forrsk. )
Neurada procumbens L.
Plantag oboissieri Hausskn.&Bornm.
Limonium axillare (Forssk.) O.Kuntze
Aeluropus lagopoides (L.)Trin ex Thawaites
Cynodon dactylon (L.) Pers.
Lasiurus scindicusHenr.
Lolium rigidum Gaud.
Panicum turgidum Forssk.
Pennisetum divisum (J.Gmel.)Henrard
Phragmites australis (Cav.) Trin.&Steudel.
Schismus arabicusNees
Stipagrostis plumose(L.) Munro ex T.Anders.
Rumex vesicarius L.
Lycium shawii Roem.exSchult
Tamarix aphylla (L.) Karst.
Tamarix nilotica (Ehrenb.) Bung
Typha domingensis Pers.
Avicennia marina (Forssk.) Vierh.
Fagonia indica Burm.f.
Zygophyllum coccineum L.
Zygophyllum mandavillei Hadidi
Zygophyllum qatarenseHadidi
Total

Convolvulaceae
Convolvulaceae
Cynomoriaceae
Cyperaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Juncaceae
Mimosaceae
Neuradaceae
Plantaginaceae
Plumbaginaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygonaceae
Solanaceae
Tamaricaceae
Tamaricaceae
Typhaceae
Verbenenaceae
Zygophylaceae
Zygophylaceae
Zygophylaceae
Zygophylaceae
26
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Sites
Growth
form
AH
PSH
AH
AH
AH
AH
AH
PSH
PSH
AH
PSH
PSH
AH
AH
PSH
PSH
PSH
PSH
PSH
PSH
PSH
PSH
PSH
PSH
Sites
Growth
form
PH
PH
PH
PS
AH
PSH
AH
AH
PR
PSH
AH
AH
PSH
PG
PG
PSH
AG
PG
PG
PG
AG
PG
AH
PSH
PSH
PSH
PR
PSH
PSH
PSH
PSH
PSH
-

Ϩ

ϩ

Ϫ

ϫ

Ϭ

R

R1

1
1
1
2
1
1

1
1
2
1
1
1
2
1
1
1
1
1

2
3
1
1
-

1
1
1
1

1
1

2
2
4
4
5
2

10
10
20
20
25
10
5
10
15
15

1
1
-

1
1
1
1

-

1
1
1
1
1
1
1
1
1
1
1
-

Ϫ

ϫ

Ϭ

R

R1

1
1
1
1
1
1
1
-

-

1
1
1
1
1
1
2
1
1
1
2
1

1
3
1
3
1
2
1
2
2
1
2
2
2
2
3
1
1
3
3
3
2
2
1
1
1
2
2
2
3
2
3
3
-

5
15
5
15
5
10
5
10
10
5
10
10
10
10
15
5
5
15
15
15
10
10
5
5
5
10
10
10
15
10
15
15
-

1
2
1
1
2

1
1

-

1
2
1
1
1
1
-

Ϩ

ϩ

1
1
1
1
1
1
1
1
1
1
1
1
1
25

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
33

1
1
1
1
1
1
1
35

1
1
1
1
2
1
1

1
1
1
1
1
0
1
1
22

1
29

3
3
3
5
3
3
2
5
2
3
7
2
4
4
3
1

25
15
15
10
10
15
35
10
20
20
15
5
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Number of specie and genus

perfoliata. The growth forms of the studied plants
species exhibit a wide variation, perennial shrub (PSH)
were found to be dominated growth form (49.12%)
followed by annual herbs AH (26.32%), perennial
grasses PG (10.53%), perennial herbs PH 5.26% and
annual grasses AG 3.51%, while other forms of growth
showed by 1.65%. It is clear during field trips to H.
perfoliata plant that small mound can be seen around
the individual plants. The plant of the H. perfoliata
community covers an area ranging from 40% to 60%,
colonizes the fringes of such flats, this plant being to
tolerant greater salinity than other species. H.
perfoliata dominates lowest flat which are often
flooded by the sea. The most common perennial
species recorded with H perfoliata were A. glaucum,
Anabasis setifera, Halocnemum strobilaceum,
Haloxylon salicornicum, Suaeda Vermiculata, Salsola
imbricate, Limonium axillare and Zygophyllum
mandaville.

Vegetation floristic features. From (Table 4,
Figure 9) the list showed that the vegetation of five
sites under studies is quite diverse with 57 species
belong 49 genera from 25 families. The highest
number of halophyte species is present in the
Chenopodiaceae family (14), followed by Poaceae
(Gramineae) 9 species, Zygophylaceae (4 species).
Growth forms of these plants also showed a high
degree of difference. The species in this field sites
differ from 1 to 7 in each quadrate and individual
numbers from 1 to 14 per quadrate. H. perfoliata was
the dominant species with high RI of 35% followed by
Arthocnemum macrostachyum with relatively RI 25%,
whereas the number of individuals reached in each site
35,33, 29, 25 and 21 for Site Ϫ, ϩ, Ϭ, Ϩ and ϫ
respectively. From data in Figure 10, it is clear that
percentages of perennial and annual plants were
36.84%, 63.16% respectively at five sites of H.
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Families

FIGURE 9
Families of plant, genus and species number of affiliate observed in the study area.

FIGURE 10
Percentage of growth forms for the study area.
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[37]. Reduction of photosynthesis under high levels of
salinity can be occurred due to biochemical and
destructive reactions. This explain that the ion
accumulation in different parts of the plant exerts toxic
effects on physiological processes in plant. Salt stress
may cause inhibition of photosynthesis due to several
reasons for example effect of salt stress on the
efficiency of translocation as well as assimilation of
photosynthetic product and stomata closure [38].
Parida and Das [39] suggested that such a decrease in
chlorophyll content in response to salt stress is a
general phenomenon. In this study proline contents
increased significantly in the leaves of H. perfoliataas
the salt concentration increased. Also proline content
have been reported to increase under NaCl stress in
Phaseolus aureus [40], Morus alba [41] and Lotus
japonicus [42]. Raghavendra and Reddy [43]
suggested that, under high salt stress plant cells
decrease their osmotic potential by accumulation of
some solutes such as proline and soluble sugars.
Increase in proline along with increase of salinity level
specifies the osmotic balance maintenance in low
water potential. In fact, [44] related that proline can act
as an osmoregulator or play a protective role at the
photosynthetic apparatus, but it is not efficient in
controlling the stomatal aperture in the cells. Data of
the present work showed that the highest values of
proline and lowest values of chlorophyll were detected
in H. perfoliataat Site III, which is associated with
relatively lower content of soil water availability as
well as higher values of TSS and EC. The intrinsic
photosynthetic water use efficiency tended to rise than
decline as the water stress increases in natural habitats
[45]. It observed by studying the fluorescent features
of vegetation H. perfoliata were the dominant species.
Also the growth forms of the studied plant spices
exhibit a wide variation. [46] reported that about 2200
halophytic species were found in the literature
worldwide. The higher cover of species records at site
III Where moisture is available to some extent. This is
in agreement with result [47] who found that the
number of species in soil water availability, followed
by site II. Moisture availability is responsible for the
largest component of variability in the spatial
distribution of desert species. This improvement in soil
condition and local differences in microtopography
reflected a greater species diversity including many
glycophytes and some annuals around nebkha. Nebkha
systems are highly suitable for this, given the variation
in growth habits, life forms and rooting habits of
nebakha building plans [48], [49]. On other hand,
groups in site I, II and III are less well and separated,
this is because to be a mixed community of shrubs and
grasses this is consistent with [30]. Sidorova et al., [50]
reported that the factors affect the distribution of
vegetation: the composition of the soil solution, the

DISCUSSION
Arabian Gulf climate is characterized by low
rainfall and with high temperatures varaiations, [28]
reported that the Saudi Arabia is a dry area based on
low rainfall which is common in most arid areas [29].
This is in agreement with [30], who revealed that the
weather in Saudi region has dry and humid
environment.
The early precipitation of rain in September,
contributes significantly to the increase in quantity and
quality annuals, it also has an indirect effect on
perennial plant species, such as: Haloxylon sp,
Halopeplis perfoliatap, Seidlitizia rosmarinus, which
blooms during this season of the year. Soil chemical
analysis for the different sites shows that chlorides and
sodium are the dominant ions where the region close
to the Arabian Gulf. Where as, EC (electrical
conductivity) increased was linked to an increased,
SO4, &Oí, Ca2+, Na+, these results are in agreement
with those obtained by [31]. The accumulation of
sodium and the concomitant decrease of potassium
levels in the soil to be one of the general characteristics
of soil halophytes, in agreement with the notion that
Na+ can compete with K+ for the same binding site,
when accumulated in cytoplasm it inhibits many
enzymes [32]. Saadeddin and Doddema [33]
demonstrated that distribution of some halophytic such
salinity, moisture content, soil texture, organic matter
and calcium at different ecosystems has the best
correlation along soil mutable slope. In the present
study, soil salinity plays important roles in controlling
the distribution of tested halophytes along the salt
marshes in eastern Saudi Arabia coast, also K+, Na+
and CaCO3 has the same effects.
Results cleared that leaves H. perfoliata were
more succulent plant at site II that characterized by soil
having high salinity as site compared with other sites.
Also H. perfoliata became more succulent and high in
salinity, due to the accumulation of Na+ and water in
shoots, these results are in agreed with those obtained
by [34] when they studied accumulation of Na+ and
water in shoots of the halophyte Arthrocnemum
jruticosum. Succulence causes an increase in cell size,
decrease in extension of growth, decrease in surface
area per tissue volume leading to higher water content
per unit surface area and helps the plant to cope with
salinity stress [14]. High salinity cause an increase in
electrical conductivity and increase the content of
proline. On the other hand, chlorophyll content
decreases and this is consistent with report of [35], who
found the chlorophyll decreased significantly, while
the electrolyte leakage and the proline concentration
increased considerably under salinity stress in pepper
plants, that agreement to [36] in halophytic grass
Panicum turgidum, similar results were obtained by
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[5] El Shaer, H.M. (2003) Potential of halophytes as
animal fodder in Egypt, Tasks for Vegetation
Science, 38, 111±119.
[6] Shaaban, M.M. and El-Fouly, M.M. (2002)
Nutrient content and salt removal potential of
wild plants grown in salt affected soils, Proc.
,QWHU6\PSRQ³7HFKLTXHVWR&RQWURO6DOLQDWLRQ
for HorticuOWXUDO3URGXFWLYLW\´(GV$Nsoy, U. et
al., Acta Hort., 573, 377±385.
[7] Greenway, H. and Munns, R. (1980) Mechanisms
of salt tolerance in nonhalophytes, Annual
Review of Plant Physiology, 31,149±190.
[8] Mandaville, J.P. (1990) Flora of Eastern Saudi
Arabia, 1st Edn., Kegan Pual Int. Ltd., London,
ISBN-10: 0710303718.
[9] Al-Oudat, M. and Qadir, M. (2011) The
KDORSK\WLFÀRUDRI6\ULD International Center for
Agricultural Research in the Dry Areas, Aleppo,
Syria. 186 pp.
[10] Khan, M.A. and Ansari, R. (2008) Potential use
of halophytes with emphasis on fodder
production in coastal areas of Pakistan, Biosaline
Agriculture and High Salinity, 157±162.
[11] Aslam, R., Bostan, N., Amen, N., Maria, M. and
Safdar, W. (2011) A critical review on
halophytes: Salt tolerant plants, Journal of
Medicinal Plants Research Vol. 5(33), 71087118.
[12] Hasanuzzaman, M., Nahar, K., Alam, M.M.,
Bhowmik, P.C., Hossain, M.A., Rahman, M.M.,
Prasad, M.V., Ozturk, M. and Fujita, M. (2014)
Potential use of halophytes to remediate saline
soils, BioMed research international, Published
online 2014: doi: 10.1155/2014/589341.12 pages
[13] Niu, X., Bressan, R.A., Hasegawa, P.M. and
Pardo, J.M. (1995) Ion homeostasis in NaCl
stress environments, Plant Physiology, 109, 735±
742.
[14] Weber, D.J. (2008) Adaptive mechanisms of
halophytes in desert regions. In: Salinity and
water stress, Springer Netherlands, Netherlands
44, 179±185.
[15] Katare, D.N., Nabi, G., Aeri, V. and Ahmed, P.
(2012)
Biochemical
modification
and
enhancement of Psoralen Content in SaltStressed Seedlings of Psoralea corylifolia Linn,
Journal of Functional and Environmental Botany,
2, 65±74.
[16] Kim, G.B. and Nam, Y.M. 2013 Pyrroline -5
carboxylate synthetase gene of Medicago
trunctula plays a predominant role in stress ±
induced proline accumulation during symbiotic
nitrogen fixation, Journal of Plant Physiology,
170, 291±302.

height above sea level, the pH of water suspensions,
and the humus content.

CONCLUSION
This study has demonstrated ecological and
physiological tolerance of H. perfoliata to salinity
under high temperature and drought conditions which
correlated quite well with its distribution in dry
habitats with saline and alkaline soils. Photosynthesis
and growth were remained unaffected at moderate
salinity. It is better to use the above ecological
information of the H. perfoliata in practical application
at field circumstances. It is cheaper to use wild plants
for sand drifting for natural stabilization. It is safe and
fast than other conventional control measures. In
recent years, phytoremediation of saline soils studied
by several researchers, and it observed that the use of
some halophytes could remove salt from soil. This
research suggests that H. perfoliata could remove salt
from soil.
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THE PREVENTION OF THE DAMAGES OF IRON (FE) AND
ZINC (ZN) WITH THE JUGLONE
(5-HYDROXY-1,4-NAPHTHOQUINONE) ANTIOXIDANT
ACTIVITY IN THE TESTICULAR TISSUE OF RATS
Melda Azman, Nurgul Senol*
Süleyman Demirel University, Faculty of Health Sciences, Isparta, TURKEY
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ABSTRACT
The purpose of the study is to investigate the
damage caused by iron (Fe) and zinc (Zn) heavy
metals in the testis tissue of rats and the protective
impact of juglone ±an antioxidant in preventing this
damage- with the help of histological and
immunohistochemical methods. Adult, male WistarAlbino rats raised in Suleyman Demirel University
Experimental Animals Production and Experimental
Research Laboratory (HADYEK) were used in this
study. Subjects were randomly grouped into 5.
Group I; iron (Fe) (iron from 0.3 ml stock
solution/600 ppm. + 0.7 ml.water), Group II; zinc
(Zn) (zinc from 0.2 ml stock solution/400 ppm + 0.8
ml.water), Group III; iron (iron from 0.3 ml stock
solution /600 ppm.) + Antioxidant (juglone (5hidroxy-1,4-naphthoquinone)/200 ppm- 0.7 ml.),
Group IV; zinc (zinc from 0.2 ml stock solution/400
ppm.)+Antioxidant
(juglone
(5-hidroxy-1,4naphthoquinone)/200 ppm-0.7 ml.+ 0.1 ml. water),
Group V; Control (1 ml. Water); gavage was applied
to each group once a day throughout 30 days. At the
end of the experiment, rats were decapitated and
their testis tissues removed, then histological
staining and TUNEL method were applied following
the routine histological follow-ups. Based on the
histopathological examinations, significant damage
was observed in the testis tissue of the groups
administered with Fe and relatively Fe+Juglone. The
most explicit findings were; partly ruptures in
seminiferous tubules epithelium and decrease in
thickness of epithelium, dissociation in basal lamina
of the seminiferous tubules, decrease in the number
of germ cells, intense edema and congestion in the
interstitial area, and vacuolization in the
seminiferous tubules epithelium. The damage
associated with the Zn and Zn+Juglone was
determined to be less significant than the damage by
Fe and Fe+Juglone group. Based on the TUNEL
method, a significant increase was observed in the
number of apoptotic cells in Fe, Fe+Juglone and Zn
JURXSVFRPSDUHGWRWKHFRQWUROJURXS S ޒ1R
significant difference was observed between the Zn,
Zn+Juglone group and control group.

(5-hidroxy-1,4-

INTRODUCTION
Metals are vital for both humans and animals
and constitute the foundation of the industry and the
civilization. Mining started with copper 7-8 thousand
years ago and followed by bronze, iron, steel
industries and technologies. First, humans
themselves were exposed to these metals and then
they caused other creatures to be exposed to these
metals by polluting the environment. Today, there
are 50 metals and alloys used in industry, which are
UHIHUUHGWRDVµLQGXVWULDOPHWDOV¶(VVHQWLDODQGQRQessential metals are taken into bodies of living
organisms (plants, animals and humans) through
nutrition and some other ways (water, air, etc.).
Metals are found in natural waters as free ions,
organic or inorganic compounds, and as absorbed by
particulate matters. Even if they are accumulated in
the sediment, they transform to the ion from due to
certain physical and chemical events and show toxic
effects. Heavy metals found in water accumulate in
fish through nutrition and absorption and the
accumulation rate has been observed to vary
according to age, location and nutrition status of the
fish. Heavy metals accumulated in bodies of through
the food chain increase in amount as they pass from
organism to organism. Heavy metals do not
disappear from the environment in any way reach to
humans via the consumption of water products and
sometimes affect human health. They accumulate
especially in internal organs and cause various
diseases such as nervous diseases [1, 2].
The walnut tree (Juglans regia L.) is naturally
found in South-Eastern Europe, Asia, India and
China and some types of walnut tree are cultivated in
North America, North Africa and East Asia [3]. The
walnut tree naturally grows in every region of
Turkey and there are several types of walnut tree
known with the name of that specific region. The
bark, fruit coat, green fruit coat and leaf parts of the
walnut tree are widely used in pharmaceuticals and
5830
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Group II Zinc (Zn) (0.2 ml. stock solution,
Zn/400 ppm. + 0.8 ml. water) (n:7)
Group III Iron (Fe) (0.3 ml. stock solution, Fe/600
ppm.) + Antioxidant (juglone (5-hidroxy-1.4naphthoquinone)/200 ppm- 0.7 ml.) (n:7)
Group IV Zinc (Fe) (0.3 ml. stock solution, Zn/400
ppm.) + Antioxidant (juglone (5-hidroxy-1.4naphthoquinone)/200 ppm- 0.7 ml. + 0.1 ml. water)
(n:7)
Group V Control (1 ml. water) (n:7)
Body weights were measured prior to the
experiment in all experimental groups. Body weights
were tracked on a weekly basis once the experiment
started. The Paired Samples T test was used in order
to determine the significance of differences between
the experimental group and the control group. At the
end of the one-month experiment, testicular tissues
of the rats were extracted gently under ketamine (90
mg/kg)-xylazin (10 mg/kg) anesthesia. First, tissue
samples were washed in physiological saline
solution and then one testicle of each rat was put in
Bouin solution and the other testicle was put in 10%
formalin solution. Tissues were washed under tap
water for a night in order to remove fixatives. Then,
the routine histological tissue tracking procedure
was performed. The routine tissue tracking started
with 70% alcohol, followed by 80% alcohol, 96%
alcohol, 100% alcohol I, 100% alcohol II and 100%
alcohol III respectively. Each treatment lasted for an
hour and performed carefully. Then, tissue samples
were kept in xylene I, xylene II and xylene III for 15
minutes each and put in xylene-paraffin in incubator.
30 minutes later, tissue samples were removed from
the xylene-paraffin mixture and kept in molten
paraffin at room temperature. In order to form
blocks, samples in frozen paraffin were put into
incubator and buried in paraffin after melting
completely. 5-Pm-thick sections were taken from
paraffin blocks. Hematoxylin & Eosin staining and
Masson's Trichrom staining and were applied to
sections taken for general histological examination
[12]
.
Preparations were examined under microscope
(Leica DM 500). Seminiferous tubules diameters and
tunica albuginea thicknesses of all rats were measure
with the ocular micrometer attached to the
microscope. In addition, testicular interstitial
connective tissues were examined and 100
interstitial areas were determined and Leydig cells
were counted with a 40 mm lens. The configuration
of spermatogenic cells in seminiferous tubules was
compared between the experimental group and the
control group. SPSS 20.00 was used for statistical
evaluation of seminiferous tubule diameter, tunica
albuginea thickness and Leydig cell count. The
Paired Samples T test was used in order to determine
the significance of differences between the
experimental group and the control group.

the cosmetic industry and also in the carpet
manufacturing and the textile industry as coloring
agent [4]. The green fruit coat and leaf parts of the
walnut tree are known and used in traditional
medicine for their blood vessel strengthening,
astringent, anthelmintic, antidiarrheal, antifungal,
hypoglycemic, hypotensive and sedative properties
and especially dried walnut leaves are widely
consumed as tea in some European and Asian
countries. The green fruit coat and leaf parts are very
rich in phenolic substances and flavonoids. These
phytochemicals provide a protective effect against
degenerative diseases by reducing oxidative stress
and preventing macromolecular oxidation. They also
provide an anticarcinogenic effect by removing free
radicals [5, 6, 7, 8, 9]. The most widely known active
substance
is
juglone
(5-hidroxy-1.4naphthoquinone), found in large amounts in green
young leaves and this substance has a very strong
antioxidant and antimicrobial property [13]. The
antimicrobial activity of the bark, leaf, green fruit
coat of walnut and the juglone substance has been
found in various studies [4, 8, 10, 11].
This study aims to determine damages caused
by heavy metals (Fe and Zn) given in certain doses
to testicular tissue and histologically examine effects
of
antioxidant
juglone
(5-hidroxy-1.4naphthoquinone) applied in order to reduce these
damages by statistically evaluating seminiferous
tubule diameter, tunica albuginea thickness and
Leydig
cell
count.
In
addition,
the
immunohistochemical TUNEL (TdT-dUTP nickend-labelling) method is used in order to determine
DNA damage in cells. The Paired Samples T test is
used in order to determine the significance of
differences between the experimental group and the
control group in terms of apoptotic cell count,
seminiferous tubule diameter, tunica albuginea
thickness and Leydig cell count.
MATERIALS AND METHODS
Experimental Animals and Groups. 35
Wistar albino type male rats aged between 250-280
days were used in the study upon the approval of the
Experimental Animals Ethics Board of Suleyman
Demirel University (decision 27-01 dated 07
November 2014). The average temperature was
22±2 °C and the relative humidity was 50% ± 5 in
the laboratory throughout the experiment. The rats
were given standard feed and water in a room
illuminated for 12 hours and dark for 12 hours. The
rats were randomly assigned to 5 groups of 7 and the
heavy metal and antioxidant applications were
performed with the gavage method on a daily basis
for 30 days.
Group I Iron (Fe) (0.3 ml. stock solution, Fe/600
ppm. + 0.7 ml. water) (n:7)
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TABLE 1
Body weight with Paired Samples T Test
Groups
Significant
Mean
Std. Error Mean
First measurement ±1st 0,415
286,571-281,000
12,461-17,679
week
First measurement ± 0,296
286,571-281,142
12,461-15,451
Fe
2nd week
First measurement ±3rd 0,424
286,571-290,714
12,461-15,971
week
First measurement ±4th 0,019
286,571-301,000
12,461-15,589
week
First measurement - 1st 0,408
297,714-293,714
6,840-7,763
week
First measurement ± 0,128
297,714-288,285
6,840-6,607
Fe+Juglone
2nd week
First measurement - 3rd 0,502
297,714-295,000
6,840-7,767
week
297,714-302,428
6,840-7,951
First measurement - 4th 0,263
week
First measurement - 1st 0,224
329,285-334,285
7,032-8,368
week
First measurement ± 0,126
329,285-334,428
7,032-9,125
Zn
2nd week
First measurement ± 0,438
329,285-333,285
7,032-9,980
3rd week
First measurement - 4th 0,027
329,285-338,571
7,032-7,717
week
First measurement - 1st 0,199
323,571-346,142
13,520-11,729
week
First measurement ± 0,299
323,571-342,142
13,520-12,969
Zn+Juglone
2nd week
First measurement - 3rd 0,747
323,571-332,428
13,520-20,116
week
First measurement -4th 0,229
323,571-349,571
13,520-15,149
week
First measurement - 1st 0,142
314,857-310,428
11,306-11,791
week
314,857-307,571
11,306-12,809
First measurement ± 0,101
2nd week
Control
First measurement - 3rd 0,294
314,857-310,571
11,306-10,736
week
First measurement -4th 0,633
314,857-316,714
11,306-11,094
week
* It was significant LQFUHDVHEHWZHHQWKZHHNDQGILUVWPHDVXUHPHQWLQ)HJURXS S ޒ
,WZDVVLJQLILFDQWLQFUHDVHEHWZHHQWKZHHNDQGILUVWPHDVXUHPHQWLQ=QJURXS S ޒ
dehydrated with alcohol series and washed with
PBS. Then, tissues were incubated with 5%
proteinase K for 10 minutes and with 3% hydrogen
peroxide for 5 minutes in order to prevent the
endogenous peroxidase activity. After washing with
PBS, tissues were incubated with Equilibration
Buffer for 20 minutes and kept in a humid
environment at 37ºC. TdT enzyme was applied in a
humidified chamber at 37°C for 90 minutes. Tissues
were kept in Block Buffer for 10 minutes and then in
Stop/Wash Buffer for another 10 minutes and
incubated with Anti-Digoxigenin-Peroxidase for 30
minutes. Apoptotic cells were visualized with
diaminobenzidine (DAB) substrate. Apoptotic cells

Immunohistochemical Study. Testicular
tissues extracted after the decapitation treatment
were fixed in formalin solution. They were buried in
paraffin after routine tracking. 5-Pm-thick sections
were taken from paraffin blocks and put into
polylysine slides. The TUNEL method (TdTmediated dUTP-digoxigenin nick end labelling),
which determines DNA fragmentation, was applied
in order to stain apoptotic cells. In accordance with
the instructions of the manufacturer, cells that
underwent apoptosis were determined using
ApopTag Plus Peroxidase In Situ Apoptosis
Detection Kit (Chemicon, cat no: QIA33, USA).
Tissues were deparaffinized with Xylene and
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group. Unlike the Fe group, no bleeding sites
were observed in testicles (Figure 8).

were identified by a brown core. A total of 80 tubules
were used to count apoptotic cells using a 20mm
lens; 8 preparations from each group and 10 tubules
from each preparation. SPSS 20.00 was used for
statistical evaluation. The Paired Samples T test was
used in order to determine the significance of
differences between the experimental group and the
control group.



RESULTS

FIGURE 1
Control Group, seminiferous tubules, germ cells
and interstitial area, Masson's trichrome, X 40

Body Weight Measurement Results. Body
weights of Wistar albino type rats were tracked on a
weekly basis once the experiment started. It was
found using the Kolmogrov-Smirnov test that body
weights had a normal distribution. Then, the Paired
Samples T Test was used in order to see whether
WKHUHZDVDVLJQLILFDQWGLIIHUHQFH 3 ޒEHWZHHQ
body weights prior to the test and weekly
measurements (Table 1).
It was found that there was a significant
difference between the measurement prior to the
experiment and the measurement on the 4th week of
the experiment in Fe and Zn groups. There was an
increase in weight in both groups. It was found that
Fe and Zn heavy metals caused rats to gain weight,
while the antioxidant effect of juglone prevented this
to occur in Fe+Juglone and Zn+Juglone groups. It
was concluded that the gain weight in rats might be
due to affected appetite.

FIGURE 2
Control Group, seminiferous tubules, germ
cells, H&E, X 40

Histopathological Results. It was found that
tunica albuginea, seminiferous tubules, interstitial
connective tissue and Leydig cells had a normal view
in the control group. It was seen that basal lamina of
seminiferous tubule was regular and epithelium had
a normal structure. Sertoli cells and spermatogonium
had
normal
configuration.
No
bleeding,
inflammation or edema in general structure of
testicular tissues and no damage in seminiferous
tubules were observed (Figure 1,2).
There were breaks in epithelium of
seminiferous tubule and a decrease was observed in
epithelium thickness in the Fe group. It was found
that there were splits in basal lamina of seminiferous
tubule, a decrease in germ cells, intense edema and
congestion in interstitial area and vacuolization in
epithelium of seminiferous tubule. It was also
observed that interstitial connective tissue was
reduced compared to the control group (Figure 3, 4,
5, 6, 7).
Although there were breaks in epithelium of
seminiferous tubule and a decrease was observed in
epithelium thickness in the Fe+Juglone group, the
severity was lower. Decrease in germ cells, edema in
interstitial area and vacuolization in epithelium of
seminiferous tubule and decrease in interstitial
connective
tissue
were
evident,
but
histopathologically less severe compared to the Fe

FIGURE 3
Fe Group, intense edema and vacuolization in
the interstitial area, H&E, X 40

FIGURE 4
Fe Group, decrease in the interstitial area,
decrease in the number of germ cells and
vacuolization, H&E, X 20

FIGURE 5
Fe Group, edema and vacuolization in the
interstitial area and germ cells, H&E, X 40
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It was observed that damages in testicles
were not as severe as the Fe and the Fe+Juglone
group in the Zn group. Even so, there were breaks in
epithelium of seminiferous tubule and a decrease
was observed in epithelium thickness. Splits were
observed in basal lamina of seminiferous tubule.
There was a decrease in germ cells, mild edema in
interstitial area and vacuolization in epithelium of
seminiferous tubule (Figure 9).
Although tunica albuginea and seminiferous
tubules had a normal view in the Zn+Juglone group,
a decrease in interstitial connective tissue was
observed, although not as severe as the Fe group,
Fe+Juglone group or the Zn group. It was seen that
basal lamina of seminiferous tubule was regular and
epithelium had a normal structure. Sertoli cells and
spermatogonium had normal configuration.
However, mild vacuolization was observed in germ
cells. No bleeding, inflammation or edema was
observed in general structure of testicular tissues
(Figure 10).
It was found as a result of histochemical
staining that damage in the Fe group was higher in
comparison to other groups. It was observed that
there was relatively less damage in testicular tissues
in the Fe+Juglone group with the protective effect of
juglone. In terms of damage severity, the Zn group
had the third place with mild histopathological
findings. Findings of the Zn+Juglone group was
similar to the control group. In conclusion, it was
found that although Zn caused damages in the
testicular tissue as well, they were not as severe as
damages caused by Fe. Although damages were not
completely prevented, it was observed that damages
were milder in the Fe+Juglone group and the
Zn+Juglone group with the protective effect of
juglone. Histologically, it was found that testicular
tissues in the Zn+Juglone group were similar to
testicular tissues in the control group and had a view
close to normal (Table 2). It was concluded that
juglone had a protective effect, however the dose
used in this study was not sufficient and the
protective effect might be enhanced in higher doses.

FIGURE 6
Fe Group, edema in the interstitial area,
decrease in the number of germ cells and
vacuolization, H&E, X 40

FIGURE 7
Fe Group, edema and congestion in the
interstitial area, decrease in the number of germ
cells and vacuolization, H&E, X 20

FIGURE 8
Fe+Juglone Group, decrease in the interstitial
area and in the number of germ cells and
vacuolization, H&E, X 10




MORPHOMETRIC RESULTS

FIGURE 9
Zn Group, decrease in the interstitial area and
in the number of germ cells, H&E, X 40

Leydig Cell Count. The comparison between
Leydig cell counts of rats in experimental groups can
be found in Table 3. As a result of statistical analysis,
a significant decrease in Leydig cell count was
observed in the Fe group and the Fe+Juglone group
FRPSDUHG WR WKH FRQWURO JURXS S  ޒ+RZHYHU
no significant difference was found between the
control group, the Zn group and the Zn+Juglone
JURXS LQ WHUPV RI /H\GLJ FHOO FRXQW S  ޒ,Q
addition, there was no significant difference between
the Fe group and the Fe+Juglone group as well
S ޒ



FIGURE 10
Zn+Juglone Group, interstitial area,
seminiferous tubules, H&E, X 40
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TABLE 2
The severity of damage to the Group
Fe
Fe+Juglone Zn
Zn+Juglone
Severity of
+++
++
+
damage
+++ intensive, ++ middle, + light, ± so light

±

Control
±

TABLE 3
Mean and standard deviation on the number of Leydig cells of the groups
Groups
Mean and standard deviation on number of Leydig cells
Control Group (n:7)
25.250 ± 0.750
Fe Group (n:7)
13.875* ± 0.718
Fe+Juglone Group (n:7)
19.875** ± 0.718
Zn Group (n:7)
23.250*** ± 0.796
Zn+Juglone Group (n:7)
25.125**** ± 0.718
9DOXHLQWKH)HJURXSVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
9DOXHLQWKH)H-XJORQHJURXSVVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
*** It ZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ=QJURXSDQGFRQWUROJURXS S ޒ
,WZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ=Q-XJORQHJURXSDQGFRQWUROJURXS S ޒ
TABLE 4
The mean and standard deviation of the diameter of the seminiferous tubules in the groups
The mean and standard deviation of the diameter
Groups
of the seminiferous tubules
Control Group (n:7)
213.625 ± 5.870
Fe Group (n:7)
183.750* ± 8.539
Fe+Juglone Group (n:7)
192.500** ± 5.765
Zn Group (n:7)
217.7500*** ± 5.903
Zn+Juglone Group (n:7)
218.750**** ± 7.516
9DOXHLQWKH)HJURXSVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
9DOXHLQWKH)H-XJORQHJURXSVVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
*** It was no significant difference EHWZHHQ=QJURXSDQGFRQWUROJURXS S ޒ
,WZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ=Q-XJORQHJURXSDQGFRQWUROJURXS S ޒ

Immunohistochemical Results. Averages and
standard deviations related to apoptotic cell counts
of groups found using the TUNEL method can be
found in Table 6. The Paired Samples T test was used
in order to determine the significance of differences
between the experimental group and the control
group. As a result, a significant increase in apoptotic
cell count was observed in the Fe group, the
Fe+Juglone group and the Zn group compared to the
FRQWUROJURXS S)  ޒLJXUH 
No significant difference was found between the
control group, and the Zn+Juglone group (Figure 16,
17). The Fe group had the highest apoptotic cell
count. No significant difference was found between
the Fe group and the Fe+Juglone group as well. The
protective effect of juglone caused apoptotic cell
count
to
decrease
relatively.
Our
immunohistochemical findings supported our
histopathologic findings. Fe caused serious damages
on testicular tissue. Although damages were not
completely prevented, it was observed that tissue
damages were milder and apoptotic cell count was
lower in the Fe+Juglone group with the protective
effect of juglone. It was found as a result of

Seminiferous Tubule Diameter. The
measurement results related to seminiferous tubules
diameter of experimental groups can be found in
Table 4. As a result of statistical analysis, a
significant decrease in seminiferous tubule diameter
was observed in the Fe group and the Fe+Juglone
JURXS FRPSDUHG WR WKH FRQWURO JURXS S ޒ
However, no significant difference was found
between the control group, the Zn group and the
Zn+Juglone group in terms of seminiferous tubule
diameter (S ޒ


Tunica
Albuginea
Thickness.
The
comparison related to tunica albuginea thickness of
groups can be found in Table 5. As a result of
statistical analysis, a significant decrease in Leydig
cell count was observed in the Fe group, the
Fe+Juglone group and the Zn group compared to the
FRQWURO JURXS S  ޒ+RZHYHU QR VLJQLILFDQW
difference was found between the control group and
the Zn+Juglone group in terms of tunica albuginea
WKLFNQHVV S ޒ
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histochemical
and
immunohistochemical
evaluations that Zn did not cause as much tissue
damage as Fe. There were mild damages in the Zn

group, whereas damages in the Zn+Juglone
were considerably less and findings were close to the
control group.


TABLE 5
The average and standard deviations of the thickness of the tunica albuginea in the groups
Average and standard deviations of the thickness of the
Groups
tunica albuginea
Control Groups (n:7)
49.350 ± 1.715
Fe Groups (n:7)
22.437* ± 0.880
Fe+Juglon Groups (n:7)
25.912** ± 1.560
Zn Groups (n:7)
30.025*** ± 0.905
Zn+Juglon Groups (n:7)
46.212**** ± 2.483
9DOXHLQWKH)HJURXSVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
** Value in the Fe+Juglone groups significantly GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
9DOXHLQWKH=QJURXSVLJQLILFDQWO\GHFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
,WZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ=Q-XJORQHJURXSDQGFRQWUROJURXS S ޒ
TABLE 6
The average and standard deviations of the apoptotic cells in the groups
Average and standard deviations of the apoptotic
Groups
cells
Control Group (n:7)
5.000 ± 0.707
Fe Group (n:7)
20.250*± 1.129
Fe+Juglone Group (n:7)
13.625** ± 0.497
Zn Group (n:7)
9.000*** ± 0.462
Zn+Juglone Group (n:7)
5.500**** ± 0.566
9DOXHLQWKH)HJURXSVLJQLILFDQWO\LQFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
9DOXHLQWKH)H-XJORQHJURXSVVLJQLILFDQWO\LQFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
*** Value in the Zn JURXSVLJQLILFDQWO\LQFUHDVHGFRPSDUHGWRWKHFRQWUROJURXS S ޒ
,WZDVQRVLJQLILFDQWGLIIHUHQFHEHWZHHQ=Q-XJORQHJURXSDQGFRQWUROJURXS S ޒ

FIGURE 11
TUNEL (+) cells in the Fe
group, X 400

FIGURE 14
TUNEL (+) cells in the Fe+
Juglone group, X 400

FIGURE 12
TUNEL (+) cells in the Fe
group, X 400

FIGURE 15
TUNEL (+) cells in the Zn
group, X 400
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FIGURE 13
TUNEL (+) cells in the Fe
group, X 400

FIGURE 16
TUNEL (+) cells in the Zn+
Juglone group, X 400
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saline
solution
was
intraperitonally (ip.)
administered for 30 days; in cis-platinum (CP)
group, cis-platinum (2 mg/kg/day) ip. for 5 days; in
zinc (Zn) group, zincsulphate for 30 days as (3
mg/kg) ip.; and in cis-platinum+zinc (CP+Zn) group,
zincsulphate (3 mg/kg/day) for 30 days and cisplatinum (2 mg/kg/day) ip. for 5 days. Body weights
of rats were measured at the beginning and
throughout the experiment. According to the results,
there was a significant difference between body
weights of rats in the cis-platinum+zinc group and
the zinc group (p=0.023, p< 0.05). No significant
difference was found between the initial and final
body weights in intra-group comparisons (p=0.8211,
p>0.05). Burukoglu [17] assigned experimental
animals to three groups: the control group, the
cadmium group and the cadmium+zinc group. For 8
weeks, the control group was administered pellet
feed and regular tap water, the cadmium group was
administered pellet feed and 1ȝJPO&G&O2, in tap
water and the cadmium+zinc group was
DGPLQLVWHUHG SHOOHW IHHG DQG ȝJPO &G&O2 and
ȝJPO=Q&O2 in tap water. Body weights of rats in
the control group, the cadmium group and the
cadmium+zinc group were measured at the
beginning and end of the experiment. According to
the results of the Two Way Repeated Measures
ANOVA applied in order to reveal differences
between body weight measurements of the control
group, the cadmium group and the cadmium+zinc
group, there was a statistically significant difference
between the initial and final body weights of rats in
the cadmium group only (P=0.004, P< 0.01). Also, a
decrease in body weight was seen in rats in the
cadmium group. In our study, an increase in body
weight was seen in rats in the Fe group and the Zn
group in the first and the fourth week measurements
and this increase was statistically significant.
In the study conducted by Gouveia [18] severe
edema in testicular tissue was reported 24 hours after
1mg/ml cadmium injected peritoneally and atrophy,
necrosis in tubules and fibrosis in intertubular
connective tissue were reported 14 days after the
injection. In the study conducted by Rajendar et al.
[19]
, cadmium was administered subcutaneously for a
week and vascular congestion in testicular tissue,
irregularities in epithelium of seminiferous tubule
and large cells with multiple cores were observed.
Aktas et al. [20] found that 1mg/kg cadmium
administered subcutaneously for 4 weeks decreased
serum testosterone, seminiferous tubule diameter
and biopsy score.
Consistent with above mentioned studies, it
was found in our study that there were breaks in
epithelium of seminiferous tubule, a decrease in
epithelium thickness, splits in basal lamina of
seminiferous tubule, a decrease in germ cells, intense
edema and congestion in interstitial area and
vacuolization in epithelium of seminiferous tubule

FIGURE 17
TUNEL (+) cells in the control group,
X 400

DISCUSSION
Although certain heavy metals are basic
essential nutrients needed by biological systems,
they are known to have toxic and even lethal effects
when consumed excessively or in case of exposure
to heavy-metal contaminated environments for
prolonged periods of time [1,2].
Rats were given 4 ppm mercury (II) chloride
with potable water for 12 weeks and it was found that
there was a decrease in testicular weight and
epididymal sperm count in addition to degenerative
histopathological lesions in testicular tissue [13].
Allagui et al. [14] added 2000 mg/kg and 4000 mg/kg
lithium carbonate to feeds of male and female rats
and investigated their body weight, testosterone
amount, thyroid hormone level, serum lithium
concentration and testicular histology on 7th, 14th,
21st and 28th days. It was observed that serum
lithium level increased and testosterone and thyroid
hormone level significantly decreased depending on
the day. It was reported that body weights of rats
decreased in parallel with the increase in serum
lithium level. Kaya [15] assigned male rats into 4
groups as the control group, 100 mg/kg lithium
carbonate group, 100 mg/kg vitamin E group, 100
mg/kg lithium carbonate+100 mg/kg vitamin E
group. Body weights of rats were measured
throughout and at the end of the 20-day experiment.
Shapiro-Wilk normality test was used was used to
determine whether initial and final body weights
showed a normal distribution and then one way
analysis of variance was applied. It was observed
that there was no significant difference between
body weights before and after the experiment in the
control group (p=0.371ns) and there was an increase
in average body weight after the experiment in the
lithium carbonate group, however the difference was
not statistically significant (p=0.564ns). An increase
in body weight was observed after the experiment in
the lithium carbonate+vitamin E group and the
vitamin E group, however it was reported that the
difference was not statistically significant
(p=0.845ns, p=0.487ns respectively).
In a study conducted by Gultekin [16], subjects
were divided into 4 groups. In control group, isotonic
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days [16]. In a study conducted in order to
investigate in vitro reproductive toxicity of heavy
metals [27], vanadium was found to cause the highest
damage after chromium and mercury. Similar to
above mentioned studies, we obtained severe
histopathological findings in the Fe group and
relatively less severe findings in the Fe+Juglone
group.
It was shown that 400-800 ppm cobalt
administered to rats caused decreases in number of
pregnancies and viable fetuses in females and
decreases in epididymis and testicular weight and
sperm count in males. Histopathologically;
hypertrophy in interstitial Leydig cells, degeneration
in spermatogonial cells and necrosis in interstitial
tissue and seminiferous tubules were observed [28].
Al-Attar et al. [29] investigated the antioxidant effect
of vitamin E on renal and testicular damage caused
by heavy metals (a mixture of lead (Pb), mercury
(Hg), cadmium (Cd) and copper (Cu)) in make rats.
Heavy metals were added in drinking water of
experimental animals in different amounts (30 ppm
Pb, 10 ppm Hg, 30 ppm Cd, 30 ppm Cu) and vitamin
E (50 IU/kg) was intraperitoneally administered 5
times for one week. At the end of the experiment,
heavy metals caused considerable damages in
seminiferous tubules. Many seminiferous tubules
lacked spermatogonium, primary spermatocyte,
secondary spermatocyte, spermatid and sperm and
tubules lost the spermatogenesis process. These
histopathologic findings were reduced with the
vitamin E administration and a view closer to normal
was obtained. In our study, a significant decrease in
Leydig cell count, seminiferous tubule diameter and
tunica albuginea thickness was observed in the Fe
group and the Fe+Juglone group and it was found
that there were breaks in epithelium of seminiferous
tubule, a decrease in epithelium thickness, splits in
basal lamina of seminiferous tubule, a decrease in
germ cells, intense edema and congestion in
interstitial area and vacuolization in epithelium of
seminiferous tubule and a decrease in interstitial
connective tissue in the Fe group. Testicular
damages were reduced with the protective effect of
juglone.
Juglone is an important natural component
obtained from green fruit coat and leaves of walnut.
It was reported that juglone extracted from SGC7901 walnut killed cancerous cells with different
apoptosis mechanisms in human stomach cancer [30].
Juglone has an apoptotic effect on prostate LNCaP
cancer cells [31]. Juglone is also known to cause an
apoptotic/necrotic effect when applied to colon
cancer HT29 cell lines in different doses [32]. It was
reported in the literature that apoptosis occurred in
lung cancer cells, colon cancer cells and HaCaT
keratinocyte cells stimulated with juglone. Juglone
has an apoptotic effect on Leukemia HL-60 cells [33].
It was observed that administration of different doses
of juglone and plumbagin to bowel cancer tumors

and a decrease in interstitial connective tissue in the
Fe group. Findings of the Fe+Juglone group were
histopathologically less severe compared to the Fe
group and unlike the Fe group, no bleeding sites were
observed in testicles. There were no significant
damages in the Zn group and the Zn+Juglone group
and findings of the Zn+Juglone group in particular
were close to the control group. A decrease of 67%
was observed in sperm concentrations of welders
exposed to chromium (VI) compared to the control
group. Elevated serum FSH concentration, abnormal
sperm rate and reduced sperm concentration and
motility were also evident [21]. It was suggested that
hexavalent chromium (VI) broke blood-testis barrier
and
caused
testicular
damage,
altered
spermatogenesis, reduction in sperm motility and
sperm death due to formation of free radicals in
primates; changes in testis physiology in adult rats
exposed to hexavalent chromium (VI) during prepuberty and teratospermia in industrial workers [13,
22]
. As a result of statistical analysis, a significant
decrease in Leydig cell count, seminiferous tubule
diameter and tunica albuginea thickness was
observed in the Fe group and the Fe+Juglone group
FRPSDUHGWRWKHFRQWUROJURXS S ޒ
It was suggested in a study conducted with
workers in a battery factory with an average blood
OHDG OHYHO RI  ȝJG/ WKDW WKLV OHYHO RI OHDG
exposure did not reduce fertility [23] and other
researchers suggested that blood lead level was not
correlated with sperm concentration, motility and
morphology [24]. Female rats were administered lead
acetate with tap water for 120 days until the 21st day
of lactation. A reduction was observed in testicular
weight and volume, seminiferous tubule diameter
and germinal epithelium height in their offspring,
whereas a reduction was observed in average sperm
concentration and testosterone level when they
reached adolescence [25]. In our study, a significant
decrease in Leydig cell count, seminiferous tubule
diameter and tunica albuginea thickness was
observed in the Fe group and the Fe+Juglone group
FRPSDUHG WR WKH FRQWURO JURXS S ޒ$ GLUHFW
proportion was found between nickel blood
concentration and percentage of tail defects in
spermatozoa in Indian welders and sperm anomalies
were also observed [13]. It was reported that there was
a reduction in testicular and Cauda epididymis
weights, sperm concentration, sperm motility and
viable spermatozoa rate in rats administered 2ppm
and 4ppm selenium for five weeks, whereas an
increase was observed in spermatozoa count as well
[13, 15]
. Pregnant rats were administered metavanadate
with potable water for 70 days and it was found that
number of viable fetuses significantly decreased,
whereas number of dead fetuses, resorption and postimplantation losses increased [26]. Degenerative
changes in seminiferous tubules and reduced
testosterone level were observed in rats orally
administered 9.4 ppm vanadium tetroxide for 60
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caused by azoxymethane in rats led to a shrinkage in
tumors compared to the control group [34]. Ji et al. [35]
reported that the apoptotic effect was evident in all
different doses of SGC-7901 juglone (5, 10, 15, 20
Mmol/L) in stomach cancer, while the apoptotic
effect was stronger with the 20 Mmol/L dose.
Zhang et al. [36] incubated HeLa cells with
different concentration of juglone and found that
juglone inhibited the growth of HeLa cells
depending on dose. The authors concluded that
juglone might be effective in treatment of HeLa
cells. Zhang et al. [37] incubated cultured Caski cells
ZLWKDQGȝPRO/MXJORQHIRU
hours. Cell proliferation was detected by the methyl
thiazolyl tetrazolium (MTT) assay. MTT results
showed that in different doses of juglone groups, the
Caski cell growth was greatly inhibited (p <0.05, p
<0.01) and showed dose dependence when compared
with the control group H[FHSW  ȝPRO/ $IWHU
WUHDWPHQW RQ &DVNL FHOOV ZLWK  ȝPRO/ MXJORQH
typical apoptosis characteristics were observed with
transmission electronmicro and it was found that
juglone significantly inhibited cell proliferation and
induced the apoptosis of Caski cells in vitro. In
another study conducted by Zhang et al. [38] in order
to investigate the effect of juglone on proliferation
and apoptosis of human cervical squamous cancer
SiHa cells, juglone was administered in doses of 10,
ȝPRODnd MTT assay results showed
that, compared to the control group, treatment groups
all showed significant inhibitory effects on SiHa cell
growth. In a study on ovarian cancer SKOV3 cells
conducted by Fang et al. [39], SKOV3 cells were
incubated with different concentration of juglone. It
was reported that juglone inhibited cell proliferation
and induced apoptosis and might have important
antitumor effects on SKOV3 cells and juglone
restrained cell invasiveness, therefore could be a
potential candidate to be used in anticancer therapy.
In recent studies, it was shown that juglone had
anticancer, antibacterial and antiviral effects [32, 33, 40,
41]
.
Kalender et al. [42] examined the effects of
mercuric chloride on the antioxidant system and
histopathological changes and also evaluated the
ameliorating effects of sodium selenite and/or
vitamin E in the rat testis tissues and found that
mercuric chloride lead to necrosis in spermatocytes,
ondulation in basal membrane, edema in interstitial
area and caused spermatocytes to detach from basal
membrane. Vitamin E reduced histopathological
effects caused by mercuric chloride, but did not
remove completely.
In our study, although there were breaks in
epithelium of seminiferous tubule and a decrease
was observed in epithelium thickness in the
Fe+Juglone group, the severity was lower. Although
tunica albuginea and seminiferous tubules had a
normal view in the Zn+Juglone group, a decrease in
interstitial connective tissue was observed, although

not as severe as the Fe group, Fe+Juglone
group or the Zn group. It was also seen that basal
lamina of seminiferous tubule was regular and
epithelium had a normal structure.

CONCLUSIONS
In conclusion, severe testicular damages were
observed in rats in the Fe group, whereas it was
found that damages were milder in the Fe+Juglone
group due to the antioxidant effect of juglone. A
significant increase in apoptotic cell count was
observed in the Fe group and the Fe+Juglone group
FRPSDUHG WR WKH FRQWURO JURXS S  ޒ1R
significant difference was found between the control
group, the Zn group and the Zn+Juglone group.
Although classified as a heavy metal, it is reported in
the literature that Zn has antioxidant property. The
dose used in this study, on the other hand, caused
damages, although not as much as Fe. It is reported
in the literature that antioxidant substances may
cause damages on tissues in certain doses. Findings
of the Zn+Juglone group were close to the control
group due to the protective effect of juglone. It was
concluded that juglone had a protective effect,
however the dose used in this study was not
sufficient and the protective effect might be
enhanced in higher doses. Also, it was determined as
a result of our study that 600 ppm/day Fe
administration caused toxic effects and damages in
testicular tissues of rats.
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padding-based algae absorption. Yet, physical
approaches occupy substantial workload and labor as
well as time; 2) Chemical approaches, such as
algaecide like CuSO4. Recently, Han et al. found that
a specific liposome TD53 inhibits algae like
Chattonella marina and Heterosigma akashiwo [9].
Although performing remarkable outcome, chemical
approaches have toxic effects on other organisms; 3)
biological approaches: to remove and control algae
through species competition, algae removal by fishes
and microorganisms as well as integrated control.
These are all biological control technologies
targeting at Lake Eutrophication. Existing studies
have shown that certain viruses, bacteria, aquatic
organisms are able to degrade or swallow algae.
Yoshida et al. found that most phage can infect
cyanobacteria [10]. Virus infection may be an
important factor in algal cell death. Findings of Zuo
et al. present that water extract of herb of alligator
alternanthera greatly inhibited Chlorella and
Microcystis aeruginosa [11]. According to Uddin et
al., sorghum root exudates can also effectively
control harmful algae [12]. Moreover, the recession
of cyanobacterial blooms was often accompanied by
certain specific bacteria blooms, which play a crucial
role in the prevention and treatment of
Cyanobacterial Bloom [13]. Research of Datta et al.
revealed that with the introduction of silver carp,
bighead carp and Tilapia, the biomass of Microcystis
dropped sharply, which may be attributed to some
specific bacteria in organisms [14]. Compared with
physical and chemical approaches which all present
disadvantages in the treatment of Cyanobacterial
Bloom, biological approaches not only kill algae but
also demonstrate outstanding efficiency in algae
control. Moreover, biological approaches can control
and prevent the occurrence of Cyanobacterial
Blooms fundamentally. Thus, studies in this field
have been much focused nowadays.
Scholars from all over the world have isolated
a variety of algicidal bacteria from different
environments. For example, Tian et al. filtered a
strain of Exiguobacterium that degrades Microcystis
aeruginosa [15]. Pokrzywinski et al. discovered that
Shewanella sp. IRI-160 have a degrading impact on
flagellate [16]. Su et al. extracted 9 strains of

ABSTRACT
7KHDSSOLFDWLRQRI³ELRORJLFFKDLQ´LQWKHDOJDH
control is a promising technology. The discovery and
exploration of bacterial strains with new functions
are conducive to achieving the algae control. In this
study, a strain of algicidal bacteria TL was isolated
and identified. Algicidal effects of TL on Microcystis
aeruginosa were further studied. The results
demonstrated that the bacteria-algae ratio had a
significant impact on algicidal effects. When the
bacteria-algae ratio was higher than 10%, an
algicidal efficiency over 62.45% can be achieved.
Illumination conditions affected the algicidal effects
of TL as well. In illumination and darkness cycling,
the optimum algicidal effects were realized. TL may
kill algae through the secretion of certain
extracellular nonprotein substance. Physiological
and biochemical experiments as well as 16S rDNA
analysis identified that TL can be categorized as the
Lysinibacillus fusiformis. This research may provide
technical basis for biological algae control of
Microcystis aeruginosa.

KEYWORDS:
algicidal bacteria; algicidal effect;
fusiformis; Microcystis aeruginosa

Lysinibacillus

INTRODUCTION
Algal bloom in lakes and oceanic water caused
by eutrophication has raised wide public concerns in
recent 20 years [1-4]. Due to the serious
eutrophication, algal bloom DSSHDUVLQ&KLQD¶V7DLKX
Lake almost every summer [5].
At present, scholars from all over the world
have launched a series of studies on the treatment
and control of cyanobacterial blooms [6-8].
Generally, the proposed treatment approaches
include three directions: 1) physical approaches,
including mechanical algae removal by refloatation,
algae control by shading with sheet metal or thin film
in the water area of cyanobacterial blooms, and
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plate was then placed upside down in the constant
temperature incubator at 30 °C. Single colonies with
robust growing tendency were selected, cultured for
2 to 3 days with streaking isolation, and received
purifying treatment. The processed colonies were
subcultured for 4 to 5 times. Purified and isolated
strains were jointly cultured with algae. For those
presenting etiolation, the strains were identified as
algicidal bacteria and preserved with Agar Slant to
generate algicidal bacteria strains with relative
advantages for future use.

algicidal bacteria from the East China Sea [17]. Yet,
the existing discovery of algicidal bacteria is not
complete. In order to achieve the extending
application of algicidal bacteria from laboratories to
actual projects, strains with optimized functions
need to be explored [18].
Gradual etiolation from some solutions of
Microcystis aeruginosa cultured in laboratory
conditions was observed. 7 days later, algae almost
died and sunk. In this study, with the lytic solution as
strain separation source, Microcystis aeruginosa was
taken as the testing algae, and a strain of algicidal
bacteria was obtained through etiolation gathering,
domestication, preliminary screening and isolation.
Characterization was conducted with morphological
observation and analysis of physiological and
biochemical characteristics to reveal physiological
and biochemical characteristics preliminarily. 16S
rDNA sequence analysis was applied to bacterial
genus. In addition, impact of different conditions
(bacteria-algae ratio, illumination conditions) on
algicidal effects was explored. The algicidal
mechanism was preliminarily discussed. The study
intends to provide possible effective strains for the
biocontrol of Cyanobacterial Bloom.

Determination of chlorophyll a. 10mL algae
solution was taken and filtered with 0.45ìm mixed
fiber membrane. Then the fiber membrane was cut
and placed in the 10mL centrifuge tube. 0.05g
magnesium carbonate powder and 8mL anhydrous
ethanol (analytically pure) were added in the
solution, which was then shaken up, placed in the
shades of the refrigerator for low temperature
extraction of 16h. It was removed then and placed in
the room temperature. After shaking up, the solution
was centrifuged at 3500r/min for 10min. 2.5mL of
the supernatant was removed and added to metered
volume of 10mL with absolute ethyl alcohol. With
the blank control of absolute ethyl alcohol, optical
density at the wavelength of 750nm, 663nm, 645nm
and 630nm was measured and according content of
chlorophyll a was calculated. The formula was
shown as follows:
chlorophyll a (mg/m3) = [11.64 × (D663 - D750)2.16×(D645 - D750) + 0.10 × (D630 - D750)] × V1/V
where: V is the volume of water sample (L); D
is the absorbance; V1 is the volume of diluted water
sample (mL).

METHODS
Microcystis
aeruginosa.
Microcystis
aeruginosa (FACHB-905) used in this study was
provided by the Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan, China.
Selection of algicidal bacteria. The etiolation
Microcystis aeruginosa solution was collected and
filtrated through a 0.8 ìm syringe filter. Bacteria were
retained with membrane with a bore diameter of 0.22
ìm. The membrane was then cut into pieces under
aseptic condition and added into 50 ml of fresh
Microcystis aeruginosa solution. With aseptic
filtration membrane of the same size as the control,
the solution was placed and cultured in the
illumination incubator. Changes of solution colors in
both groups were observed and recorded every day.
Findings revealed that in the experiment group, the
etiolation occurred. Meanwhile, algae in the control
group kept growing normally. On this basis, it can be
preliminarily identified that the experiment group
possibly contained bacteria that dissolved
Microcystis aeruginosa. With the ratio of 1: 5, the
etiolation Microcystis aeruginosa solution was
transferred to fresh Microcystis aeruginosa solution.
After the second etiolation, the transplanting was
conducted again to accumulate flora with stable
algicidal ability. The gradient dilution method was
applied to the coating of bacteria in the solution. The

RESULTS AND DISCUSSION
Physiological and biochemical test results of
TL. An isolated algicidal bacteria was named as TL.
TL has rod-shaped single cells, showing Gramnegative. Its physiological and biochemical test
results are as follows: TL catalase reactions
(positive), carbohydrate fermentation test (positive);
glucose fermentation acid (negative), V.P
experiment (negative), methyl red (negative),
amylohydrolysis (negative), hydrogen sulfide
production experiment (negative) and nitrate
reduction test reaction (negative). The results of
physiological and biochemical test were shown in
Table 1.
According to findings of analysis experiments
of the morphology of the cells, cultural
characteristics, staining reaction and physiological
and biochemical traits, TL was preliminarily
identified as the genus of Lysinibacillus.
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TABLE 1
Physiological and biochemical results of strain TL
NO.

Gram staining

Catalase reaction

TL
Sugar or alcohol
fermentation

-

+
Production of hydrogen
sulfide

Produce acid

-

Starch hydrolysis

-

Acetyl methyl alcohol
(V.P)
Nitrate reduction
-

Methyl red (M.R)
Oxidation and fermentation
of glucose
Produce acid and weak
oxidative

³´ positive; ³-´negative.

carrier sequences was removed. 16S rDNA sequence
of TL was 1445bp, and the sequencing results were
shown in Fig. 2.

The bacterial gene DNA extraction and PCR
results of 16S rDNA. The bacterial gene DNA
extraction kit (centrifugal column type) was used to
extract DNA of TL. The extracted genomic DNA
was amplified by PCR and the 1% agarose gel
current graph was obtained (as shown in Fig. 1).
DNA band amplified from PCR was about 1500bp,
sitting in the primer design region. In addition, the
electrophoretic band is clear and unitary without any
visible non-specific amplification products. Hence,
the DNA extraction and PCR amplification were
successful.

FIGURE 2
16S rDNA sequence of strain TL

With
the
search
engine
at
http://www.ncbi.nlm.nih.gov/BLAST, known strain
sequence of different species with high similarity
from the sequence to be tested can be found. After
the online comparison on NCBI web, highly similar
strains from TL and their type strains were selected
to build a phylogenetic tree. Control strains and TL
were treated with pairwise alignment in EzTaxon
server 2.1 to obtain homological similitude ratio.
Bacteria name, strain number and sequence
accession number of isolated strains and related
reference strains for the building of phylogenetic tree
were shown in Table 2. Registered serial number of
TL in the NCBI GenBank is JQ991004.

FIGURE 1
Electrophoresis profile of 16S rDNA of
strain TL

Sequencing findings of 16S rDNA and
phylogenetic analysis.PCR amplified samples of
TL were sent to Nanjing Quintiles Biotechnology
Co., Ltd. for sequencing, getting the forward primer
3 ¶-AGAGTTTGATCCTGGCTCAG-¶ DQG
UHYHUVH
SULPHU
3
¶-CTAC
GGTTACCTTGTTACGAC-¶ %LGLUHFWLRQDO WHVW
was applied. The sequencing results were montage
through DNAMAN software and the influence from
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TABLE 2
Bacteria name, strain number and accession number of separated strains and related strains for the
construction of phylogenetic tree of strain TL
Bacteria

Strain Number

Accession number

Similarity

Lysinibacillus fusiformis
Lysinibacillus sphaericus
Lysinibacillus sphaericus
Lysinibacillus sphaericus
Lysinibacillus fusiformis
Lysinibacillus fusiformis
Lysinibacillus fusiformis
Lysinibacillus xylanilyticus
Bacillus cereus
Bacillus macroides
Uncultured Lysinibacillus sp.

strain LQ88
strain DSM 28T
NBRC 15095T
NCDO 1767T
NRS-350T
strain DSM 2898T
DSM 2898T
strain XDB9T
strain ZQN5
strain 608
clone 18

EF472269
AJ310084
AB271742
X60639
AF169537
AJ310083
M77486
FJ477040
GU384235
DQ350821
FJ195784

99.7%
98.0%
97.9%
98.1%
98.3%
98.4%
98.3%
99.3%
99.4%
99.4%
99.4%

FIGURE 3
Phylogenetic tree based on 16S rDNA sequence homology

Center was CGMCC NO.6108.
Based on the phylogenetic tree built on the
sequence homology of 16S rDNA, it can be found
that the genetic relationship between TL and
Lysinibacillus genus is located in the same branch.
This is consistent with the preliminary identification
results from the preliminary identification of
morphological,
physiological-biochemical
characteristics of TL.

TL and 16S rDNA sequence obtained from the
above approach were treated with Phylogeny in the
software package of WEGA 5. Neighbor joining
method was applied to calculate the evolutionary
GLVWDQFH $FFRUGLQJ WR ³.LPXUD -paraPHWHU´ WKH
repetitiveness of each branch was analyzed by
Bootstrap method in the software package of MEGA.
The number of replication is 1500 to ensure the
reliability of the polygenetic tree and to obtain the
percentage of homological similarity. In this way, the
polygenetic tree was built (as shown in Fig. 3).
It can be seen from Fig. 3 that all bootstrap
values in the phylogenetic tree are not less than 70.
The phylogenetic tree built with Neighbor Joining
method has remarkable credibility. The average
genetic distance of 12 strains is 0.013. The phyletic
evolution demonstrated that the genetic relationship
between TL and Lysinibacillus fusiformis strain
LQ88 is closely located in one branch. The bootstrap
value was 99 and the similarity is 99.7%. With the
integration of morphological, physiologicalbiochemical characteristics of strains, it can be
preliminarily identified as Lysinibacillus fusiformis.
Its preservation number in the Chinese Common
Microbe Bacterial Preservation Administration

Impact of bacteria-algae ratio on algicidal
effects of bacteria. Set four groups of the bacteriaalgae ratio, namely, 1:2, 1:5, 1:10 and 1:20. After 24
to 36 hours of culturing, solutions at the logarithmic
phase were inoculated into fresh Microcystis
aeruginosa solution with the sterile water as blank
control. The solution was cultured in the illuminating
incubator. For every 24 h, samples were taken to
measure the residual of chlorophyll a.
The initial content of chlorophyll a was
between 379.3 and 459.7 mg/m3. At different
bacteria-algae ratios (1:2, 1:5, 1:10 and 1:20), for
every 24 h, samples were taken and the residual of
chlorophyll a was measured. The removal rate was
calculated and the results were shown in Fig. 4.
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illumination conditions, namely, darkness, darknessillumination cycle, and complete illumination.
Solutions at the logarithmic phase after 24 to 36
hours of culturing were inoculated into fresh
Microcystis aeruginosa solution with the bacteriaalgae ratio of 1: 10. 5 days later, the samples were
taken to measure the residual of chlorophyll a.Under
3 different illumination conditions, the relationship
between illumination conditions and algicidal effects
was shown in Fig. 5.
Effects of different illumination conditions on
the TL role on Microcystis aeruginosa differed
significantly. The darkness-illumination cycling
imposed the most obvious inhibition impact on algae.
The removal rate reached 79.95%. The effect from
complete illumination followed with a removal rate
reached 62.09%. In the complete darkness, the
inhibition effects were weakest and the removal rate
was only 17.16%. Thus, illumination cycling was
most conducive to the dissolution effect of TL on
Microcystis aeruginosa cells.

3

1:2
1:5
1:10
1:20
Control

1000
800
600
400
200
0

0

24

48
time/h

72

96

1:2
1:5
1:10
1:20

80
60
40
20
0

0

24

48
72
time/h

96
Content of residual chlorophyll a (mg/m 凛

Chlorophyll a removal rate%

100

3

FIGURE 4
Impact of fungus-algae ratio on algicidal
effects of strain TL
The bacteria-algae ratio has a significant
impact on algicidal effects. Generally, the algicidal
efficiency increased with the increase of the bacteriaalgae ratio. In 72 h, at four bacteria-algae ratios, TL
has an inhibitory effect on the Microcystis
aeruginosa solution with the initial content of the
chlorophyll a varying from 379.3-459.7 mg/m3 to
different levels. For the groups with the bacteriaalgae ratio of 1: 2 and 1: 5, algicidal effects were
remarkably prior to the two groups with smaller
bacteria-algae ratios (1: 10 and 1: 20). After 72 h, the
three groups with large bacteria-algae ratios kept
intensive inhibitory effects on Microcystis
aeruginosa as well as a high removal rate of
chlorophyll a. The impact of the group with the
bacteria-algae ratio of 1:20 began to be weakened in
aspect of the inhibition of Microcystis aeruginosa
while the removal rate of chlorophyll a was
gradually reduced. With the analysis of curvilinear
trend, the content of chlorophyll a gradually climbed
up after 96 h, i.e., the biomass of Microcystis
aeruginosa was increased. Bacteria in this group did
not inhibit on Microcystis aeruginosa. At the 96th
hour, under the conditions of the bacteria-algae ratio
of 1:2, 1:5 and 1:10, the removal rate of chlorophyll
a was 95.94%, 78.71% and 62.45% respectively. It
can be seen that the increased addictive bacteria
amount can achieve higher removal rate of
chlorophyll a in a relatively short period. When the
bacteria-algae ratio was higher than 10%(1:10), an
algicidal efficiency over 60% can be achieved.

1400
1200
1000
800
600
400
200
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Removal rate%

100
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80
70
60
50
40
30
20
10
0

Chlorophyll a removal rate%

Content of residual chlorophyll a (mg/m 凛



Complete darkness Darkness-illumination Complete illumination
cycle

FIGURE 5
Impact of illumination conditions on algicidal
effects of strain TL
Exploration of algicidal mechanism. The
existing algicidal mechanism of algicidal bacteria
can be divided into 4 categories: 1) direct contact of
algicidal bacteria and algae; 2) the release of
algicidal substances by algicidal bacteria; 3) bacteria
and algae competed for limited nutrients and thereby
inhibited the growth of algae cells; 4) algicidal
bacteria entered the algae cells to kill the algae.
To explore the algicidal mechanism of TL, 4
treatment of bacterial suspension were set: (1)
culture the bacterial suspension of TL for 24-36h
(T1); (2) place T1 for high speed centrifuge for 10
min (at 12000 r/min) to obtain the supernatant.
Sterilization and filtering were then conducted with
WKHȝPPHPEUDQHDQGLWZDs validated with the
plate that the supernatant was sterile (T2); (3) the
thallus obtained in Step 2 was rinsed with aquae
sterilisata for 3 to 4 times to prepare the aquae
sterilisata bacterium suspension (T3); (4) T1 was
inactivated at a high temperature (121 Υ ) for 30
min(T4).
With the bacteria-algae ratio of 1:10, TL was
added in fresh Microcystis aeruginosa solution. The

Impact of illumination conditions on
algicidal effects of bacteria. Set 3 different
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substance, which is an approach of indirect algae
removal. Yet, the category of such substance requires
further identification.

Content of residual chlorophyll a (mg/m 凛

blank control was set. The initial content of
chlorophyll a was 473.28 mg/m3. 5d later, samples
were taken and the residuals of chlorophyll a were
measured.

CONCLUSIONS

3

2000
1750

A strain of algicidal bacteria, TL, was isolated
and identified as the genus of Lysinibacillus based
on physiological and biochemical analysis as well as
16S rDNA analysis.
The bacteria-algae ratio has a significant
impact on algicidal effects. When the bacteria-algae
ratio reached 1:10, satisfying algicide effects can be
achieved.
Under different illumination conditions,
algicidal effects of TL varied greatly. The darknessillumination cycling presented optimum algicidal
effects.
TL may kill algae through the secretion of
certain substance, which is not some kind of protein.
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FIGURE 6
Algicidal effects of different treatment of
strain TL

As shown in Fig. 6, the above 4 treatment
presented distinctive differences on the removal of
Microcystis aeruginosa. Algicidal effects of T1 and
T2 were compared. 5d later, the removal rate of
chlorophyll a was 73.82% and 40.71% respectively.
The difference between T1 and T2 is the existence of
algae. It can be seen that in the sterile supernate,
some substances with the effect of killing algae.
Compared with the content of chlorophyll a in the
control group after 5d, the content was higher than
that in T3. Thus, it can be inferred that TL plays an
inhibitory role on Microcystis aeruginosa to a certain
degree. Yet, this is only found in the early stage of
microorganism addiction. Compared with algicidal
effects between T2 and T4, the removal rates of
chlorophyll a after 5d were 40.71% and 35.65%,
showing insignificant differences in algicidal effects.
Yet, the difference between T2 and T4 was the hightemperature processing. It can be observed that the
algicidal substance presented the heat stability, and
it did not belong to the category of protease. Hence,
the major algicidal mechanism of TL is possibly
realized by secreting certain extracellular nonprotein

REFERENCES
[1] Brand, L.E., Campbell, L. and Bresnan, E. (2012)
Karenia: The biology and ecology of a toxic
genus. Harmful Algae, 14, 156-178.
[2] Kudela, R.M. and Gobler, C.J. (2012) Harmful
dinoflagellate blooms caused by Cochlodinium
sp.: Global expansion and ecological strategies
facilitating bloom formation. Harmful Algae,
14,71-86.
[3] Simeunovic, J., Svircev, Z., Karaman, M.,
Knezevic, P. and Melar, M. (2010)
Cyanobacterial blooms and first observation of
microcystin
occurrences
in
freshwater
ecosystems in Vojvodina region (Serbia).
Fresen. Environ. Bull., 19(2), 198-207.
[4] Wu, Y.H., Kerr, P.G., Hu, Z.Y. and Yang, L.Z.
(2010a) Removal of cyanobacterial bloom from

5847

© by PSP

Volume 25 ± No. 12a/2016, pages 5842-5848

Fresenius Environmental Bulletin


[14] Datta, S. and Jana, B.B. (1998) Control of
bloom in a tropical lake: grazing efficiemcy of
some herbivorous fishes. J. Fish Biol. 53(1), 1224.
[15] Tian, C., Liu, X., Tan, J., Lin, S., Li, D. and
Yang, H. (2012) Isolation, identification and
characterization of an algicidal bacterium from
Lake Taihu and preliminary studies on its
algicidal compounds. J. Environ. Sci. 24(10),
1823-1831.
[16] Pokrzywinski, K.L., Place, A.R., Warner, M.E.
and Coyne K.J. (2012) Investigation of the
algicidal exudate produced by Shewanella sp.
IRI-160 and its effect on dinoflagellates.
Harmful Algae, 19:23-29.
[17] Su, J.Q., Yang, X.R., Zhou, Y.Y. and Zheng,
T.L. (2011) Marine bacteria antagonistic to the
harmful algal bloom species Alexandrium
tamarense (Dinophyceae). Biol. Control, 56(2),
132-138.
[18] Fandino, L.B., Riemann, L., Steward, G.F.,
Long R.A. and Azam, F. (2001) Variation in
bacterial community structure during a
dinoflagellate bloom analyzed by DGGE and
16S rDNA sequencing. Aquat. Microb. Ecol. 23,
119-130.

a biopond-wetland system and the associated
response of zoobenthic diversity. Bioresour.
Technol. 101(11), 3903-3908.
[5] Zhong, W.Z., Zhang, Z.Z., Luo, Y.J. Qiao, W.,
Xiao, M. and Zhang, M. (2012) Biogas
productivity by co-digesting Taihu blue algae
with corn straw as an external carbon source.
Bioresour. Technol. 114, 281-286.
[6] Wang, H., Liu, D.M., Lu, L., Zhao, Z.W., Xu,
Y.P. and Cui, F.Y. (2012) Degradation of algal
organic matter using microbial fuel cells and its
association with trihalomethane precursor
removal. Bioresour. Technol. 116, 80-85.
[7] Maddi, B., Viamajala, S. and Varanasi, S. (2011)
Comparative study of pyrolysis of algal biomass
from natural lake blooms with lignocellulosic
biomass. Bioresour. Technol. 102(23), 1101811026.
[8] Wu, Y.H., Zhang, S.Q., Zhao, H.J. and Yang, L.Z.
(2010b) Environmentally benign periphyton
bioreactors for controlling cyanobacterial
growth. Bioresour. Technol. 101(24), 96819687.
[9] Han, H.K., Kim, Y.M., Lim S.J., Hong, S.S.,
Jung, S.G., Cho, H., Lee, W. and Jin, E.S. (2011)
Enhanced efficacy of TD53, a novel algicidal
agent, against the harmful algae via the
liposomal delivery system. Int. J. Pharm. 405(12), 137-141.
[10] Yoshida, T., Takashima, Y., Tomaru, Y., Shirai,
Y., Takao, Y., Hiroishi, S. and Nagasaki, K.
(2006) Isolation and characterization of a
cyanophage infecting the toxic cyanobacterium
Microcystis aeruginosa. Appl. Environ.
Microbiol. 72(2), 1239-1247.
[11] Zuo, S., Mei, H., Wang, J. and Ma. S. (2012)
Effects of water quality characteristics on the
algicidal
property
of
Alternanthera
philoxeroides (Mart.) Griseb. in an aquatic
ecosystem. Biochem. Syst. Ecol. 43, 93-100.
[12] Uddin, M.R., Min, S.K. and Kim, J.D. (2012)
Sorgoleone, a sorghum root exudate: Algicidal
activity and acute toxicity to the ricefish Oryzias
latipes. Aquat. Bot. 98(1), 40-44.
[13] Rashidan, K.K. and Bird, D.F. (2001) Role of
predatory bacteria in the termination of a
cyanobacterial bloom. Microb. Ecol. 41(2), 97105.

Received:
Accepted:

27.01.2016
09.07.2016

CORRESPONDING AUTHOR
Wen-Yi Zhang
School of Environmental and Safety Engineering
Changzhou University
Changzhou 213164 ± CHINA
E-mail: zhangwenyi_888@163.com

5848

Volume 25 ± No. 12a/2016, pages 5849-5856

© by PSP

Fresenius Environmental Bulletin

MICROBIAL COMMUNITY DIVERSITY OF MINE AREA
DECREASES UNDER INCREASING CADMIUM STRESS
Ling Tan 1,2, Hui Yun 1,2,3, Li-ting Huang1,2, Jie Chen1,2, Hao-yi He1,2, Ying Pan 1,2, Jia He 1,2, Er-ping Li 4,
Xin-xing Liu 1,2, Jian-ping Xie 1,2,*

2

1
School of Minerals Processing and Bioengineering, Central South University, 410083, Changsha, China
Key Laboratory of Biometallurgy of Ministry of Education, Central South University, 410083, Changsha, China
3
Research Centre for Eco-Environmental Sciences, Chinese Academy of Sciences, 100085, Beijing, China
4
Hunan Research Academy of Environmental Sciences, 430004, Changsha, China

mining and metallurgy of cadmium, the manufacture
of batteries, ceramics and pigment industries
generate effluents that contain Cd2+, which is also
present in many wastewaters [6, 7].
For the removal of Cd2+ in contaminated
wastewater, popular methods were divided into three
categories, namely, chemical, physical and
biological
methods.
However,
all
these
physicochemical methods, such as reverse osmosis,
solvent extraction, ion exchange, chemical oxidation
or reduction, electrochemical treatment, and
chemical precipitation [5, 8], entail significant
economic investment with high operation costs and
even generate secondary waste [6, 9]. Instead, many
investigators have reported the bioaccumulation of
Cd2+ onto natural microbial populations like bacteria
and algae as the new bioremediation technology [1012]. The microbes have various survival strategies to
combat the Cd2+ stress that include metal ions
sequestration, active efflux of metals; some use
enzymatic detoxification and Cd2+ accumulation [13,
14].
In this work, Cd2+ stress was imposed on
microorganisms in mine drainage and sediment
mixture to address two key questions: (i) How does
the mine microbial community change under
increasing Cd2+ stress? (ii) Is it possible to isolate a
cadmium-resistance strain from samples with the
single increase of Cd2+ ? To be specific, samples of
mine drainage and sediment were collected from
typical copper mine in China. Further, the
composition of microbial community in original and
cadmium-stressed samples were analyzed by using
PCR-RFLP. At last, a strain with high cadmiumresistance was isolated, and the 16S rDNA sequence
of strain was committed to NCBI as accession
number of KU534597.

ABSTRACT
Cadmium (Cd) is a highly toxic heavy metal
since it contaminates environment and even poses a
threat on human health. This work focuses on the
dynamic changes of diversity and composition of the
microbial community in mine area with an
increasing stress of Cd2+. Community composition
of different samples was analyzed using PCR-RFLP.
The results showed that, with the growing of Cd2+
stress, diversity of community declined, and
composition of microbial community reduced from
11 phyla in original sample to a single strain. Since
no reference sequence in NCBI library was identical
to the 16S rDNA sequence of this cadmiumresistance strain, it might be a new strain, and the
16S rDNA sequence was committed to NCBI as
accession number of KU534597.

KEYWORDS:
Cadmium stress, Community diversity, Community
composition, PCR-RFLP, 16S rDNA

INTRODUCTION
During the past few decades, heavy metal
pollution has become a serious environmental
problem [1]. Among all heavy metals, cadmium is
known as one of the most toxic ones since it is nonbiodegradable and persistent, so that it can
accumulate in living organisms [2, 3]. The EU
Directive, World Health Organization and US
Environmental Protection agency have set the
maximum contaminant concentration level for Cd 2+
in domestic water supplies as 5 μg/L [4, 5]. The



© by PSP

Volume 25 ± No. 12a/2016, pages 5849-5856

Labtech, Jena, Germany). Purified DNA was stored
at -80°C.

MATERIALS AND METHODS
Site description, sample collection and
geochemical analysis. A total of four samples which
contain microorganisms were collected from
different site of Daye copper mine (longitude
(¶´DOWLWXGH1¶´ +XEHLSURYLQFH
in China. For each sample, 150 L drainage and 50 g
sediment that below the surface (0-10 cm) of the
water pool were collected and transferred to the
laboratory within 48 hours. Two water samples and
two sediment samples were combined to each other
prior to element analysis which were performed by
inductively coupled plasma-atomic emission
spectrometry (ICP-AES; PS-6, Baird, USA).

PCR amplification of 16S rRNA gene. The
16S rRNA genes were amplified using polymerase
chain reaction (PCR) thermo cycler (Applied
Biosystems, California, USA) with bacteria universe
primer 27f and primer 1492r [13]. The 2×Taq PCR
MasterMix (TianGen, Beijing, China) was used for
PCR. The PCR was performed following the
manufacturer instructions. The PCR products were
checked by gel electrophoresis on 1% (w/v) agarose
gel in Tris-acetate buffer, stained by ethidium
bromide and photographed under UV light.
RFLP analysis. The PCR products were
purified with E.Z.N.ATM Gel Extraction Kit (Omega,
Frederick, United States). Approximately PCR
products with 1400 bp were ligated in pGM-T vector,
and then transformed into E.coli '+Į FRPSHWHQW
cells DFFRUGLQJ WR WKH PDQXIDFWXUHV¶ LQVWUXFWLRQV
(TianGen, Beijing, China). Recombinants were
identified based on blue-white screening after
overnight growth in Luria-Bertani (LB) plate. The
positive clones were selected randomly and
amplified as section 2.4 but with primers of SP6 and
T7. The amplified PCR products were digested with
Hin6I and MspI (Fermentas, Vilnius, Lithuania) and
separated by gel electrophoresis with 3% agarose.
The similar band pattern was grouped into an
operational
taxonomic
unit
(OTU).
The
corresponding colony of each unique band pattern
representing an OUT was prepared for sequencing
by Biosune Bio Co Ltd (Biosune, Shanghai, China).

Microorganism enrichment and Cd2+ stress
treatment. A mixture of 5 mL drainage and 5 g
sediment samples was inoculated in 130 mL (250
mL flask) 9K medium with pH adjusted to 2.0-2.5
[15]. FeSO4·7H2O (44.2 g/L) or Ssolid (10 g/L) were
used as energy sources for enrichment culture at
30 °C and 170 rpm. When concentration of
microorganism was higher than 1×10 7 cells/mL, the
culture was inoculated (10%) in 9K medium with
different Cd2+ concentration and energy sources
(Table 1).
TABLE 1
Cd2+ concentration and energy sources of
medium
Medium

Cd2+ concentration
(mM)

A

175/350

B

35/175/350

Fresenius Environmental Bulletin

Energy source

Concentration
(g/L)

Ssolid
FeSO4·7H2O
Ssolid
yeast extract

10
22.1
5
0.01 %(w/v)

Phylogenetic
analysis.
The
obtained
sequences were edited with SeqVerterTM software
and aligned with sequences in the database using
BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
The phylogenetic trees were constructed based on all
available sequences and reference sequences from
Genebank data using MEGA5.1. The neighbourjoining algorithm method was used and the value of
bootstrap was 1000. To determine whether the
microbial community was represented by the library,
the coverage rate [18] of clone libraries, the diversity
index as Shannon weaver, Simpson index [19, 20]
were calculated as follows.
Coverage rate: C = ሺͳ െ ݊ଵ Τܰ ሻ ൈ ͳͲͲ
Where ݊ଵ means the number of clones occurred
only once, N means the number of total selected
clones
Shannon weaver index : H' =െ σ   

DNA extraction and purification. The DNA
was extracted using freeze-grinding method as
described previously [16], and purified with
Promega Wizard® DNA Clean-Up System
(Madison, WI, USA). DNA quality was evaluated by
the absorbance ratios of A260/A280 and A260/A230
using a NanoDrop ND-1000 Spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA).
While the value of A260/280 and A260/230 were
higher than 1.7 and 1.8, respectively, DNA was
processed for the further analyses. The PicoGreen
method [17] was used for quantifying DNA
concentration using a FLUO star Optima (BMG
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Where  is the proportion of clones in the ith
OTU (estimated using ݊ Τܰሻ
 ሺ ିଵሻ
Simpson index: D= σ ቂ   ቃ
ேሺேିଵሻ
Where ݊ means the number of each unique
OTU, N means the number of total selected clones

Fresenius Environmental Bulletin

the concentration of heavy metals, such as Cd, Cr,
Pb, As, was distinctly higher than the Chinese
national standards for potable water (0.005mg/L,
0.05mg/L, 0.01 mg/L, 0.01 mg/L respectively),
which means the drainage might contaminate
potable water and could not be discharged directly
[23].

Statistical analysis. The dynamic changes of
the communities were analyzed with principal
component analysis (PCA) performed on the IBM
SPSS Statistics 20 according to the protocols as
described previously [21, 22].
The rarefaction analysis was performed with
Origin 7.5.
The exponential model y = ൣͳ െ ݁ ሺିή௫ሻ ൧ was
used to fit the clone distribution data.

Numerical analysis and rarefaction analysis.
As shown in Table 3, numerical analysis revealed
that the bacterial community diversity of original
drainage and sediments mixture was significantly
higher than that of samples under different Cd 2+
stresses. The original samples had the highest value
of Simpson and Shannon-Weaver index, which
means the most diverse microbial communities than
other samples. Then, with Cd2+ stress increased to a
certain level, the Simpson and Shannon-Weaver
index became incalculable, representing a single or
none microbial community existed in sample. In
addition, the coverage index of clone libraries (all
above 94%) also indicated that a representative data
was obtained. Rarefaction analysis was also carried
out to evaluate whether clones were sufficient to
estimate microbial community diversity within the
prepared clone library or not. The result (Fig. 1)
showed that libraries which covered most of the
microbial information were analysis-satisfying as
coverage index had revealed.

RESULTS AND DISCUSSIONS
Geochemical characteristics of samples. The
temperature of the four sites ranged from 26 °C to
 & DQG S+ YDULHG EHWZHHQ í GDWD QRW
shown). A total of 18 chemical elements in the
drainage and sediment were analyzed by the ICPAES (Table 2). The result showed that the element
categories of samples were heterogeneous, but all
elements in drainage except Cu had a significantly
higher content than those in sediment. In addition,

TABLE 2
Element analysis for sediment and drainage
Sample
Element
S
P
Fe
Ca
Na
Al
Zn
Mg
Mn
K
Cr
Pb
Cu
Ni
Cd
Ti
As
Si

Sediment (%)

Drainage (mg/L)

5.98
0.31
24.39
3.99
0.13
3.00
0.081
0.74
0.15
0.70
0.14
0.008
4.48
0.005
0.002
0.068
0.023
-

676
25
690.75
450
0.67
6.05
0.81
191
17.76
18.67
0.86
5.07
1.71
1.24
0.41
0.66
5.85
5.36
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TABLE 3
Numerical analysis of constructed libraries
Sample
No. of clone
Coverage
(%)
Simpson
Shannonweaver

Change of microbial community diversity
under different Cd2+ stress. To investigate whether
microbial community diversity changes under
different Cd2+ stress or not, samples were exposed to
different Cd2+ stresses with different energy sources.
When sample was cultured under 35 mM Cd2+ stress
with Fe, S and yeast extract as mix energy source
(Fig.3), the community shrinked into two classes
(76.32% Firmicutes and 23.68% Proteobacteria).
The reason why Proteobacteria accounted for such
a dominant proportion might be that its outer
membrane mainly consists of lipopolysaccharide,
phospholipid and proteins protected the cell from
positive-charged metal ions [12]. As the
concentration of Cd2+ stress increased to 175 mM,
Firmicutes and Proteobacteria were still the only
bacteria existed in medium, while the proportion was
different as energy source changes (Fig.3 and Fig.4).
When Fe, S and yeast extract were supplied, the
Firmicutes and Gammaproteobacteria accounted for
51.26% and 48.74% respectively, but the numbers
were 5.94% and 94.06% when S was added as
energy source. Interestingly, there was only one
strain exited when Cd2+ content increased to 250 mM
(mix energy source) and 350 mM (S as energy
source). It seems like that a high cadmium-resistance
strain could be isolated by increasing Cd2+ stress to
a certain level.
With the Cd2+ stress increases, the community
became less diverse. Based on the Principal
Component Analysis of the community diversity
(Fig.5), we could discover that microbial
communities were divided into three groups, while
the original one was drastically different from others
because of its high abundance. The community
diversity of 35 mM with Fe, S and yeast cultivation,
to some extent, had similarity with 175 mM with Fe,
S and yeast cultivation, except for the relative high
percent of Firmicutes. The rest three community
diversities shared the common characteristic of high
proportion of Proteobacteria. In addition, the strain
survived in 250 mM (mix energy source) or 350 mM
(S
as
energy
source)
belonged
to
Gammaproteobacteria.
In order to identify the classification of
cadmium-resistance strain isolated from high Cd2+
solution, the 16s rDNA sequence was aligned with
sequences in NCBI library. As a result, no sequence
was identified to 16s rDNA sequence of the strain,
which means it might be a new strain. Therefore, the
16s rDNA sequence was committed to NCBI library,
and an accession number was KU534597.

35
175
250
175(S 350(S
(Fe+S+Y) (Fe+S+Y) (Fe+S+Y)
)
)
395
114
119
137
101 112

Origin

97

94

97

100

98

100

0.60

0.40

0.50

-

0.11

-

1.39

0.89

0.81

-

0.28

-
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FIGURE 1
Rarefaction analysis of clones under different
Cd2+ stress and energy source

Original microbial community diversity
analysis. Abundance analysis of microbial
community in drainage and sediment mixture was
studied by aligning 16S rDNA sequences and
constructing phylogenetic tree. As shown in Fig.2,
the original bacteria can be classified into 11 phyla,
which included Proteobacteria, Bacteroidetes,
Acidobacteria,
Chloroflexi,
Cyanobacteria,
Armatimonadetes,
Nitrospirae,
Firmicutes,
Actinobacteria, Verrucomicrobia, Planctomycetes.
Proteobacteria was the most abundant phylum in
mine drainage and sediment mixture, and accounted
for 61.27% of all bacterial amplicons. In
Proteobacteria,
Alphaproteobacteria
and
Betaproteobacteria were the most dominant classes,
Gammaproteobacteria (12%) only accounted for a
small fraction. The phyla Nitrospirae and
Acidobacteria were the second and third dominant
communities, accounting for 13.46% and 6.84%,
respectively of all bacterial amplcons. Then, the
proportion of other phyla were 5.06%
(Cyanobacteria), 4.81% (Planctomycetes), 3.29%
(Firmicutes), 2.78% (Actinobacteria), 1.27%
(Chloroflexi), 0.76% (Bacteroidetes), 0.51%
(Armatimonadetes) and 0.25% (Verrucomicrobia).



© by PSP

Volume 25 ± No. 12a/2016, pages 5849-5856

Fresenius Environmental Bulletin

FIGURE 2
Phylogenetic tree of original sample (reference sequences from Genebank)
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FIGURE 3
The relative distribution of each phylum in the corresponding clone libraries with Fe, S and yeast
extract as energy sources

FIGURE 4
The relative distribution of each phenotype in the corresponding clone libraries with S as energy
sources

FIGURE 5
Principal component analysis (PCA) of community diverse with different energy sources
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aeruginosa strain E1. Journal of Central South
University of Technology, 16, 416-421.
[4] Bandara J., Wijewardena H., Bandara Y.,
Jayasooriya R., & Rajapaksha H. (2011).
Pollution of River Mahaweli and farmlands
under irrigation by cadmium from agricultural
inputs leading to a chronic renal failure
epidemic among farmers in NCP, Sri Lanka.
Environmental Geochemistry and Health, 33,
439-453.
[5] Ghosh D., Saha R., Ghosh A., Nandi R., & Saha
B. (2015). A review on toxic cadmium
biosorption from contaminated wastewater.
Desalination and Water Treatment, 53, 413-420.
[6] Clares M E., Guerrero M G., & GarciaGonzalez M. (2015). Cadmium removal by
Anabaena sp. ATCC 33047 immobilized in
polyurethane foam. International Journal of
Environmental Science and Technology, 12,
1793-1798.
[7] Wang Z X., Hu X B., Xu Z C., Cai L M., Wang
J N., Zeng D., & Hong H J. (2014). Cadmium in
agricultural soils, vegetables and rice and
potential health risk in vicinity of Dabaoshan
Mine in Shaoguan, China. Journal of Central
South University, 21, 2004-2010.
[8] Hojati S., & Khademi H. (2013). Cadmium
sorption from aqueous solutions onto Iranian
sepiolite: Kinetics and isotherms. Journal of
Central South University, 20, 3627-3632.
[9] Chen B Y., Chen C Y., Guo W Q., Chang H W.,
Chen W M., Lee D J., Huang C C., Ren N Q., &
Chang J S. (2014). Fixed-bed biosorption of
cadmium using immobilized Scenedesmus
obliquus CNW-N cells on loofa (Luffa
cylindrica). sponge. Bioresource Technology,
160, 175-181.
[10] Rafatullah M., Sulaiman O., Hashim R., &
Ahmad A. (2012). Removal of cadmium (II)
from aqueous solutions by adsorption using
meranti wood. Wood Science and Technology,
46, 221-241.
[11] Perez-Rama M., Torres E., Suarez C., Herrero
C., & Abalde J. (2010). Sorption isotherm
studies of Cd (II) ions using living cells of the
marine microalga Tetraselmis suecica (Kylin)
Butch. Journal of Environmental Management,
91, 2045-2050.
[12] Abbas S Z., Rafatullah M., Ismail N., & Lalung
J. (2014). Isolation, Identification, and
characterization
of
Cadmium
resistant
Pseudomonas sp. M3 from industrial
wastewater. Journal of Waste Management,
2014,1-6.
[13] Bai H J., Zhang Z M., Yang G E., & Li B Z.
(2008). Bioremediation of cadmium by growing
Rhodobacter sphaeroides: kinetic characteristic
and
mechanism
studies.
Bioresource
Technology, 99, 7716-7722.

CONCLUSIONS
1) The bacterial community diversity of
original drainage and sediments mixture was
significantly higher than that of samples under
different Cd2+ stresses.
2) The original bacteria in drainage and
sediments mixture can be classified into 11 phyla,
which includes Proteobacteria, Bacteroidetes,
Acidobacteria,
Chloroflexi,
Cyanobacteria,
Armatimonadetes,
Nitrospirae,
Firmicutes,
Actinobacteria,
Verrucomicrobia
and
Planctomycetes.
3) Microbial community diversity decreased
with the Cd2+ stress increasing, and the composition
of bacteria were different. As Cd2+ concentration
increased to 250 mM (Fe, S and yeast extract as
energy source) and 350 mM (S as single energy
source), a high cadmium-resistance strain could be
isolated.
4) 16S rDNA sequence of the cadmiumresistance strain was not identical to any sequence in
NCBI library, meant that the strain might be a new
strain. The accession number of 16S rDNA sequence
committed to NCBI is KU534597.
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ABSTRACT

INTRODUCTION

This experiment was conducted to evaluate the
influence of Spirulina platensis on growth
performance, egg quality and some serum
parameters of laying Japanese quails. For this
experiment, 100 ten weeks-old, female Japanese
quails (Coturnix coturnix Japonica) with similar
body weight were caged individually and were
randomly divided into four groups of 25 quails each.
Quails were fed diets supplemented with 0 (control),
0.5, 1.0 and 2.0% Spirulina platensis for 8 weeks.
Spirulina platensis addition did not affect feed
conversion ratio, feed intake, egg production, egg
weight, shape index, eggshell thickness and haugh
unit, significantly (P>0.05). However, there were
significant differences (P<0.05) in final body weight,
yolk index, albumen index and eggshell weight of
experimental groups. There were significant
differences (P<0.05) between groups in low density
lipoprotein (LDL cholesterol) and high density
lipoprotein (HDL cholesterol) concentrations. The
LDL cholesterol concentration decreased while HDL
cholesterol concentration increased with the
increased supplementation of Spirulina platensis.
Spirulina platensis supplementation also decreased
plasma total cholesterol and trigyliceride levels
between groups numerically but not statistically
(P>0.05). The mean egg yolk cholesterol levels
dropped by 19.65 and 18.93% in the 1.0 or 2.0%
Spirulina platensis supplemented groups compared
with control group. In conclusion, Spirulina algae
can be used safely in laying quails diets with
important effects on serum parameters and egg yolk
cholesterol.

Spirulina is a type of multicellular and
filamentous cyanobacterium which can colonize
environments that are unsuitable for many other
organisms, forming populations in freshwater and
brackish lakes and some marine environments,
mainly alkaline saline lakes [1]. Spirulina has a
history of human consumption dating as far back as
the 16th century, where it has been reported that
Aztecs harvested algal biomass resembling Spirulina
to be consumed as part of their diet [2]. Spirulina is
generally regarded as a rich source of protein,
vitamins, essential amino acids, minerals, essential
fatty acids like Ȗ-linolenic acids (GLA) and
antioxidant pigment like carotenoids [3,4]. Spirulina
has a level of 62 % amino acid content and it is also
regarded as WKH ZRUOG¶V ULFKHVW QDWXUDO VRXUFH RI
vitamin B12 and contains a whole spectrum of natural
mixed carotene and xanthophyll phyto pigments
which together with phycocyanin, seem to be related
to its antioxidant activity. In addition, highly
unsaturated fatty acid (e.g., eicosapentaenoic acid,
arachidonic acid and docosahexaenoic acid) content
is of major importance [5]. Therefore spirulina is
gaining more attention because of its nutritional and
various medicinal properties [6,7,8].
Spirulina can be considered as a nutritional
supplement that has various health benefits for
humans, and a feed supplement for animals having
economic benefits [8,9]. Spirulina platensis's lipid
extracts present a promising potential as an
accessible and safe alternative to synthetic
antioxidants and antimicrobials [10]. Colla et al. [11]
showed that the potential of biomass Spirulina to
decrease the serum levels of total cholesterol and to
increase the serum levels of HDL-cholesterol,
considered as a protective factor against the
development of atherosclerosis.
Spirulina or its extracts have cholesterolreducing effects in mice [12], rats [13], and in layers

KEYWORDS:
egg quality, japanese quails, performance,
parameters, spirulina platensis

serum
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[14]. Spirulina has been shown to be an effective
means of altering chicken product quality to meet
consumer preferences. For instance, the total
cholesterol content of eggs can be lowered by
including Spirulina into layer hen diets [15]. This is
mainly due to Spirulina¶V high antioxidant and
omega-3polyunsaturated fatty acids (PUFA)
contents that enriches the nutritional value of eggs at
the expense of cholesterol content [15,16]. Egg yolk
colour has also been found to intensify linearly with
increased dietary Spirulina levels [15, 17]. The effect
of Spirulina on yolk color is attributed to its high
level content of zeaxanthin, xanthophylls and other
FDURWHQRLGSLJPHQWVSDUWLFXODUO\ȕ-carotene, which
accumulate into the yolk [18,19].
However, there are few researches about the
usage of Spirulina as a feed supplement in laying
Japanese quails. The aim of this work is to study the
effects of dietary Spirulina platensis as a feed
supplement on egg quality, performance and serum
parameters in laying Japanese quails.

Maize
Soybean Meal
Sunflower Meal
Full-Fat Soybean
Maize Gluten
Wheat Bran
Spirulina Powder
Vegetable Oil
Limestone
Salt
Choline chloride
Soda
DCP-18
Lysine Sulphate

Methionine
Vitamin Premix*
Mineral Premix**

0
35.024
15.000
10.800
10.000
7.153
4.188
0.000
7.957
8.547
0.300
0.235
0.177
0.098
0.159
0.103
0.200
0.100

MATERIALS AND METHODS
Animals, Diets and Feeding Treatments. A
hundred of 10-weeks old female Japanese quails
(Coturnix coturnix Japonica) with similar body
weight were randomly divided to four groups, each
comprising of 25 quails. The birds were individually
maintained in 16 x 26 x 25 cm cages in a wellventilated room with artificial illumination for 16
hours/day. Water and feed were available for ad
libitum consumption.
The isocaloric and isonitrogenous experimental
diet was formulated to meet the nutrient
requirements for laying quails [20]. The ingredients
and composition of the diet (200 g crude protein and
2800 kcal ME kg±1) are presented in Table 1. Diets
were supplemented with 0 (control), 0.5, 1.0 or 2.0%
level of Spirulina platensis. The experiment was
conducted for 8 weeks.

TABLE 1
Composition of experimental diets (%)
Spirulina platensis in diet (%)
0.5
1.0
34.923
34.820
15.000
15.000
10.741
10.670
10.000
10.000
6.681
6.209
4.417
4.646
0.500
1.000
7.930
7.957
8.465
8.382
0.300
0.300
0.235
0.235
0.140
0.104
0.100
0.103
0.149
0.138
0.114
0.125
0.200
0.200
0.100
0.100

2.0
34.619
15.000
10.541
10.000
5.266
5.105
2.000
8.010
8.217
0.300
0.235
0.031
0.107
0.116
0.148
0.200
0.100

Calculated nutrient content, %
ME (kcal/kg)
Crude Protein, %
Crude Fiber, %
Calcium

Available
phosphorus
Methionine
Met &Cys
Lysine
Sodium
Potassium

2800
20
4
3.5
0.38

2800
20
4
3.5
0.38

2800
20
4
3.5
0.38

2800
20
4
3.5
0.38

0.48
0.84
1.00
0.18
0.82

0.49
0.84
1.00
0.18
0.82

0.49
0.84
1.00
0.18
0.82

0.50
0.84
1.00
0.18
0.82

*Each kg of vitamin premix contains: 15 000 000 IU retinol; 5 000 000 IU cholecalciferol; 100 000 IU tocopherol; 5 000 IU
phytonadione; 4 000 IU thiamine; 10 000 IU riboflavin; 5 000 IU pantothenic acid; 30 IU cyanocobalamin 50.000 mg l-ascorbic
acid; 60 000 mg niacin; 18.000 mg calcium d-pantothenate; 2 000 mg folic acid; 250 mg biotin
**Each kg of mineral premix contains: 100 000 mg manganese; 80 000 mg iron; 100 000 mg zinc; 10 000 mg copper; 200 mg
cobalt; 1 500 mg iodine 200 mg selenium
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TABLE 2
Effect of Spirulina platensis on the performance of Japanese quail
Spirulina platensis Supplementation (%)
Parameters
0
0.5
1.0
2.0
P
Initial Body Weight (g)
358.80±6.317
358.91±6.215
358.20±6.055
358.04±6.333 1.000
Final Body Weight (g)
383.68±7.101ab
398.04±11.625a
381.40±6.115ab 371.48±8.166b 0.180
Feed conversion ratio
3.18±0.068
3.14±0.042
3.07±0.042
3.12±0.043 0.463
(kg feed kg egg-1)
Feed intake
2252.7±46.59
2276.05±48.50
2223.10±36.86
2281.43±48
0.795
( g/bird/8 wk)
Egg number (n)
1264
1268
1266
1280
Egg weight
13.97±0.102
14.21±0.076
14.17±0.094
14.06±0.096 0.260
(g/bird/8 wk)
Egg production (%)
92.12±0.84
90.57±0.87
90.88±0.96
92.35±1.03 0.439
ab

: Means with the different superscript within row are significantly different (P<0.05).
content of the egg yolk was determined using the
methods of Biochemical Analysis and Food Analysis
[21].
Ten quails were randomly selected at the end of
the experiment to determine serum parameters.
Blood samples were collected into tubes containing
EDTA, which acts as an anticoagulant. Plasma
samples were separated by centrifugation at 2 000
rpm for 10 minutes. The total cholesterol,
triglyceride, HDL and LDL concentrations in serum
were measured using a Shimadzu 1200
spectrophotometer and kits and calibrators from
Diasis Diagnostic Systems (Turkey).

Growth Parameters. Laying quails were
weighed at the beginning and end of the experiment.
Feed consumption was recorded weekly and feed
efficiency was calculated during the 8-weeks of
experimental period. The value of feed efficiency
was calculated as kg feed/kg of egg. Eggs were
collected weighed daily. Egg production was
calculated on a hen/day basis. Mortality was
recorded as it occurred.
Throughout the experimental period, 12 eggs
were collected from each group on weekly basis to
determine the egg traits. The length, width and
weight of each egg were recorded followed by the
measurement of height of the thickest part of the
albumen and yolk. The overall width and length were
measured by using a compass. A calibrated
micrometer was used for measuring the thickness of
the eggshell, reported as the mean of three different
sides, as mm.
The yolk index (YI) was calculated as follows:
YI =

Statistical analysis. Data were statistically
analyzed using the One Way ANOVA procedure of
SPSS (release 17  ZLWK 'XQFDQ¶V 0XOWLSOH 5DQJH
Test to identify the significant differences between
the means.

h
w

RESULTS AND DISCUSSION

Where h is the length and w the width, in mm.
The albumen index (AI) was calculated as
follows:

AI

100 x

Layer Performance. The effects of Spirulina
platensis on the performance of laying quails are
shown in Table 2. The supplementation of Spirulina
platensis had no significant effect (P>0.05) on feed
conversion ratio, feed intake, egg number, egg
weight and egg production. In agreement with the
present study, Ross and Dominy [17], reported that
growth of the chicks fed with the spirulina diets (0,
1.5, 3.0, 6.0, or 12.0% of spirulina) was not different
from that of the chicks receiving the control diet.
Same researchers used Japanese quail to test the
effects of 0, 1.5, 3.0, 6.0, and 12.0 % of Spirulina on
growth and egg production of the F1 generation of
dams. They reported that there were no significant
differences due to the Spirulina content in any of the
parameters studied. Venkataraman et al. [22] also
explained that Spirulina platensis did not affect the
performance of broilers. In contrast to our study
Mariey et al. [14] showed that birds fed with 0, 0.10,
0.15 or 0.20% Spirulina-diets achieved superior

h
(l  w) / 2

With h = height, l = length and w = width (in
mm)
The Haugh unit (HU) values (8) were
calculated by the formula:
HU 100 log( h  7.57  1.7G 0.37 )
h = height of albumen (mm), G = weight of egg (g).
Egg Yolk Cholesterol and Serum Analysis.
Ten eggs were collected from each experimental
group in the middle and at the end of the experiment
to determine their cholesterol concentrations. Eggs
were hard-boiled to separate the yolk. Cooked yolk
weights were recorded. Cooked yolk was extracted
and subsequently analyzed for cholesterol
concentration on a per yolk basis. The cholesterol
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Parameters
Shape Index
Haugh Unit
Yolk Index
Albumen Index
Eggshell thickness (mm)
Eggshell Weight (g)

TABLE 3
Effect of Spirulina platensis on the quality of quail eggs
Spirulina platensis Supplementation (%)
0
0.5
1.0
76.78±0.408
77.22±0.375
76.70±0.393
98.18±0.449
97.43±0.587
97.40±0.475
47.48±0.322ab
47.52±0.408ab
46.78±0.356b
17.02±0.401a
15.77±0.369b
15.09±0.271b
0.199±0.002
0.201±0.002
0.198±0.002
1.64±0.017a
1.63±0.022a
1.55±0.022b

2.0
P
76.88±0.439 0.808
97.09±0.617 0.534
48.45±0.436a 0.024
15.71±0.396b 0.002
0.207±0.002 0.062
1.68±0.0.15a 0.000

ab

: Means with the different superscript within row are significantly different (P<0.05).

and Narahari [15 ] also reported that the total
cholesterol content of eggs can be lowered by
including Spirulina into layer hen rations. This is
mainly due to Spirulina¶V Kigh antioxidant and
omega-3 polyunsaturated fatty acids (PUFA)
contents that enriches the nutritional value of eggs at
the expense of cholesterol content (Sujatha and
Narahari, 2011). In contrast to our study Zahroojian
et al. [24] reported that the supplementation of
Spirulina platensis had no significant effect (P>0.05)
on egg yolk cholesterol when laying hens were fed
with 0, 1.5, 2.0 and 2.5% levels of Spirulina
platensis.

significantly means of egg production rate, daily egg
mass and feed conversion ratio to those of the control
group. Kaod [23] investigated the effects of dietary
supplementations of prebiotic (Lactose and Myco)
and Spirulina platensis on broiler performance and
found that body weights, average daily weight gain,
carcass yield percentage and feed conversion rate
were significantly (P<0.05) increased by the dietary
inclusion of the prebiotic and Spirulina platensis as
compared to the control diet fed broilers.
The effects of Spirulina platensis on the egg
traits of laying quails are shown in Table 3. The
results show that inclusion of Spirulina platensis had
no significant effect (P>0.05) on egg shape index and
Haugh unit. However, there were significant
differences (P<0.05) in egg albumen index, egg yolk
index, egg shell thickness and egg shell weight. The
effect of dietary Spirulina platensis on egg traits had
been reported previously by Zahroojian et al. [24]. In
contrast to the present study Zahroojian et al. [24]
reported that the supplementation of Spirulina
platensis had no significant effect (P>0.05) on egg
traits when laying hens were fed 0, 1.5, 2.0 and 2.5%
Spirulina platensis. Mariey et al. [14], Hasin et al.
[25] and Ross and Dominy [17] also observed no
significant differences in egg quality characteristics
with Spirulina supplemented diets.
Egg shell weight increased with increasing
level of Spirulina supplementation (P<0.05). This
may be due to the effects of high calcium content of
Spirulina [26]. Williamson and
Burkitt [27]
explained that the calcium content of Spirulina is 26
times folder that of milk.

Serum Parameters. The effects of Spirulina
platensis supplementation on serum parameters of
laying quails are shown in Table 4. Spirulina
platensis supplementation did not significantly affect
plasma cholesterol and triglyceride concentrations
(P>0.05). However, compared with a control diet,
0.5, 1.0 or 2.0 % Spirulina platensis reduced plasma
triglyceride concentration by 2.08, 17.29 and
18.51% respectively. These results are in line with
those obtained by Mariey et al. [14] who reported
significant decrease (P<0.05) in blood plasma
concentrations of cholesterol, and triglycerides with
the supplementation of Spirulina. Nagaoka et al. [13]
investigated the hypocholesterolemic action of
Spirulina platensis concentrations (SPC) in rats.
They reported that serum cholesterol concentrations
were significantly lower in rats fed SPC than in those
fed casein. The hypocholesterolemic action of SPC
may involve the inhibition of both jejunal cholesterol
absorption and ileal bile acid reabsorption. In another
experiment Colla et al. [11] reported that Spirulina
has an effect to decrease the serum levels of total
cholesterol in rabbits.
The levels of plasma high density lipoprotein
(HDL-cholesterol)) concentration in laying quails
fed diets containing 0.5, 1.0 and 2.0% Spirulina
platensis were higher than that of the fed with the
control diet (P<0.05). The levels of low density
lipoprotein (LDL-cholesterol) concentration in
laying quails decreased with Spirulina platenis
supplementation. Similarly, Nagaoka et al. [13]
reported that the serum HDL cholesterol

Egg Yolk Cholesterol. Egg yolk cholesterol
concentrations per gram of yolk decreased (P<0.05)
with
1.0
or
2.0%
Spirulina
platensis
supplementation to diet (Table 4). These results
indicate that, compared with a control diet, the mean
egg yolk cholesterol levels dropped by 19.65 and
18.93% in the 1.0 or 2.0 % Spirulina platensis
supplemented diets. Mariey et al. [14 ] reported that
there were significant (P<0.05) reductions in yolk
cholesterol as the level of dietary Spirulina was
increased. This reduction in cholesterol contents may
be related to their lower levels in blood plasma
of hens fed the Spirulina-containing diets. Sujatha
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TABLE 4
Effect of Spirulina platensis on serum parameters (mg/dl) and egg yolk cholesterol (mg/g)
Spirulina platensis Supplementation (%)
Parameters
0
0.5
1.0
2.0
P
Plasma cholesterol
230.64±16.69
236.39±14.00
204.09±14.66
195.17±20.50 0.259
Plasma triglyceride 516.60±37.44
505.81±30.15
427.27±40.22
420.97±13.76 0.091
HDL
123.47±8.38 c
141.14±11.09bc 162.63±7.90ab
168.22±4.89a 0.007
LDL
74.99±11.69
63.25±2.65
54.16±2.15
53.40±1.13
0.072
Egg yolk cholesterol
38.88 ±1.22a
39.43±1.36a
31.24±1.94b
31.52±1.07b 0.000
ab
: Means with the different superscript within row are significantly different (P<0.05).
Olsen, Y. (1997) A review of the Nutritional
Effects of Algae in Marine Fish Larvae.
Aquaculture, 155:207-221.
[6] Miranda, M.S., Cintra, R.G., Barros, S.B. and
Manchini, F.J. (1998) Antioxidant Activity of
the Microalga Spirulina maxima. Braz. J. Med.
Bio. Res., 31:1075±1079.
[7] Pinero Estrada, J.E., Bermejo Bescos, P. and
Villar Del Fresno, A.M. (2001) Antioxidant
Activity of Different Fractions of Spirulina
platensis Protean Extract. IL Farmaco, 56:497±
500.
[8] Rasool, M., Sabina, E.P. and Lavanya, B. (2006)
Anti-inflammatory
Effect
of
Spirulinafusiformison
Adjuvant-induced
Arthritis in Mice. Biol. Pharm. Bull., 29:24832487.
[9] Parikh, P. and Mani Iyer, U. (2001) Role of
Spirulina in the Control of Glycaemia and
Lipidaemia in Type 1 Diabetes Mellitus. J. Med.
Food., 4:193-199.
[10] Ramadan, M.F., Asker, M.M.S. and Ibrahim,
Z.K. (2008) Functional Bioactive Compounds
and Biological Activities of Spirulina platensis
Lipids. Czech J. Food Sci., 26:211±222.
[11] Colla, L.M., Muccillo-Baisch, A.L. and Vieira
Cost, J.A. (2008) Spirulina platensis Effects on
the Levels of Total Cholesterol, HDL and
Triacylglycerols in Rabbits Fed with a
Hypercholesterolemic Diet. Braz. Arch. Biol.
Technol., 51(2):405-411.
[12] Kato, T., Takemoto, K., Katayama, H. and
Kuwabara, Y. (1984) Effects of Spirulina
(Spirulina
platensis)
on
Dietary
Hypercholesterolemia in Rats. J. Jap. Soc. Nutr.
Food Sci., 37:323-332.
[13] Nagaoka, S., Shimizu, K., Kaneko, H.,
Shibayama, F., Morikawa, K., Kanamaru, Y.,
Otsuka, A., Hirahashi, T. and Kato, T. (2005)
Novel Protein C-Phycocyanin Plays a Crucial
Role in the Hypocholesterolemic Action of
Spirulina platensis Concentrate in Rats. J. Nutr.,
135(10):2425-2430
[14] Mariey, Y.A., Samak, H.R. and Ibrahem, M.A.
(2012) Effect of Using Spirulina platensis Algae
as a Feed Additive for Poultry Diets: 1Productive and Reproductive Performances of
Local Laying Hens. Egypt Poult. Sci.,
32(1):201-215.

concentration was significantly higher in the group
fed SPC than in the casein group in rats.They
explained that serum LDL-cholesterol concentration
was significantly lower in the group fed with SPC.
Colla et al. [11] also reported that HDL-cholesterol
concentration decreased in rabbits fed with
Spirulina. They also explained that the decreased t
serum levels of total cholesterol and increased serum
levels of HDL-cholesterol, can be considered as a
protective factor against atherosclerosis.

CONCLUSION
The results of this study clearly demonstrate
that Spirulina platensis has potential benefits as a
feed additive in reducing plasma and egg cholesterol
concentrations in laying quails. Spirulina platensis
up to 2% in diet can be used as a
hypocholesterolemic agent in practical laying quail
diets when low cholesterol egg is desired in the
human diet.
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channel are more complex because of the formation
of a complicated lateral circulation cell [12]. Hua et
al. [13] compared the flow characteristics of
stratified flow in 45°, 90°, and 180° curved channels
and found that the mixing intensity decreased along
the channel. Recently, Williamson [1] observed an
additional thin layer in the near-bed region of
strongly stratified flow at a sharp 120° bend.
In addition to straight and curved rivers, the
braided river is another typical river pattern.
However, the characteristics of stratified flow
through braided rivers are not well known. The
typical braided river with a mid-bar is composed of
a bifurcation, two curved anabranches and a
confluence. Previous studies of the flow structure of
a braided river have focused mainly on the
bifurcation and confluence [14-16]. Also there has
been some research on the homogeneous flow
structure of the whole braided river [17-20]. Two
circulation cells of opposite rotation were observed
in the anabranch of the laboratory braided river by
Hua et al. [17]. Field velocity measurements were
conducted in the Brahmaputra River, and large-scale
secondary current cells were observed at the flow
bifurcation and bend apex [19]. However, the
characteristics of homogeneous flow in a braided
river may be markedly different from those of
stratified flow. Therefore the study of the stratified
characteristics of braided rivers is essential, and the
results can provide a scientific reference for water
conservation, environmental protection, shipping
and other related fields. Gu et al. [21] examined
hydraulic characteristics of three stratified flow
patterns in the braided river model when temperature
GLIIHUHQFH ǻT was kept at 10°C, and meanwhile
mentioned the significant distinction of lateral
cirFXODWLRQ EHWZHHQ WKH IORZ ZLWK ǻT=10°C and
ǻT=0°C, which revealed that the temperature
difference was an important influencing factor. In
fact, besides the lateral circulation, the distribution
of longitudinal velocity and temperature are also
affected by the temperature difference between two
layers, which is still unclear and needs to be further
studied. Furthermore, the turbulence kinetics

ABSTRACT
The braided river is a common river pattern, but
the phenomena that occur when a stratified flow
passes through a braided river are not well known. In
the present study, flow characteristics under different
temperature conditions were observed by combining
laboratory experiments and numerical simulations.
The results indicate that the positions of the hightemperature zone, the high-velocity zone and the
secondary circulation varied significantly as the
temperature difference between two layers varied.
The transfer path of the high-velocity zone was
reversed when going from isothermal to thermalstratified flow, which was caused by the reversal
circulation structure in cross-section. In thermalstratified flow with a slight temperature difference of
1°C and 3°C, the high-temperature zone stayed very
near the middle of the outside bank along the
anabranch, with no shift to the inner bank, while with
a little large temperature difference of 5°C, a shift of
the high-temperature zone along the anabranch
occurred. In addition, the turbulence kinetics also
varied with the temperature difference.

KEYWORDS:
stratified flow, temperature difference, flow characteristics,
temperature distribution, braided rivers

INTRODUCTION
In rivers and estuarine channels, stable
stratification occurs as a result of surface heating or
saline intrusions from either ground water or ocean
inflow [1]. It is well known that stratification has a
significant effect on turbulent mixing, stream-wise
velocity and lateral circulation [2-6]. The
characteristics of stratified flow in straight, open
channels and curved channels have been widely
studied [1, 7-11]. Compared with straight channels,
the flow and temperature distribution in a curved
5863
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the flume was 0.25 m. The widths of the straight
segments, anabranch 1 and anabranch 2 are denoted
B0, B1 and B2, respectively. Here, B0=0.28 m, and
B1=B2=0.2 m. A thin glass plate was set in the
straight introduction segment at a height of 0.15 m
from the bottom to separate the upper hot water and
the lower cold water. The depths of the hot and cold
water are denoted H1 and H2; H1=0.04 m, and
H2=0.15 m. Total water depth H is the sum of H1 and
H2 plus the thickness of the middle glass plate,
totaling 0.193 m (Fig. 1).
Water was pumped into the tank from the
reservoir. The hot water was supplied by a hot-water
tank equipped with electrical bars. Temperatures in
the upper and lower layers are denoted T1 and T2.
Flow rates in the upper and lower layers, denoted Q1
and Q2, were monitored by electromagnetic
flowmeters. The effluent water flowed back into the
reservoir a long distance from the water intake. Due
to the large volume of reservoir and the long distance
between the water intake and outlet, the temperature
of the cold water supplied from the reservoir did not
change during the experiment. Velocity and
temperature were measured by a Sontek threecomponent acoustic Doppler velocimeter (ADV) and
a digital thermometer.

distribution also varied with the temperature
difference.
In the present study, laboratory experiments
and numerical simulations were combined to
investigate the stratified flow in a typical braided
river with two symmetrical anabranches with
different temperatures in two layers.

MATERIALS AND METHODS
A typical braided river model with a mid-bar
between two symmetrical anabranches was used,
which was fixed in an organic glass flume (Fig. 1)
with two mutually independent inflow systems, cool
water and hot water [21]. The flume consisted of a
straight introduction segment, a braided segment and
a straight effluent segment. The introduction and
effluent segments were both 5 m long, and the
braided segment was 1.71 m long. The braided
segment included two symmetrical anabranches. The
cross-section in each anabranch was rectangular. The
two anabranches were separated by an organic glass
mid-bar, and the angle of the mid-bar was 90 degrees.
The bank near the mid-bar was the inner bank, while
the further bank was the outer bank. The height of

FIGURE 1
Sketch of experimental setup: (a) the experimental layout plan; (b) longitudinal cutaway view; (c)
locations of measurement cross sections.
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TABLE 1
Inlet Flow Condition
Run
Parameters
T1(°C)
Q1(×10-3
upper
m3/s)
layer
ȡ1(×10-3
kg/m3)
T2(°C)
-3
lower Q23(×10
m
/s)
layer
ȡ2(×10-3
kg/m3)
ǻT (°C)
(ȡ2-ȡ1)/ȡ2(×10-3)
Rm(×103)
F0

cross-section there were 7 vertical profiles, and 19
points within each vertical profile.

1

2

3

4

22.9

18

20

28.6

0.445

0.445

0.445

0.445

RESULTS AND DISCUSSION
Temperature, stream-wise velocity, lateral
circulation and turbulent kinetic energy show
significant differences for different temperature
gradients between the upper and lower layer.

997.561 998.595 998.203 996.059
22.9

17

17

23.8

3.654

3.654

3.654

3.654

997.561 998.774 998.774 997.344
0
0
2.88
-

1
0.179
2.92
4.18

3
0.571
3.11
2.343

5
1.288
3.32
1.560

This study aimed to determine the effect of
temperatures difference between the two layers on
thermal-hydraulic characteristics of stratified flow.
The stratified characteristics with temperature
differences (ǻT) of 0°C and 5°C were investigated
with a physical model. A mathematical model,
established and verified by Wang [22], was used to
explore the flow properties at critical small
temperature differences of 1oC and 3°C. Details of
the flow conditions are provided in Table 1. The
velocity ratio between the two layers V1/V2 and the
overall mean inlet velocity Vm were kept at 0.46 and
7.70 cm/s. Rm is the mean Reynolds Number,
Rm=VmR/v, where R is the hydraulic radius and v is
the kinematic viscosity of water. In addition, ȡ1 and
ȡ2 are the densities in the inlet upper and lower layers,
respectively, and (ȡ2-ȡ1)/ȡ2 is the relative density. F0
is the initial densimetric Froude number, given by

F 0 Vm /

U 2  U1
gH
U2

FIGURE 2
Contours of stream-wise velocity for different
runs: (a) Run 1; (b) Run 4; (c) section L7 in Run
2; (d) section L7 in Run 3.

«««.(1)

Longitudinal velocity distribution. At the
entrance region of each anabranch, a separation zone
emerged near the outer bank, and at the same time a
high-velocity zone was formed near the inner bank
of the anabranch, which was due to the streamline
curvature and the sudden increase in width of the two
anabranches compared with the single upstream
main channel (Fig. 2). The high-velocity zone was
found to be transferred from the inner bank in the
upstream half of the anabranch to the outer bank in
the downstream half. However, the transfer path of
the high-velocity zone showed great differences
when the temperatures of inflow in the two layers
were different. During Run 1, with the same
temperature in each layer (Fig. 2a), at the entrance
section of the anabranch (section L1), a two-layer
flow clearly existed, with an obvious interface
between the upper and lower layer. Subsequently,
water in the lower layer with high velocity
accumulated towards the inner half of the cross

The nondimensionalized coordinates were
called X, Y and Z for x/B0, y/B0 and z/B0. The mean
velocity vector, V (U ,V ,W ) , and the fluctuating
velocity
vector,
were
V c (U c,V c,W c)
nondimensionalised by the overall
mean inlet
verall mea
velocity Vm, denoted as v (u , v, w) and
vc (u c, vc, wc) . The turbulent kinetic energy K was
calculated as

K
«

Fresenius Environmental Bulletin

[( RSMU c)2  ( RSMV c)2  ( RSMW c) 2 ] / 2

«(2)

where RMSU', RMSV', and RMSW' are the rootmean squares of U', V' and W'. The dimensionless
turbulent kinetic energy is denoted as k by V2m. The
relative temperature increase t (T  T2 ) / (T1  T2 )
was used in the data analysis. 18 cross-sections in
two anabranches were measured (Fig. 1c). In every
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ǻT=0°C [21]. Thus occurrence of temperature
between two layers was considered to be the key
factor to cause the main lateral circulation cell
reverse.
When the temperature difference ǻT increased,
a different lateral circulation structure developed.
For Run 4 (ǻT=5°C), there were also two circulation
structures in the upstream half of the anabranch.
However, when the flow reached sections L5 and L6,
a new clockwise circulation C-3 emerged near the
surface of the outer bank (Fig. 3c). Then in the
downstream half of the anabranch the counterclockwise circulation C-1 was dissolved, and C-2
and C-3 merged to form a large clockwise circulation
C-4 (Fig. 3d). Because of the impediment caused by
this new clockwise circulation C-3, the high-velocity
zone near the inner bank could be transferred
outwards only through the lower layer under the
action of C-2 and C-4.

section (sections L2 and L3). From section L4, the
high-velocity zone gradually began to shift towards
the surface. In the exit section of the anabranch, L9,
the high-velocity zone had totally transferred to the
outer bank. In Run 1 with ǻT=0°C, the surface shift
was completely dominant.
When the temperature differences between hot
and cold water were 1°C (Run 2), the high-velocity
zone shifted outwards from the inner bank, not only
at the surface but also at the bottom (section L7 in
Fig. 2c), and the shift from the surface was dominant
one. For Run 3 with ǻT=3°C (Fig. 2d), though both
surface and bottom shifts still occurred, while the
bottom was the major transfer path. In Run 4 the
high-velocity zone had a slight stretching tendency
in the upper layer (section L6 in Fig. 2b), whereas
the final shift to the outer side is through the lower
layer (section L7 in Fig. 2b). If temperature
difference increased to 10°C, the bottom transfer
path became the unique one [21].
Different lateral circulation patterns coincided
with this inverse transfer route of the high-velocity
zone. Lateral circulation is caused by imbalance
between an outward-directed centrifugal force,
turbulent shear stress, buoyant force and an inwarddirected transverse pressure gradient. The lateral
circulation causes variations in the stream-wise
velocity and temperature along the anabranch.
Conversely, temperature, stream-wise velocity and
momentum distribution in turn influence lateral
circulation. In short, all of the properties of the flow
interact.
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(b)
(b) outside
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0.6

Lateral circulation. The lateral circulation
structures differed significantly in stratified flows
when temperatures varied between two layers. In
stratified flow with small temperature differences
(Run 2, ǻT=1°C; and Run 3, ǻT=3°C), the secondary
flow structures were similar. Run 3 serves as an
example. For Run 3, two circulation cells, counterclockwise circulation cell C-1 and clockwise
circulation cell C-2, occurred in the upstream half of
the anabranch (e.g. section L3, Fig. 3a). C-1
occupied the upper layer and C-2 occupied the lower
layer. Two circulation cells developed equally in
moving to the bend apex, which was the reason that
the high-velocity zone moved from the inner bank to
the outer in both layers (Fig. 2d). Then the clockwise
circulation cell C-2 was developed as the main
circulation at section L7 (Fig. 3b). By contrast, two
circulation in Run 1 (ǻT=0°C) was unequal in the
upstream half of the anabranch [21], and the counterclockwise circulation cell C-1 in the upper layer had
the dominant role (Fig. 3e), which caused the highvelocity zone moved from the inner to outer bank
through surface layer (Fig. 2a). Subsequently, C-1
was developed as the main circulation in the
downstream half of the anabranch in Run 1 with
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FIGURE 3
Cross-section lateral circulations of stratified
flow: (a-b) are sections L3 and L7 in Run 3; (c-d)
are sections L5 and L7 in Run 4; (e-f) are
sections L3 and L8 in Run 1.
As to stratified flow with ǻT=10°C, three
circulation cells were generated at section L3 and
occurred earlier than Run 4, and at the bend apex a

5866

© by PSP

Volume 25 ± No. 12a/2016, pages 5863-5869

Fresenius Environmental Bulletin

circulation structure during runs with small
temperature differences (Run 2 and Run 3) and those
with large temperature differences (Run 4). For Run
4, there was a clockwise cell C-3 and a counterclockwise circulation C-1 in the upper layer on
section L5 (Fig. 3(c)). Then C-1 disappeared in the
next section, while C-3 at the surface near the outer
bank enlarged. Under the control of C-3, the hot
water at the outer bank was transferred inwards, so
the high-temperature zone eventually arrived at the
inner bank.

large clockwise circulation cell was formed. Then
three circulation cells were developed again in the
downstream half of the anabranch, but the clockwise
circulation cell was still the dominant one [21].
Above all, the dominant lateral circulation cell
in stratified flow caused different transfer routes of
high-velocity zone as the temperature difference ǻT
increased from 0, 1, 3 to 5 degrees. Besides, the
number of circulation cells increased subsequently.
Temperature distribution. The temperature
distribution also changed at variable temperature
differences of two layers. For Run 2, with ǻT=1°C,
in section L1, a two-layer flow clearly existed, with
hot water in the upper layer and cold water in the
lower layer. Subsequently, the upper hot layer
accumulated towards the outer half of the cross
section, and a high-temperature zone was formed. By
sections L3-L9, hot and cold water were mixed along
the outer bank in the anabranch, and the hightemperature zone shifted to the middle layer near the
outer bank and was then retained in the middle layer
(Fig. 4a). The spatial characteristics of temperature
were similar in Run 2 and Run 3 with temperature
differences of 1°C and 3°C. The high-temperature
zone always stayed at the outer bank and was not
transferred to the inner bank along the anabranch
except at the inlet section L1. The reason may be that
for Run 2 and Run 3, in the upstream half of the
anabranch the counter-clockwise circulation C-1 at
the surface hindered the transport of hot water
toward the inner bank and forced it to shift to the
middle layer near the outer bank.
During Run 4, the hot water gradually began to
shift toward the inner bank from section L5 and
arrived at the inner bank at section L7 (Fig.4b±d).
There are significant differences between the

The distribution of section turbulent kinetic
energy. The mixing of hot and cold water enhanced
the turbulence intensity, and a zone of high
turbulence intensity appeared at the hot/cold
interface at the entrance section L1 of the anabranch.
However, high turbulence intensity always appeared
at the interface between the high-velocity and lowvelocity zones. Fig. 5a shows the distribution of high
turbulence intensity at section L6 during Run 1, with
no temperature difference. Because the high velocity
zone was transferred to the outer bank through the
upper layer, the position of the zone of high
turbulence intensity was near the upper layer. During
Run 2, with a 1°C temperature difference, the highvelocity zone was transferred to the outer bank at
both the surface and the bottom, so the zone of high
turbulence intensity appeared as the mirror image of
the letter C (Fig. 5b). During Run 4, the zone of high
turbulence intensity leans toward the inner bank
because the transfer route of high velocity is at the
bottom (Fig. 5c). In the downstream half of the
anabranch, the turbulence intensity was uniformly
distributed because of the decrease of velocity and
density gradient.

FIGURE 4
Temperature distribution: (a) is the whole-anabranch view of Run 2; (b-d) Run 4, sections L5-L7.
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FIGURE 5
The distribution of turbulence intensity in section L6: (a) Run 1; (b) Run 2; (c) Run 4.

Lan Project and PAPD Project, and the Fundamental
Research Funds for the Central Universities (grant
number 2016B06714 and 2014B07814).

CONCLUSION
This paper has described the complex 3D
hydraulic characteristics of stratified flow in a
braided river. The temperature difference between
the upper and lower layers greatly influenced the
stratified flow structure of the braided river. The
spatial distributions of longitudinal velocity,
temperature, turbulence intensity and lateral
circulation all varied significantly. During
isothermal stratified flow, the high-velocity zone was
transferred from the inner bank to the outer bank
through the upper layer, and main circulation cell
rotated in counter-clockwise direction was the main
reason. During thermally-stratified flow, the
thermal-hydraulic characteristics varied as the
temperature difference changed. For small
temperature differences, the high-temperature zone
always stayed in the middle layer of the outer bank,
and the high-velocity zone was transferred to the
outer bank through both the lower and upper layers.
Two circulation cells were investigated in the
upstream half of the anabranch, and the clockwise
circulation in the lower layer developed to become
the main circulation downstream. When the
temperature difference increased, shifts of both the
high-temperature and the high-velocity zones
occurred along the anabranch. However, the hightemperature zone was transferred from the outer
bank to the inner bank, while the high-velocity zone
was transferred from the inner to the outer bank. It is
especially interesting that the transfer route of the
high-velocity zone was only through the lower layer.
At large temperature differences, a new clockwise
circulation was formed at the surface near the outer
bank, and there was a three-circulation structure.
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FLORISTIC CHARACTERISTICS OF BEECH AND FIR
FORESTS ON GRANODIORITE AND SERPENTINITE IN
SERBIA
Marijana R Novakovic-Vukovic*, Rajko K Milosevic
University of Belgrade, Faculty of Forestry, Belgrade, Serbia

approximately 11,000 ha, and make about 3% of
the total growing stock in Serbia [1]. These forests
represent a climate-regional belt of vegetation in
Serbia, distributed on mountains of Goc, Kopaonik,
Stara Planina, Tara, Zlatar, Prokletije, Sara, etc. [2].
Beech and fir forests can also be found on lower
mountains, including Maljen, Jastrebac, Suva
Planina, Rtanj and others [2], but without highmountain elements in their floristic compositions.
However, they contain species typical for
monodominant beech forests. The lowest site of
beech and fir forest in Serbia is on Mt. Veliki
Jastrebac, at only 600 m altitude [3], while the
upper limit for this type of forest is at 1,550 m
above sea level on Mt. Kopaonik [4]. According to
Gajic, beech and fir forests found at lower altitudes
are submontane beech and fir forests, similar to
those in Pre-panonic area of Bosnia [5]. The
resulting secondary high beech forests are
transformed into coppice beech forests through
further degradation process [6].
The described stands of beech and fir on Mt.
Jastrebac are on the granodiorite parent rock.
Granodiorites belong to the transitional type of
rocks, between granite (with alkaline feldspar) and
quartz-diorite (rock with plagioclase). These rocks
are characterized by granular structure and gray,
greenish-gray or red color. These rocks belong to
the group of acid igneous rocks, which contains
plagioclase and smaller amount of alkaline feldspar
[7]. Described stands of beech and fir forests on Mt.
Suvobor are on the serpentinite parent rock.
Serpentinite is characterized by an unfavorable
Mg/Ca ratio and extremely small quantities of
certain biogenic elements; which affected soil
properties, and, consequently, characteristics of
flora and vegetation [8,9]. Serpentinites are rich in
heavy metals (Ni, Zn, Mn, Cu and Fe), which are
microelements essential to plants. However, they
can be very toxic in high concentrations [10]. Soils
formed on serpentinite and other ultramafic rocks
may contain several hundred times more Ni than
other soils [11].

ABSTRACT
Forest of beech and fir represents a climateregional vegetation belt, widely present in the
Balkans. In Serbia, this community has the widest
span RQ 0W *Rþ EXW RFFDVLRQDOO\ RFFXUV RQ
different parent rocks as well as on many lower
mountains. This paper compares the beech and fir
forest on the granodiorite parent rock of Mt.
Jastrebac against the same type of forest on the
serpentinite parent rock of Mt. Suvobor, in order to
determine whether and how the parent rock
influences the floristic composition of the studied
stands. The analysis included 29 phytocoenological
relevés, 20 of them from Mt. Suvobor and 9 from
Mt. Jastrebac. Statistical analysis revealed
significant differences in floristic composition of
studied sites. The beech and fir forest of Mt.
Jastrebac has richer floristic composition and a
larger number of species of the Central European
areal type, which emphasizes a highly mesophilic
character of the studied stands. The beech and fir
forest of Mt. Suvobor has poorer floristic
composition, a larger number of xerophilic species
belonging to the sub-Mediterranean areal type, as
well as an increased share of chamaephytes and
therophytes, ZKLFKLVDQLQGLFDWRURI0W6XYRERU¶V
deficient site conditions. Increased xerophilia of the
beech and fir forests on Mt. Suvobor can be
explained with the warmth of serpentinite parent
rock, as well as with very steep slopes on which the
observed stands are located.

KEYWORDS:
beech and fir; Mt. Jastrebac; Mt. Suvobor; floristic
composition

INTRODUCTION
Beech and fir forests are very modestly
present in Serbia. They are distributed on an area of
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Fagus moesiaca
[1]
Abies alba
[1]
Acer pseudoplatanus
[1]
Betula pendula
[1]
Tilia platyphyllos
[1]
Fraxinus excelsior
[1]
Populus tremula
[1]
Quercus dalechampii
[1]
Abies alba
[4]
Fagus moesiaca
[4]
Sambucus nigra
[4]
Corylus avellana
[4]
Acer pseudoplatanus
[4]
Evonymus latifolia
[4]
Tilia platyphyllos
[4]
Acer platanoides
[4]
Ulmus glabra
[4]
Sorbus aucuparia
[4]
Rubus hirtus
[6]
Abies alba
[6]
Asarum europaeum
[6]
Cardamine bulbifera
[6]
Ruscus hypoglossum
[6]
Galeobdolon luteum
[6]
Asperula odorata
[6]
Dryopteris filix-mas
[6]
Oxalis acetosella
[6]
Corylus avellana
[6]
Acer platanoides
[6]
Prenanthes purpurea
[6]
Hedera helix
[6]
Polystichum aculeatu
[6]
Sambucus nigra
[6]
Athyrium filix-femin
[6]
Festuca drymeia
[6]
Acer pseudoplatanus
[6]
Prunus avium
[6]
Evonymus latifolia
[6]
Pulmonaria officinal
[6]
Pteridium aquilinum
[6]
Lamium luteum
[6]
Mercurialis perennis
[6]
Acer heldreichii
[6]
Fraxinus excelsior
[6]
Fagus moesiaca
[6]
Viola silvestris
[6]
Galium rotundifolium
[6]
Hieracium murorum
[6]
Quercus dalechampii
[6]
Asplenium cuneifoliu
[6]
Aruncus sylvestris
[6]
Sorbus aucuparia
[6]
Lamiastrum galeobdol
[6]
Gentiana asclepiadea
[6]
Vaccinium myrtillus
[6]
Melampyrum silvaticu
[6]
Other species:
Prunus avium [1] 24: +; Tilia parvifolia [1] 5: +; Ulmus glabra [1] 11: +; Acer heldreichii [1] 13: +; Tilia tomentosa [1] 15: +; Fraxinus
ornus [4] 23: +; Tilia parvifolia [4] 5: +; Fraxinus excelsior [4] 13: +; Acer heldreichii [4] 13: +; Prunus avium [4] 20: +; Ulmus glabra [6]
1: 4; Tilia tomentosa [6] 4: +; Carex silvatica [6] 7: +; Silene vulgaris [6] 7: +; Helleborus odorus [6] 8: +; Actaea spicata [6] 9: +;
Polygonatum multiflorum [6] 9: +; Lunaria rediviva [6] 10: +; Daphne mezereum [6] 10: +; Dryopteris dilitata [6] 13: +; Populus tremula
[6] 16: +; Lactuca muralis [6] 20: +; Salvia glutinosa [6] 20: +; Hieracium transsilvanicum [6] 19: +; Fraxinus ornus [6] 21: +; Galium
schultesii [6] 21: +; Daphne blagayana [6] 25: +; Genista pilosa [6] 25: +; Polypodium vulgare [6] 27: +;
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The calculated value of Jaccard similarity
index (0.2) shows that there is little floristic
similarity among the study stands.
A CA analysis also revealed clear differences
in floristic composition between the beech and fir
stands on serpentinite of Mt. Suvobor and the Mt.
Jastrebac
stands
on
granodiorite.
The
phytocoenological relevés taken from Mt. Jastrebac
show high dispersal in the coordinate system (Fig.
1); whereas phytocoenological relevés from Mt.
Suvobor are concentrated in the lower-right corner
of the figure, which means they have a fairly
homogeneous floristic composition. Fir and beech
stabds on Mt. Jastrebac contain species typical for
the Fagetalia silvaticae order, including Asperula
odorata, Asarum europaeum, Mercurialis perennis
and others, and the species typical for the highmountain belt, such as Acer heldreichii and
Prenanthes purpurea.
Stands on Mt. Suvobor are characterized by a
much poorer floristic composition and include
species such as Fagus moesiaca, Abies alba,
Festuca drymeia, Sorbus aucuparia, and others.
The species recorded in the phytocoenological
relevés from Mt. Suvobor also include xerophylic
species of orders Quercetalia pubescentis and
Erico-Pinetalia, including Quercus dalechampii,
Fraxinus ornus and Daphne blagayana, indicating
that this forest on Mt. Suvobor is more xerophylic
than the beech and fir forest on Mt. Jastrebac. Mt.
6XYRERU¶V VHUSHQWLQLWH SDUHQW URFN DQG YHU\ VWHHS
slopes where these stands were found significantly
contribute to this discrepancy in xerophylia. The
beech and fir forest on Mt. Jastrebac is divided into
three sub-associations - typicum, aceretosum and
drymetosum. Out of all three sub-associations, the
drymetosum sub-association is the most similar to
the beech and fir forest on Mt. Suvobor in terms of
floristic composition, which is primarily due to the
great abundance and coverage of Festuca drymeia
in its floristic composition.
Stands on Mt. Suvobor are characterized by a
much poorer floristic composition and include
species such as Fagus moesiaca, Abies alba,
Festuca drymeia, Sorbus aucuparia, and others.
The species recorded in the phytocoenological
relevés from Mt. Suvobor also include xerophylic
species of orders Quercetalia pubescentis and
Erico-Pinetalia, including Quercus dalechampii,
Fraxinus ornus and Daphne blagayana, indicating
that this forest on Mt. Suvobor is more xerophylic
than the beech and fir forest on Mt. Jastrebac. Mt.
6XYRERU¶V VHUSHQWLQLWH SDUHQW URFN DQG YHU\ VWHHS
slopes where these stands were found significantly
contribute to this discrepancy in xerophylia. The
beech and fir forest on Mt. Jastrebac is divided into
three sub-associations - typicum, aceretosum and
drymetosum. Out of all three sub-associations, the
drymetosum sub-association is the most similar to
the beech and fir forest on Mt. Suvobor in terms of

MATERIAL AND METHOD
Data
collecting.
A
total
of
29
phytocoenological relevés taken from the literature
(Table 1) were used in the analysis of fir and beech
forests floristic composition. Twenty of these
phytocoenological relevés were taken in beech and
fir forests on granodiorites of Mt. Jastrebac [3], and
9 in beech and fir forests on serpentinite of Mt.
Suvobor [12]. Phytocoenological relevés were
produced by the classic Zurich-Montpelier school
method [13].
Statistical analysis. The CA vegetation data
analysis was performed using the CANOCO 4.5
statistical software [14]. The transformation of
abundance and cover estimation for each species
within phytocoenological relevés was performed
according to the Van Der Maarel method [15]. The
spectrum of floral elements was produced based on
systematization of plant-geographic elements [16],
and the life-form spectrum [17]. Indices of diversity
and evenness (Shannon-Wiener diversity index and
evenness) were calculated using the program
JUICE 7.0 [18]. This program was also used to
make an integrated synthetic phytocoenological
table. The Jaccard index of similarity between the
investigated communities was also calculated [19]
according to formula:
UV
V + U - UV

where, UV is the number of common species;
U and V are numbers of species in beech and fir
forests of Mt. Jastrebac and Mt. Suvobor,
respectively.

RESULTS AND DISSCUSION
Statistical analysis. The forest of beech and
fir on Mt. Jastrebac was found at 600-1000 m of
altitude, generally in cold-northern and eastern
exposures and on slopes ranging from 5 to 30°.
Stands of beech and fir on Mt. Suvobor were
located at approximately 700 m of altitude, also
most commonly in cold exposures and on very
steep slopes ranging from 35 to 45°.
A common feature of beech and fir stands on
granodiorite and serpentinite in the investigated
sites is poor floristic composition. A total of 47
species were recorded within 20 phytocoenological
relevés on Mt. Jastrebac, and only 25 species were
recorded
on
Mt.Suvobor
within
9
phytocoenological relevés (Table 1). Forests of
beech and fir in the studied sites share 12 common
species.
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xerophyllity. Xerophilic areal types (subMediterranean, Balkan, Balkan-Apennine and
Pontian) account for 28% on Mt. Suvobor and 19%
on Mt. Jastrebac.

floristic composition, which is primarily due to the
great abundance and coverage of Festuca drymeia
in its floristic composition.
The spectrum of floral elements. The
spectrum of floral elements (Fig. 2A) also shows
significant differences between studied stands. In
both sites, as expected, the most numerous is the
Central European areal type, as a community with
two mesophilic species as edificators. However,
this type is a lot more prevalent on Mt. Jastrebac
than on Mt. Suvobor, which indicates that stands on
Mt. Jastrebac are more mesophilic compared to the
stands on Mt. Suvobor. Generally speaking, the
elements of humid regions (Central European, SubAtlantic and Eurasian) show greater presence on
Mt. Jastrebac than on Mt. Suvobor (64% versus
44%), which is another indicator of mesophilic site
conditions on Mt. Jastrebac. On the other hand,
stands of beech and fir on Mt. Suvobor contain
more xerophylic species of the sub-Mediterranean
areal type, which is an indicator of their greater

The spectrum of life forms. The spectrum of
life forms (Fig. 2B) is characterized by the
dominance
of
phanerophytes
(including
nanophanerophytes) over hemiryptophytes in both
sites, due to the density in the tree and shrub stories
preventing the penetration of light to the ground
flora story and development of grasses, which
mainly belong to hemicryptophytes. A clear
difference is notable in the presence of
chamaephytes and therophytes, which are indicators
of adverse site conditions and dry parent rock.
These life forms are much more prevalent in the
beech and fir forest on Mt. Suvobor than on Mt.
Jastrebac. This is another indication that the beech
and fir forest on Mt. Suvobor develops under more
xerophylic site conditions compared to this forest
on Mt. Jastrebac.
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Erforderliche Parameter fehlen oder sind falsch.FIGURE 1
CA ordination biplot, fit range of all species 20-100%, 25 species (ż- marking for a phytocoenological relevé, ǻmarking for a species; (1-20) - phytocoenological relevés in the beech and fir forest on Mt. Jastrebac; (21 -29) phytocoenological relevés of the beech and fir forest on Mt. Suvobor).
Species abbreviations: Viosil-Viola silvestris; Hiemur-Hieracium murorum; Gallut-Galeobdolon luteum; Asaeur-Asarum
europaeum; Aspodo-Asperula odorata; Samnig-Sambucus nigra; Galrot-Galium rotundifolium; Fagmoe-Fagus moesiaca;
Polacu-Polystichum aculeatum; Fesdry-Festuca drymeia; Rushyp-Ruscus hypoglossum; Abialb-Abies alba; Rubhir-Rubus
hirtus; Evolat-Evonymus latifolius; Prepur-Prenanthes purpurea; Merper-Mercurialis perennis; Ulmgla-Ulmus glabra;
Fraexc-Fraxinus excelsior; Acehel-Acer heldreichii; Sorauc-Sorbus aucuparia; Arusyl-Aruncus sylvestris; Genasc-Gentiana
asclepiadea (abbreviation after a species name denotes A- tree layer, B ± shrub layer, C-ground flora layer).
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FIGURE 2
The spectrum of floral elements and the spectrum of life forms in beech and fir forests on Mt. Jastrebac
and Mt. Suvobor
TABLE 2
Diversity index (Shannon Wiener index) and evenness index (Evenness index) in the beech and fir forest
on Mt. Jastrebac and Mt. Suvobor
Locality
Jastrebac
Suvobor

Shannon Wiener index
1.86
1.55

Balkans. This type of forest, together with the
beech-fir-spruce
community
(Picea-AbietiFagetum), represents the major community of the
beech belt in the mountains of Serbia, Romania and
Bulgaria [20]. Beech and fir forests are located
between the cold oak belt and warm spruce belt.
Therefore, over time, a gradual penetration of
spruce occurred, forming a community dominated
by three species - beech, fir and spruce. The support
to this claim lies in the presence of a large number
of species, typical of spruce forests, being
registered in forests of beech and fir, including
Galium rotundifolium, Melampyrum silvaticum,
Sorbus aucuparia, Vaccinum myrtillus and others,
which were also found in beech and fir forests on
Mt. Suvobor and Mt. Jastrebac. Such position of the
beech and fir belt enabled the survival of many
species during the glacial period [20], representing
DNLQGRID³UHIXJHH´DUHD7KHSURRIIRUWKLVFODLP
lies in the presence of Balkan maple (Acer
heldreichii), an endemic species of the Balkan
Peninsula and a tertiary relict, on Mt. Jastrebac. The
most developed belt of beech and fir forests in
Serbia is located on Mt. Goc, and it was described

Indices of diversity and evenness. The index
of diversity (Shannon Wiener index) exhibits a
higher value for the beech and fir forest on Mt.
Jastrebac than on Mt. Suvobor (Table 2), which was
expected because the beech and fir forests on Mt.
Jastrebac have greater number of species per
phytocoenological relevé compared to the beech
and fir forests on Mt. Suvobor. The index of ground
flora evenness (Evenness index) also shows higher
value in the beech and fir forest on Mt. Jastrebac
than on Mt. Suvobor (Table 2), indicating that plant
species on Mt. Jastrebac have more uniform spatial
distribution. The species that reduce this index are
the ones with a significant number and coverage in
certain number of relevés. On Mt. Jastrebac, these
are primarily Rubus hirtus and Asperula odorata,
and on Mt. Suvobor Festuca drymeia, Rubus hirtus
and Aruncus sylvestris. In both sites there is a
significant share of blackberry (Rubus hirtus),
which is an obstacle to the regeneration of natural
beech and fir forests in studied sites.
Forests of beech and fir make a climateregional vegetation belt at altitudes ranging from
700-800 m to 1700-1800 m across the Western



Evenness index
0.69
0.59
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Suvobor showed significant differences between
the study stands. The CA analysis revealed
grouping of the phytocoenological relevés. The
stands of beech and fir on Mt. Suvobor are grouped
in the lower right corner of the coordinate system,
while the stands on Mt. Jastrebac are clearly
separated and show greater dissipation around the
axes, being an indicator of a more heterogeneous
floristic composition. The species identified within
the stands of beech and fir on Mt. Jastrebac are
Asperula odorata, Asarum europaeum, Mercurialis
perennis and others, and on Mt. Suvobor Fagus
moesiaca, Abies alba, Festuca drymeia and Sorbus
aucuparia. The Jaccard index of similarity of the
study stands is 0.2, indicating very little similarity.
The Shannon Wiener's diversity index shows a
higher value in the stands on Mt. Jastrebac. The
index of ground flora evenness (Evenness index)
also has a higher value in the beech and fir forest on
Mt. Jastrebac, showing that plant species in that site
have a more regular spatial arrangement. The
species that reduce this index on Mt. Jastrebac are
primarily Rubus hirtus and Asperula odorata, and
on Mt. Suvobor Festuca drymeia, Rubus hirtus and
Aruncus sylvestris. Species of the Central European
areal type are more prevalent on Mt. Jastrebac than
on Mt. Suvobor, indicating a more mesophilic
character of the Mt. Jastrebac stands. On the other
hand, the stands of beech and fir on Mt. Suvobor
contain
more
xerophyle
species
of
submediterranean areal types in their composition,
which is a proof of their greater xerophylity. The
spectrum of life forms on Mt. Suvobor is
characterized by a greater prevalence of
chamaephytes and therophytes than on Mt.
Jastrebac, which is another proof of a more
xerophyle character of the beech and fir stands on
Mt. Suvobor in comparison to the Mt. Jastrebac
stands.

in detail by [21]. This author singled out 4 subassociations on Mt. Goc, including galietosum,
polypodietosum, drymetosum and myrtilletosum.
Complex floristic compositions of beech and fir
stands on Mt. Goc result from a complex relief,
different parent rocks (serpentinite, granodiorites,
silicates) and a large altitudinal range in which this
community occurs. Hence, it is not surprising that
there is a great diversity in floristic compositions of
investigated beech and fir stands, which are divided
into two phytocenoses - Polypodio-Fagetum
moesiacae % -RYDQRYLü    V\Q AbietiFagetum moesiacae B. Jovanovic 1959) and
Epimedio alpini-Abietetum (B. Jovanovic 79)
Tomic 2006 (syn. Abieti-Fagetum serpentinicum
epimedietosum B. Jovanovic 1979). When the area
of research is concerned, stands on Mt. Jastrebac
belong to the former community, while the stands
on Mt. Suvobor belong to the latter.
The beech and fir forest on Mt. Jastrebac
mainly occupies sheltered exposures, with an
alternating dominance of one or the other edificator.
Site conditions on Mt. Jastrebac are advantageous
to the development of beech and fir forests, because
of very humid conditions and a number of streams
and rivers creating a favorable environment for the
development of mesophilic species. Three subassociations were identified within the community
[3],
including
typicum,
aceretosum
and
drymetosum. The beech and fir forest on Mt.
Suvobor also occupies sheltered exposures, but on
steeper slopes compared to ones on Mt. Jastrebac,
which creates less favorable site conditions. In the
area of Mt. Suvobor [12] the dominant species in
ground flora story is Festuca drymeia, which is an
indicator of more skeletal soils, i.e. slightly worse
site conditions. This species was designated as
dominant within beech and fir forests on
serpentinites of Bosnia and Serbia [22]. Based on
the above, it can be concluded that the ecological
and production potential of soils in beech and fir
stands on serpentinite is lower than in stands on
other parent rocks.
When beech and fir stands on granodiorite
(Jastrebac) are compared to the ones on serpentinite
(Suvobor), it can be concluded that the stands on
serpentinite have poorer floristic composition. This
was not the case only for beech and fir forests, as it
had already been observed that the serpentinite
parent rock had less diverse and poorer floristic
composition compared to other parent rocks [23].
Soils formed on serpentinite are unfavorable for
most plants and constitute a stressful environment
for their growth [24].
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WATER TRANSFER, DESALINATION, AND PURIFICATION
AS WATER SHORTAGE STRATEGIES: CHINA IN 2025
Dan-Ling Zhao, Ya-Jie Dou*
College of Information Systems and Management, National University of Defense Technology, 410073 Changsha, China

[2]. However, growing numbers of people in the
coastal provinces is increasing the pressure on water
resources. According to international criteria, less
than 1,000 m3 of water per capita denotes a serious
shortage, while less than 500 m3 per capita denotes
an extreme shortage. Sixteen provinces in China
have a serious water shortage, while a further six
have an extreme shortage [4]. Note that we consider
31 provinces in China, excluding Taiwan, Hong
Kong, and Macao.
Over the past few decades, numerous studies
have examined using technology to cope with the
water shortage problem, such as building dams,
recharging groundwater, cloud seeding, purification,
desalination, water transfer projects, and so on.
Purification removes contaminants and recycles
purified water. There are six purification methods:
adsorption, biotechnology, catalytic processes,
membrane processes, ionizing radiation processes,
and magnetically assisted processes [5]. Another
important strategy is desalination [6], which
removes the excess salt and other minerals from
seawater to convert it to fresh water. Water transfer
delivers water from one region to another, and is
regarded as an ambitious approach to resolving
water shortages [7].
Although there are numerous measures to
resolve water shortages, few studies have investigate
optimal schemes from an economic viewpoint by
considering
three
strategies:
purification,
desalination, and water transfer. Thus, predicting the
future supply and demand of water and designing an
optimal, lowest-cost strategy is important to
developing resource schemes.
This study conducts a comprehensive analysis
of three strategies in response to the water shortage
problem, and examines China in 2025 as a case study.
The grey forecasting model [8,9], which is used to
predict the water supply and demand in 2025, is
constructed first. Then, three strategies are analyzed
as possible solutions to the water shortage problem.
Next, the analytical hierarchy principle (AHP)
method [10,11] is adopted to determine the optimal
strategy, based on three evaluation criteria (economy,
physics, and environment), from which an optimal
water strategy is constructed. Finally, conclusions
are drawn in order to aid decision-makers.

ABSTRACT
This study presents an improved grey
forecasting model to predict water supply and
demand as the basis for water strategy analyses.
Three water strategies are introduced: purification,
desalination, and water transfer. Then, an optimal
strategy model based on the analytical hierarchy
principle is constructed. China is examined as a case
study on how to alleviate water shortages,
considering the impact of three factors: economy,
physics, and the environment in 2025. The results
show that purification is cost-efficient and
ecologically friendly, but produces a limited quantity
of water. Hence, water transfer is considered the
most important strategy to satisfy the need in regions
where water is scarce. Most water will be transferred
from south to north, in accordance with the Southto-North Water Transfer Project. Desalination is
costly, with salt water needing to be extracted from
the sea. However, as water processing technology
develops, the cost of water strategies will decrease
significantly.

KEYWORDS:
water prediction, grey forecasting model, water strategy

INTRODUCTION
Water is one of the essential elements in socioeconomic development [1]. An adequate supply of
fresh water is critical to the health, economy, and
environment of any country [2]. Unfortunately, with
the development of society, water shortages have
become a serious problem [3]. Malin Falkenmark, an
expert at the Stockholm International Water Institute,
pointed that more than 3 billion people will face
water shortages in Africa and Asia by 2025. At the
VDPHWLPHRYHUKDOIRIWKHZRUOG¶VSRSXODWLRQZLOO
face starvation owing to a lack of fresh water.
:LWK WKH ZRUOG¶V WKLUG-largest area, China
suffers from uneven spatial and temporal
distributions of water resources. The annual
precipitation
decreases
from
more
than
1,600 mm/year in the coastal provinces of the
southeast to less than 50 mm/year in the northwest
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MATERIALS AND METHODS
Data. All data in the grey forecasting model are
taken from the National Bureau of Statistics of the
3HRSOH¶V5HSXEOLFRI&KLQD+HUHZHXVHGDWDRQWKH
water supply and demand for 31 provinces from
2004 to 2015.
Water prediction based on grey forecasting
model. The GM (1,1) model is widely used in data
prediction [12-14]. However, while it is accurate for
short-term predictions, the accuracy decreases when
applied to long-term predictions. Hence, we replace
the oldest data with the latest data obtained from the
GM (1,1) model. Thus, we predict the data
incrementally. Using this improved GM (1,1) model,
we obtain the latest data and improve the accuracy
of the predictions.
Let

X (1) (k  1) .
Then, we use regression to return to obtain the
original value:


k

X (1) (k )

¦X

(0)



Three water strategy cost models. (1) Water
desalination cost model. In general, the cost of
water desalination should contain five parts: the cost
of the water resources, engineering costs,
environmental costs, taxes, and profit [15]. In China,
taxes and the cost of sea water are zero, and so we
have three parts to the overall cost. Thus, the cost of
desalination water per ݉ଷ is:
cd c1  c2  c3 ,
where
3
cd : the cost of desalination for per m

(a, u )7 ( B 7 B) 1 B 7YN ,
where

c1 : the cost of engineering for per m

3

c2 : the cost of environment for per m3



0,1, , n

X (0) (1) X (0) (0) .
We use equations (2) and (3) to predict the data.

Here, X (0) (k ) represents the amount of water
in a province in year k.
In addition, X (1) { X (1) (k ) | k 1, 2, , n} .
Thus, the GM (1,1) model is
dX (1)
 aX (1) u ,
(1)
dt
where:
a represents the developed coefficient.
u represents the control coefficient inside the model.
Using the least squares method, we obtain the
parameter vector




X (1) (k  1)  X (1) (k ) , for k
(3)
In this model,



(i ) .

i 1

a



X (0) (k  1)
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3

cP represents the total cost of purification.

c3 : the profit of per m
(2) Water purification cost model. As
LQGXVWU\KDVGHYHORSHGDQGFLWL]HQV¶OLYLQJVWDQGDUGV
have improved, more polluted water is being
released [16]. Adopting standard A of water, the cost
of purifying 1 ଷ is 1 yuan.
Because the amount of polluted water and the
purification capacity of a province are related to its
development, we examine Beijing as an example.
According to the government, the amount of
polluted water that can be purified is 60% of the
overall demand for water:
N p0 60%  N D ,

k represents the percentage of economic input of a
province, which is decided by the industrial structure
ム 0.005 d k d 0.007 メ.
n represents the years from 2015 to 2025.
We use Beijing as the basis against which to
measure the other provinces. Next, we apply the
same method, but change the value of k based on the
relationship between the GDP of Beijing and that of
the other provinces.
ki '

where:
ki ' : the percentage of economic input of province i.

where N p0 represents the total amount of

Gi : the GDP of province i.
G0 : the GDP of Beijing.

polluted water and N D represents the amount of used
water.
In addition, the GDP in Beijing is increasing by
 % per year, and we add a technological factor that
is proportional to the economy input. According to
the updated statistics, we know that the economic
input of water purification constitutes 0.005 of the
total GDP of Beijing. In China, the range of
development of the tertiary industry is between 43.1%
and 60%.
Therefore,
0.005 d k d 0.007 ( kmax kmin *60% / 43.1% ),
Where k represents the ratio of economic input
and the total income of Beijing.
The amount of purified water will increase as
the economy and technology develop, while the cost
of purification will decrease.
Therefore, we have
NP
cP

k *(Gi / G0 )

(3) Water transfer cost model. There are 10
river basins in China. However, because Liaohe is
close to Haihe, we consider the Liaohe River Basin
and the Haihe River basin as one basin. We divide
the 31 provinces into nine parts according to the river
basins (see Figure 2) [17].
Obviously, the unit cost of water transfer is
affected by the terrain and the altitude. For example,
it is easy to transport water on a plain, but more
difficult to transport water from a plain to a mountain.
Hence, the unit cost of transferring 1 ݉ଷ of water
varies.
In order to solve this problem, we introduce a
factor parameter ݂ , reflecting the transfer difficulty.
Here, we mainly consider the altitude difference and
the terrain, based on the division of three large
ladders in China. In addition, we include water
consumption during the transfer from evaporation
and leaks, which are directly proportional to the solar
intensity and the transfer distance, respectively.

60%  N P0 [1  k  (1  10%) n ]n
1  N P0 [1  k  (1  10%) n ]n ,

where:
N P represents the amount of purified water.

FIGURE 2
Nine river basins in China
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Comprehensive Object Layer
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Criterion Layer
Economy

Physics

Environment

M
Method
Layer

    



 

 

FIGURE 3
The analytic hierarchy process framework

Thus, we have:

obtain an evaluating vector
WT WC x wG
Using the relative importance of the economy,
physics, and environment criteria, we obtain the
degree of preference among the three strategies:
purification, desalination, and water transfer.

fij  m

'

m ij

where:
݂ : the influence parameter of water transfer
from river basin i to j.
m: the unit cost of transfer between plains in the
third ladder.
ᇱ
: the unit cost of transfer per meter from
݉
river basin i to j.

(2) The optimization schedule model. In this
model, we assume that provinces in the same river
basin are treated as a single area. More specifically,
we assume that water is shared between these
provinces without cost.
Next, we employ the linear programming
model to obtain the optimal schedule strategy.
Let
+
N
^'Ni | 'Ni t 0, i 1, 2, , n`

The integrated optimization schedule model.
(1) Comprehensive evaluation model based on
AHP. The evaluation of the water resource system is
a multi-objective decision-making process.
Therefore, we take the economic, physical, and
environmental implications as evaluation criteria,
which help to adopt suitable measures.
The AHP is an approach to multi-objective
decision-making [1]. The hierarchy chart is shown in
Figure 3.
First, we construct a comparison matrix(A)
based on the importance between all pairs of factors.
A

I+
N
I

Next, we calculate the sum of each row of
matrix A.

min

¦a ,i

1,2, , n

ij

After standardizing, we have
n

¦a

ij

j 1
n
n

¦¦ akj

, i 1, 2,

,n

k 1 j 1

n

, n`

n

n

i 1

i 1

mij rij N tij  ¦ c ip N ip  ¦ cdi N di
j
d

ij
t

amount from river basin i to j.

criterion layer and the method layer. Finally, we



, n`

of water desalinization, c ip and N ip are the unit cost
and amount of water purification in i river basin.
mij , rij , N tij represent the unit cost, distance and

between the object layer and the criterion layer.
Similarly, we have n weighting vectors
WC ( wC , wC , , wC ) between each factor of the
2

1, 2,

Where cdi and N di are the unit cost and amount

Then, we have a weighting vector ( wG )

1

, n`

 S j +N  N  N t D j
°
N , N dj , N tij t 0
°
°
ij

® ¦ N t d 'N i , i  I

j
I

°
°
N tij t 'N j , j  I 
°̄ i¦
I 
j
p
j
p

j 1

wi

¦

iI  , jI 

n

wi

^i | 'Ni t 0, i 1, 2,
^|'Ni | | 'Ni  0, i
^i | 'Ni  0, i 1, 2,

where 'N is the difference between the water
supply and water demand.
The
optimal
model
is:

(aij )nun
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is desert and the climate conditions are severe, with
little rainfall [18]. Water evaporates at a high rate
because of the high altitude and solar radiation. In
contrast, Hunan has 5314 rivers and is located in
temperate regions, so the amount of precipitation is
large [19]. Chongqing, a typical province in the
inland, has a water supply close to the water demand,
and so is relatively self-sufficient.
Qinghai, the cradle of the Yellow River, has
abundant water resources and will contain a
predicted 13 billion tons of water by 2025. However,
other provinces in the middle or lower reaches of the
River, such as Gansu, Shanxi, and Shandong are
always short of water. One of the reasons is the
decreasing quantity of water at the water sources
owing to global warming and ecological
deterioration. Another reason is that the pace of
water pollution is faster than that of water treatment.
Therefore, the situation around the Yellow river will
become increasingly serious by 2025, unless
efficient measures are put in place.
Along the Yangtze River, the provinces in the
upper and middle river have abundant fresh water,
but their supply shows a downward trend. One of the
reasons for this is the reduction in average
precipitation. Another is that more people are
moving to the provinces along the Yangtze River and,
thus, development is relatively fast. Similarly,
Jiangsu, the province in the lower reaches of the river,
constantly lacks water because of a large discharge
of wastewater. In 2025, Jiangsu will be short of 47
billion tons water, which is 15 times that of Beijing.

RESULTS AND DISCUSSION
The water demand and supply in 2025.
Based on the statistics published by the government,
we obtain the total water resources and consumption
for each province. The location of each province is
shown in Figure 4.
Next, we use data for the most recent 12 years
(2004±2015) and the grey forecasting model to
predict the total water resources. Because the water
in a province cannot be used completely owing to the
utilization capability, which is related to the
development of economy, we combine the water
supply and the utilization ratio to get the effective
supply. Finally, we combine the demand data and
supply data to determine the relationship between
demand and supply (see Table 1; unit:100
millioncu.m).
Table 1 shows that 17 provinces will be short
of water by 2025, and is likely to be more severe
because of industrial development and population
growth. Hence, particular attention should be paid to
the water shortage problem in these 17 provinces.
In order to discuss the water resources situation
further, we examine the provinces of Xinjiang,
Hunan and Chongqing.
It is clear that Xinjiang will have a serious
water shortage, but that Hunan will not. As shown in
the Figure 5, the red line, which represents the
demand for water in Xinjiang, shows a stable upward
trend, while the blue line, which represents the water
supply, shows negligible change. Most of Xinjiang
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FIGURE 4
31 provinces in China
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TABLE 1
The difference of supply-demand relationship
Province

Water Supply

Utilization Ratio

Effective Supply

Water Demand

Beijing
Tianjin
Hebei
Shanxi
Inner Mongolia
Liaoning
Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Hainan
Chongqing
Sichuan
Guizhou
Yunnan
Tibet
Shanxi
Gansu
Qinghai
Ningxia
Xinjiang

23.86
12.79
140.80
99.16
410.48
304.92
393.57
708.62
29.20
427.15
887.81
728.15
1097.96
1387.42
345.76
445.86
959.41
1593.60
1720.16
1714.90
349.45
523.81
2416.57
915.96
1881.34
4437.43
428.84
217.34
708.40
9.70
902.66

37.18%
35.93%
30.15%
31.22%
18.97%
25.02%
26.68%
24.77%
35.03%
34.86%
35.99%
33.86%
34.12%
32.09%
34.60%
29.87%
32.85%
31.65%
33.09%
28.97%
30.33%
33.54%
34.81%
29.05%
31.99%
17.80%
18.32%
19.03%
22.76%
17.93%
19.74%

8.87
4.59
42.45
30.96
77.87
76.29
105.01
175.52
10.23
148.91
319.52
246.55
374.62
445.22
119.63
133.18
315.16
504.37
569.20
496.81
105.99
175.68
841.21
266.09
601.84
789.86
78.56
41.36
161.23
1.74
178.18

37.31
22.76
179.93
78.26
201.51
172.40
180.82
508.02
143.69
619.15
189.73
628.14
249.05
351.28
238.54
294.30
405.74
320.73
481.78
302.82
42.03
145.17
273.04
115.34
155.39
44.49
99.64
119.92
30.66
64.23
619.22

 # #



 



  
 

FIGURE 5
Three typical supply and demand water relationships
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Supply-Demand
Difference
-28.44
-18.16
-137.47
-47.30
-123.64
-96.11
-75.81
-332.50
-133.46
-470.24
129.79
-381.59
125.57
93.95
-118.91
-161.12
-90.57
183.64
87.42
193.99
63.96
30.52
568.17
150.75
446.45
745.37
-21.08
-78.56
130.57
-62.49
-441.03
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FIGURE 6
The supply and demand of water along the Yellow River
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FIGURE 7
The supply and demand of water along Yangtze River
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FIGURE 8
The supply and demand of water along the coast



5883

Volume 25 ± No. 12a/2016, pages 5877-5888

© by PSP

Fresenius Environmental Bulletin


TABLE 2
The cost of water de-salinization in China.
Project Name
Huangdao power plant low temperature failure
Guohua Cangdong power plant low temperature failure
Huangdao power plant reverse osmosis
Rongcheng city 5000ଷ reverse osmosis
Huaneng 2000ଷ reverse osmosis
Dalian Petrochemical Company reverse osmosis

Engineering Cost
6.23
4.72
4.41
3.9
5.93
6.43

Profit
1.56
0.996
0.76
0.46
0.71
1.0

Total Cost
7.79
5.72
5.17
4.36
6.6
7.43

TABLE 3
The detail statistic of each province
Province

k

Dirty Water

Recycle Water

Beijing
Tianjin
Hebei
Shanxi
Inner Mongolia
Liaoning
Jilin
Heilongjiang
Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Hainan
Chongqing
Sichuan
Guizhou
Yunnan
Tibet
Shanxi
Gansu
Qinghai
Ningxia
Xinjiang

0.005
0.0048
0.0041
0.0042
0.0026
0.0034
0.0036
0.0033
0.0047
0.0047
0.0048
0.0046
0.0046
0.0043
0.0047
0.004
0.0044
0.0043
0.0044
0.0039
0.0041
0.0045
0.0047
0.0039
0.0043
0.0024
0.0025
0.0026
0.0031
0.0024
0.0027

5.32
2.66
20.66
15.60
23.84
30.80
45.21
70.16
5.78
83.77
185.58
134.72
206.27
230.56
66.80
64.20
167.08
257.61
303.95
232.26
51.88
95.09
472.55
124.74
310.70
226.89
23.23
12.70
59.22
0.50
56.76

3.99
1.98
14.85
11.28
16.03
21.48
31.83
48.84
4.28
61.93
138.11
99.00
151.82
167.66
49.31
46.07
122.05
186.84
222.35
165.79
37.33
69.75
349.23
89.08
225.80
151.51
15.56
8.54
40.73
0.34
38.35

Along the coastline, the southern provinces can
be self-sufficient. However, the northern provinces
suffer from water shortages, and this will worsen
over time. Guangdong and Fujian have adequate
rainfall. The supply of water demonstrates an
increasing tendency because many water-processing
policies have been implemented and fresh water is
SULFHG WR LQFUHDVH FLWL]HQV¶ DZDUHQHVV RI ZDWHU
protection. With regard to Shandong, the water outlet
of the Yellow River, water is scarce because of
swiftly decreasing headwaters and ecological
damage.

Total Cost
(0.1 billion yuan)
4.24
2.14
17.20
12.90
21.25
26.46
38.45
60.37
4.67
67.76
149.07
109.64
167.61
189.69
54.12
53.54
136.82
212.52
248.54
194.77
43.14
77.54
382.35
104.56
255.77
203.69
20.79
11.32
51.58
0.45
50.36

(2) The cost of water purification. Adopting
the aforementioned model and the GDP data for each
province, we can obtain the amount of recycled
water and estimate the cost of purification. The detail
statistics are provided in Table 3.
Based on these results, we can analyze the
influence of water purification further.
As shown in Figure 9, although 14 provinces
will beat full water capacity, water purification will
significantly increase their fresh water resources.
Some provinces are only just self-sufficient, such as
Chongqing. In these cases, purification is an
important strategy to provide water reserves, and can
LPSURYHWKHSURYLQFH¶VDELOLW\WRDGMXVWWRLWVQHHGV
After considering purification, 17 provinces
will still be short of water. In Figure 10, the influence
of purification differs by province. In Beijing,
Tianjin, and Shanghai, the quantity of fresh water
recycled by purification is negligible because they
have little water available for processing. In other
provinces that lack fresh water, purification can
partly meet their needs, but additional water
strategies must also be considered.

The cost of water strategies. (1) The cost of
water desalination. We can obtain the cost of
desalination in several major enterprises [20], which
is shown in Table 2. The unit is yuan per ton.
Studies have not found evidence of
environmental damage as a result of water
desalination. Thus, the environmental cost is zero.
Therefore, under the current technology, we take the
average cost as ܿௗ :
cd 6.18



Supply-Demand
Difference
-24.45
-16.18
-122.63
-36.02
-107.61
-74.63
-43.98
-283.66
-129.19
-408.32
267.91
-282.58
277.39
261.61
-69.60
-115.05
31.47
370.49
309.77
359.77
101.29
100.26
917.40
239.83
672.24
896.88
-5.52
-70.02
171.31
-62.15
-402.69
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FIGURE 9
The influence of water purification in water-rich
provinces

FIGURE 10
The influence of water purification in water
deficient provinces
ª 74.5
«67.05
«
«67.05
«
«81.95
'
[m ij ] «52.15
«
«52.15
«52.15
«
« 29.8
« 29.8
¬

In conclusion, the water supply from
purification is cost-effective, but the amount is
limited because of technology and development
constraints. Hence, this method needs to be
combined with other measures in order to solve
water shortage problems.
(3) The cost of water transfer. The costs of
water transfer include operating charges and
building infrastructure such as dams, tunnels, and
channels. For example, we can estimate the cost of
water transfer for the West Transfer Project [21] in
2025, as follows:

The Integrated optimization schedule (1)
Evaluating the water strategies based on AHP.
We can use three criteria to evaluate the water
strategies: economy, physics, and environment. The
economic impact refers to the economic expenditure
of the project. The physical impact refers to the
degree to which water demand is satisfied, and the
environmental impact refers to the influence on the
ecological environment.
We assume that people place the weighting
values in Table 4 on these criteria. Then, we adopt
the weighting values in Table 5, 6 and 7.
Next, we use the AHP method to obtain the
final weightings, as shown in Table 8.
As a result, in order to meet our need and get a
best comprehensive benefit, we rank purification
first, transfer second and desalination last to solve
the water shortage problem.

(㻃10000 per 10 m  km )
According to the different altitudes between the
ladders and the direction of water transfer, we obtain
8

M 74.5

the matrix

[ f ij ]

ª 1
« 0.9
«
« 0.9
«
«1.1
«0.7
«
«0.7
«0.7
«
« 0.4
«
¬ 0.4

3

f ij :
1.1 1.1 0.9 1.3 1.3 1.3 1.6 1.6 º
1 0.9 0.9 1.3 1.3 1.3 1.6 1.6 »»
1.1 1 0.9 1.3 1.3 1.3 1.6 1.6 »
»
1.1 1.1 1 1.3 1.3 1.3 1.6 1.6 »
0.7 0.7 0.7 1 0.9 1.1 1.3 1.3 »
»
0.7 0.7 0.7 1.1 1 1.1 1.3 1.3 »
0.7 0.7 0.7 0.9 0.9 1 1.3 1.3 »
»
0.4 0.4 0.4 0.7 0.7 0.7 1 0.9 »
»
0.4 0.4 0.4 0.7 0.7 0.7 1.1 1 ¼

We combine [ fij ] and

M

TABLE 4
The weighing value

'

to obtain [m ij ] :
Effect of
water
strategy



81.95 81.95 67.05 96.85 96.85 96.85 119.2 119.2 º
74.5 67.05 67.05 96.85 96.85 96.85 119.2 119.2 »»
81.95 74.5 67.05 96.85 96.85 96.85 119.2 119.2 »
»
81.95 81.95 74.5 96.85 96.85 96.85 119.2 119.2 »
52.15 52.15 52.15 74.5 67.05 81.95 96.85 96.85»
»
52.15 52.15 52.15 81.95 74.5 81.95 96.85 96.85»
52.15 52.15 52.15 67.05 67.05 74.5 96.85 96.85»
»
29.8 29.8 29.8 52.15 52.15 52.15 74.5 67.05»
29.8 29.8 29.8 52.15 52.15 52.15 81.95 74.5 »¼

Economy

Physics

Economy

1

1/3

1/3

0.270

Physics
Environment

3/1
3/1

1
1/1

1/1
1

0.377
0.353
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(2) The optimal strategy analysis. After
considering the water supplied by purification, we
obtain the following supply±demand relationships
for the nine river basins.
According to the predictions, four river basins
will have adequate water, and five will be short of
water in 2025. According to Figure 11, we have:

TABLE 5
The weighing value of economy
Economy

Transfer

Transfer

1

Desalinization
1/3

Purification
1/5

Weighing
0.236

Desalinization

3/1

1

1

0.237

Purification

5/1

1

1

0.527

N+

TABLE 6
The weighing value of physics

N

Physics

Transfer

Desalinization

Purification

Transfer

1

1

5

0.4762

Desalinization

1

1

3

0.2793

1/5

1/3

1

0.2445

Purification

TABLE 7
The weighing value of environment
Transfer

Desalinization

Purification

Weighing

Transfer
Desalinization

1
3

1/3
1

1/5
1/3

0.1981
0.2263

Purification

5

3

1

0.5756

TABLE 8
The weighing value of water strategies
Measure

Weighing

Transfer
Desalinization
Purification



{328,307,806,174,339} I

0.3134
0.2491
0.4375

The Difference of Supply and Demand in 9 River Basins

 
 




 
  






 



 



Province full of water


Province short of water

FIGURE 11
The supply-demand relationship in the nine river basins



{4, 6, 7,9}


{1, 2,3,5,8}

Using Google Maps, we can approximate
calculate the distance between each pair of river
basins. The results appear in Table 9.
Then, we use the program LINGO to determine
the optimal solution. We find that the minimal
objective value is 2,203 billion yuan. The amount of
water transferred from each basin is shown in Figure
12.
In conclusion, the optimal strategy is as follows:
transfer 33.9 billion tons of water from Basin I to
Basin H;41.6 billion tons of water from Basin D to
Basin C; 39 billion tons of water from Basin F to
Basin C; 32.8 billion tons of water from Basin F to
Basin A; 30.7 billion tons of water from Basin F to
Basin B; and 17.4 billion tons of water from Basin F
to Basin E. Our analysis shows that there is adequate
fresh water in the southeast of China, but a scarcity
in the northeast and northwest. According to Figure
11, Basin F is a primary exporter of water, which is
in accordance with the South-to-North Water
Transfer Project in China. Hence, this project will
continue to be meaningful.

Weighing

Environment

{416,1921, 771,1569} I +
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TABLE 9
The distance between river basins
Distance(km)
Basin A
Basin B
Basin C
Basin D
Basin E
Basin F
Basin G
Basin H
Basin I

Basin A
3030
3136
2838
5082
6123
6269
1098
1010

Basin B

Basin C

Basin D

Basin E

Basin F

Basin G

Basin H

Basin I

3030

3136
521

2838
1613
1187

5082
2052
2064
3073

6123
3099
3031
3893
1082

6269
3322
3132
3789
1549
776

1098
8007
8074
9030
6010
5145
5443

1010
7076
7072
7938
5029
4056
4224
1414

521
1613
2052
3099
3322
8007
7076

1187
2064
3031
3132
8074
7072

3073
3893
3789
9030
7938

1082
1549
6010
5029

776
5145
4056

5443
4224

1414

FIGURE 12
The water transfer routes in the nine river basins

predict the water supply and demand in 2025, which
we then used as a basis for water strategy analyses.
Furthermore, three water strategies were introduced:
purification, desalination, and water transfer. Then,
we determined an optimal strategy based on AHP.
We examined the case of water shortages in China,
considering the impacts of the three factors:
economy, physics, and environment. The results
show that purification is cost-efficient and
ecologically friendly, but is limited in how much
water it can produce. Hence, water transfer is
considered an important strategy to satisfy the need
regions with scarce water. We show that most water
will be transferred from south to north, in accordance
with the South-to-North Water Transfer Project.
Desalination is costly and the salt-water resource
must be extracted from the sea. As environmental
pollution and global warming become serious, water
shortages will become more prominent. To resolve
these problems, existing water processing levels are
not sufficient. Hence, major technological
innovation in water resource supply should emerge.

(3) Suggestions. To meet the projected need of
fresh water in 2025, effective and efficient water
strategies are necessary. The strategy conducted
from 2015 must contain the following three solutions:
(1) Advance the technology for the efficient use
of water and for purification systems to recycle and
reuse water resources in all areas. This is particularly
the case in the west area where there is little rainfall.
(2) Use water desalination in the eastern and
northeastern coastal areas to help resolve local water
shortages.
(3) Use the South-to-North Water Transfer
Project to respond to water shortage problems.

CONCLUSION
With the rapid development of the economy
and the increase in the population, the demand for
water is increasing drastically. However, water
resources are limited and severe water pollution
aggravates this problem. In this study, we presented
an improved grey forecasting model in order to
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PROTEIN CARBONYLS AS BIOMARKERS OF OXIDATIVE
STRESS INDUCED BY CADMIUM IN DONAX TRUNCULUS:
GONAD CONTENTS DURING EXPOSURE AND RECOVERY
Isma Merad, Yousra Bairi, Karima Sifi, Nouredine Soltani*
Laboratory of Applied Animal Biology,Department of Biology, Faculty of Sciences, University Badji-Mokhtar of Annaba
23000-Annaba, Algeria

and non-biodegradable properties. Their excessive
contamination of aquatic ecosystems has caused
major environmental and health concerns worldwide
[2]. Cadmium (Cd), a toxic and nonessential
element, is frequently used in electroplating,
pigments, paints, welding, and batteries, which
results in both biotic and abiotic environments [3, 4].
Cd has been found to produce wide ranges of
biochemical and physiological dysfunctions in
humans and laboratory animals [5] and is toxic at
low concentration for aquatic organisms, due to the
bioavailability of its free ionic form [6].
The effects induced by Cd have been well
documented specially in bivalve mollusks; it can
inhibit ADP-stimulated respiration [7], or decreased
the condition index and depressed growth [8]. This
metal presented an embryotoxic and neurotxic
activity and induced an oxidative stress [9, 10].
Lastly, it can interfere with the reproduction [11, 12]
via a modification of the biochemical composition of
gonads [13].The gulf of Annaba, the most important
touristic and economic coastal zone located in
Northeast Algeria, is contaminated by several
pollutants from urban, agricultural, harbor and
industrial activities [14, 15]. Elevated levels of heavy
metals (Cu, Zn, Pb, Cd) were detected in a locally
prevalent edible mollusk Donax trunculus [15]. This
species has been widely used as a sentinel species for
the assessment of marine pollution [16-19] through
the direct measurement of several biomarkers, such
as malondialdehyde (MDA), lactate dehydrogenase
(LDH), acetylcholinesterase (AChE), glutathione Stransferase (GST), and catalase (CAT) [20].
Induction of protein carbonyls (PC) are widely
used as a biomarker of exposure to anthropogenic
contaminants [21]. For environmental risk
assessment, a comprehensive understanding on
adaptation and/or a recovery is important [22].
Therefore, the present study was carried out to test
the impact of cadmium applied at two sub-lethal
concentrations (LC10 and LC25- 96h) on protein
carbonyls used as biomarkers of oxidative stress in
the gonads of this edible species D. trunculus. The
protein carbonyl contents were determined in male
and females during the reproductive period.The
ability of this Mollusk species to overcome the stress

ABSTRACT
Induction of protein carbonyls (PC) are widely
used as a biomarker of exposure to anthropogenic
contaminants. The aim of the present study was to
examine the sub-lethal effects of cadmium (LC10 and
LC25- 96h) on gonad protein carbonyl contents in
Donax trunculus L. (Mollusca, Bivalvia) males and
females during the reproduction period, and to
evaluate the recovery pattern of this Mollusk species.
The samples were collected at El Battah, a site far
from any source of pollution. The determination of
PC contents in gonads was carried out at different
times during the exposure (0, 48, and 96h) and the
depuration period (4 days). Data subjected to a
multivariate analysis of variance revealed significant
effects of concentration, time and sex during the
exposure period. The individuals exposed to the two
concentrations and then transferred to untreated
water, recovered their normal PC values after 2 day
for the LC10 and LC25, except for the highest
concentration of cadmium (LC25) in females. The
overall data indicated that protein carbonyls have
potential for use as biomakers of oxidative stress and
D. trunculus was able to overcome relatively rapidly
the stress induced by cadmium. In this species, the
males restore more rapidly their normal status than
the females. The difference in the responses
observed between the sex of this species are
discussed.

KEYWORDS:
Cadmium, Donax trunculus, Protein carbonyls, Exposure,
Recovery, Reproduction.

INTRODUCTION
Pollution of the aquatic ecosystems is a serious
and growing problem. Increasing number and
amount of industrial, agricultural and commercial
chemicals discharged into the aquatic environment
have led to various deleterious effects on the aquatic
organisms [1]. Heavy metals constitute a core group
of aquatic pollutants due to their bioaccumulation
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induced by this heavy metal was also evaluated.
Protein carbonyl assay. Individual gonad of 5
mollusks from control and treated series were used.
Protein carbonyls (PC) were determined following
the procedure of Levine [24]. The principle is based
on the derivatization of protein carbonyl groups with
2,4 dinitrophenylhydrazine (DNPH) leading to the
formation of stable dinitrophenyl (DNP) hydrazone
adducts,
which
can
be
detected
spectrophotometrically at 370 nm. Streptomycin
sulfate solution (1%) was added to precipitate any
extracted DNA that could react with DNPH.
Samples were prepared in lysis buffer (50 mM
phosphate buffer, pH 7.4). The soluble proteins (0.5
mL) were reacted with 10 mmol DNPH in 2 mol
hydrochloric acid for 1 h and mixed every 15 min at
room temperature, and precipitated with 20%
trichloroacetic acid (TCA), after centrifuged at
10,000 g at 4 °C for 5 min. The protein pellet was
washed three times with 1 mL ethanol: ethyl acetate
(1:1) resuspended in 6 M guanidine hydrochloride
and incubated at 37°C for 15 min. The samples were
centrifuged (10,000 g at 4 °C for 5 min) and the
supernatants removed for measurement of
absorbance at 370 nm using a molar extinction
coefficient for carbonyls (İ= 22,000 /mol/cm). The
levels of PC were expressed as nmol/mg protein.
Quantification of proteins was made by the
Coomassie Brilliant Blue G-250 dye-binding method
[25] with bovine serum albumin as a standard. The
absorbance was measured at 595 nm.

MATERIALS AND METHODS
Animal rearing. The experiments were carried
out in March, 2015. Adults of D. trunculus (shell
length 25±2 mm) were sampled at El-Battah beach
(36° 50' N - 7° 50' E) located about 30 km to the East
of Annaba (Northeast Algeria). This site is far from
any source of anthropogenic activities and is
subjected to an important hydrodynamic regime
(Fig. 1). Animals were transported in cold boxes to
the laboratory and sex was separated by macroscopic
inspection according to the color of gonads. The
rearing was conducted in aquariums containing
sandy bottom and sea water and equipped with air
pumps (Nirox X5). The animals were acclimatized
for at least 48h before exposure to cadmium [10].
During the exposure period, the physic-chemical
parameters of seawater were as follow:
temperature16.50 °C salinity 33.1 g /L, pH 8.89,
dissolved oxygen 1.60 mg/L during the exposure
period, and: temperature 15.50 °C, salinity 33.6 g /L,
pH 8.00, dissolved oxygen 1.36 mg/L during the
depuration period, respectively.
Sub-lethal cadmium exposure. According to
previous bioassay using cadmium (CdCl2, Sigma,
USA) on D. trunculus, the 96h-LC10 and LC25 (lethal
concentration inducing 10% and 25% mortality for
males and females, respectively) were found to be
1.15 (extreme values: 0.89-1.47) mg/L and 2.02
(1.57-2.58) mg/L for male, and 0.94 (0.74-1.18)
mg/L and 1.60 (1.26-2.01) mg/L for female [23].

Statistical analysis. All data have been
expressed as mean ± standard deviation (SD).
Statistical analyses were performed using MINITAB
Software (Version 16, Penn State College, PA,

FIGURE 1
Location of El Battah beach in the Annaba Bay.
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increase in protein carbonyls was observed in all
groups of treated males. There was a significant
difference between control and treated series (LC10)
at 48H (p= 0.44) and 96H (p= 0.48). The highest
gonad protein carbonyl levels were recorded at 48h
(4.25 ± 0.41nmol/mg protein) and 96h (4.79±0.52
nmol/mg protein) in LC25 treated series.
In gonads from D. trunculus females, Cd
caused a significant increase in protein carbonyl
levels at 48H only with the highest concentration (p=
0.002) and at 96H with the two tested concentrations
as compared to controls groups (controls vs LC10
series p= 0.005; controls vs LC25 series p= 0.002)
(Fig. 3). A three-way ANOVA indicated significant
effects of concentrations (F 2, 54= 40.31; p= 0.000),
exposure time (F 2, 54= 42.09; p= 0.001), sex (F 1, 54=
9.07; p= 0.004) and concentration x time interaction
(F 4, 54= 10.78; p= 0.001).

USA).Statistical differences among the means of
control and exposed (LC10 and LC25)were
GHWHUPLQHG XVLQJ 6WXGHQW¶V W-test. To identify
dose/time/sex relationships a three-way analysis of
variance (ANOVA) were performed. Statistical
significance was set at p< 0.05 level.

RESULTS
Effect of cadmium on protein carbonyls
during the exposure period. The impact of
sublethal Cd on the levels of protein carbonyls varied
as function treatment and sex. As shown in Figure
2,the levels of protein carbonyls recorded in control
males ranged between1.93-2.23 nmol mg-1 proteins
and these values does not change significantly (p=
0.81) during the exposure time (96 H). A significant

FIGURE2
Effect of cadmium on protein carbonyl contents (nmol/mg protein) in gonads from D. trunculus males
during the exposure period (mean ± SD, n= 4). For the same time of exposure, mean values followed by the
same letter are not significantly different (p> 0.05).

FIGURE 3
Effect of cadmium on protein carbonyl contents (nmol/mg protein) in gonads from D. trunculus females
during the exposure period (mean ± SD, n= 4). For the same time of exposure, mean values followed by the
same letter are not significantly different (p> 0.05).
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FIGURE 4
Effect of cadmium on protein carbonyl contents (nmol/mg protein) in gonads from D. trunculus males
during the depuration period (mean ± SD, n= 4). Mean values followed by the same letter are not
significantly different (p> 0.05).

FIGURE 5
Effect of cadmium on protein carbonyl contents (nmol/mg protein) in gonads from D. trunculus females
during the depuration period (m ± SD, n= 4). Mean values followed by the same letter are not significantly
different (p> 0.05).

revealed significant effects of concentration (F 2, 54=
28.58; p= 0.001), time (F 2, 54= 4.06; p= 0.023), and
sex (F 1, 54= 4.55; p= 0.037) was showed. The
interaction (concentrations x time) was also
significant (F 4, 54= 2.58; p=0.048).

Effect of cadmium on protein carbonyls
during the depuration period. In males, at day 0,
the PC levels remain significantly higher in treated
series with LC10 (p= 0.048) and LC25 (p= 0.002) as
compared with controls. However, there was no
significant difference between control and treated
series at 48 H (control vs LC10 p= 0.051; control vs
LC25 p= 0.078) and 96 H (control vs LC10 p= 0.86;
control vs LC25 p= 0.051) (Fig. 4).
In females, the normal values were recovered
starting 48H during the depuration period with the
lower concentration of Cd (LC10) (Fig. 5). Indeed,
there was no significant difference between control
and LC10-treated series at 48H (control vs LC10 p=
0.51) and 96H (control vs LC10 p= 0.52),
respectively. In females exposed to CL25, there was
a significant difference in the PC levels between
controls and treated series at 48H (p= 0.035) and 96H
(p= 0.037).
Concerning the depuration period, ANOVA

DISCUSSION
Protein carbonyls represent a marker of global
protein oxidation, as they are generated by multiple
different reactive oxygen species in blood, tissues
and cells [26], and a good biomarker of aquatic
organism exposure to environmental contaminants
[27]. An increase in this biomarker would indicate
that normal protein metabolism had been altered by
the accumulation of damaged molecules [28].
The present study revealed that Cd exposure at
two sub-lethal concentrations induced a significant
induction in PC levels. The responses observed
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during the gametogenesis in M. galloprovincialis,
and this bioaccumulation was found higher in
females [41]. These findings can explain the
difference in the responses observed between the sex
in D. trunculus during the exposure to cadmium and
the depuration period.

varied according to the concentration, the sex and the
exposure time. Indeed, the effect was relatively more
marked with the highest concentration. Previous
studies have reported similar observations on aquatic
organisms following exposure to several pollutants.
Thus, the PC levels increased significantly in the gill,
liver, kidney and brain of two fish species Channa
striatus and Heteropneustes fossilis exposed to
heavy metals especially Cd [29], and also in
intestines of Fundulus heteroclitus following a shortterm exposure to low concentrations of
copper[30].This induction in PC levels was reported
in some Mollusk species such as Laternula elliptica
contaminated with Copper and Iron during the
reproductive period [31], Mytilus edulis and Dosinia
lupines following irradiation by 60Co [32] or M.
galloprovincialis sampled from polluted areas [33].
For environmental risk assessment, a
comprehensive understanding on adaptation and/or
arecovery is essential [22]. In this study, Cd-exposed
animals transferred to clean water recovered rapidly
their normal status starting 48 H according to the
concentrations tested and the sex. Thus, D. trunculus
restored their normal values by 48Hfor the two tested
concentrations in male groups, and also by 48H only
in the LC10-treated female series. The response was
relatively more marked with the highest
concentration and in females. This is probably due to
the susceptibility of females to Cd. Indeed, based on
the lethal concentrations previously determined on
D. trunculus, cadmium appeared more toxic against
females as compared to males [23]. Generally, in
contaminated organisms the energy budget was used
for detoxification processes to maintain homeostasis
to the detriment of growth and production processes
[34]. Accumulation of oxidative damage and
decrease in antioxidant protection during the
reproductive period has been demonstrated in
Bivalves [35]. In previous studies we showed that
heavy metals caused an oxidative stress in D.
trunculus [17, 18, 20]. In addition, this species was
found to stimulate rapidly his detoxification system
to overcome the stress induced by laboratory
exposure to cadmium [10].
Recently, three Mollusk species (Ruditapes
philippinarum, M. galloprovincialis, Scrobicularia
plana) exposed to several heavy metals were found
to reduce rapidly the levels of some toxic like lead
and cadmium during the depuration period [36]. The
reduction of PC levels observed during the
depuration period can be due to the activation of
metabolic pathways to remove PC from tissues [3738].There is a difference in the energy demand of
male and female gametes [39]. Indeed, male bivalves
produce small spermatozoa with few energy reserves
in comparison to females which elaborate vitellin
reserves for developing oocytes [40] and have high
needs of energy for oogenesis. Moreover, it has been
demonstrated that the bioaccumulation of several
heavy metals including cadmium depends on the sex

CONCLUSIONS
The overall data obtained suggested that D.
trunculus is a suitable biological model which can be
used in toxicological and biomonitoring studies, and
PC are a good biomarker of oxidative stress induced
by cadmium. Moreover, the recovery pattern showed
that this Mollusk species was able to overcome
relatively rapidly the stress induced by this heavy
metal particularly in males. The difference in the
responses between the sexes could be correlated to
different metabolic requirements during the
reproductive period.
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ABSTRACT
The qualitative and quantitative distributions of
airborne and waterborne microfungi were
determined in the streams at Meric-Ergene River
Basin which is one of the biggest wetlands of
Turkey. A total of 17 localities at 8 different streams
in the basin were sampled in June 2009 and June
2010. While a total of 51 species within 25
microfungi genera were isolated, 37 species of them
were observed at water samples and 27 species of
them were observed at air samples. Only 12 species
of them were found in both sides. The species
isolated from the water Alternaria citri, Penicillium
citrinum,
Cladosporium
sphaerospermum,
Aspergillus niger and Aspergillus fumigatus were
the most abundant ones in the year 2009 (abundance
19.15%, 8.96%, 7.21%, 5.72%, and 4.48%,
respectively), and the species Penicillium oxalicum,
Cladosporium sphaerospermum, Sarocladium
strictum and Davidiella macrocarpa were the most
abundant ones in the year 2010 (abundance 1.63%,
1.13%, 1.13%, and 0.75%, respectively). The
species isolated from the air Alternaria citri,
Graphiopsis chlorocephala, and Cladosporium
herbarum were the most abundant ones in the year
2009 (abundance 24.05%, 2.22%, and 2.06%
respectively), and the species Fusarium poae,
Alternaria citri, and Sarocladium strictum were the
most abundant ones in the year 2010 (abundance
34.56%, 7.76%, and 4.35%, respectively).
Furthermore, some physicochemical features (air
and water temperature, dissolved oxygen, pH,
conductivity, light permeability, and bicarbonate) of
the sampling localities were measured to determine
the relationships between the distributions of the
microfungi and environmental conditions.

microbial content and physicochemical conditions
[1-6].
Microfungi have very important role for the
decomposition of organic matters in aquatic
ecosystems. While the microfungal activities
provide the ecological balance in water
environments; their qualitative or quantitative
distribution can affect the water quality [7,8]. It is
also known that some fungi species can lead to
environmental/health problems [9-11]. They are also
very important parts of microbiological population
in water resources and their spores are common in
air and soil environments. While a lot of microfungi
can be transported from air, soil, and plants to
surface waters, fungal spores can also be passed to
air from water through the waves and water drops
[12,13]. Also, airborne fungi originate from a lot of
different ecosystems likewise soil and water. And,
airborne fungal spores can be disturbed according to
changing conditions such as wind, humidity,
temperature, rainfall, etc [12].
Meric-Ergene River Basin is located in
European part of Turkey called as Turkish Thrace.
The basin is surrounded by a lot of agricultural areas,
settlements, and industrial activities. Up to now,
there is no study on the determination microfungal
composition of Meric-Ergene River Basin. A total of
17 localities at 8 different streams were examined in
the years 2009 and 2010 at the basin. Thus, the first
observations on qualitative and quantitative
distributions of microfungi and the relationships
between the environmental conditions were
evaluated.

MATERIALS AND METHODS

INTRODUCTION

Study area. Sampling was made at 17
localities (station) in the streams at Meric-Ergene
River Basin: Corlu Stream (1st, 2nd, and 3rd stations),
Ergene Stream (4th station), Ergene River (5th, 7th,
9th, 10th, and 11th stations), Luleburgaz Stream (6th
station), Babaeski Stream (8th station), Tunca River
(12th station), Meric River (13th, 14th, 16th, and 17th
stations), and Sazlidere Stream (15th station) (Fig. 1).

It is no doubt that aquatic ecosystems are one
of the most important natural resources for living
things. To utilize from water resources safely LW¶V
definitely needed to be properties likewise their

Airborne microfungi samplings. Culturable
airborne microfungi were collected using the Petri
Plate Gravitational Settling Method [14-17]. In each
sampling station, two Petri dishes (containing Rose-

KEYWORDS:
Meric-Ergene, River Basin, microfungi, physicochemical
parameters
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Bengal Chloramphenicol Agar) were put at the
height of 150 cm above water to air for 15 minutes
[12]. Then the plates were incubated for 7-10 days at
+25oC in the laboratory.
Waterborne microfungi samplings. Water
samples were taken from under of water surface, and
then they were put into sterile bottles (250 mL) while
being transferred to the laboratory at +4 oC. The
yeast and molds in the samplings were determined
by the spread plate method on Rose Bengal
Chloramphenicol (RBC) Agar and the plates
incubated for 7-10 days at +25oC [18]. All airborne
and waterborne fungi were evaluated as colony
forming unit (CFU). The microfungi colonies
isolated from the air and water samples were
transferred to Potato Dextrose Agar slants in the test
tubes and incubated for 10 days at +25oC. These
tubes were preserved at +4 oC for using as stock
culture.
Identification. Microfungi obtained from
stock cultures were inoculated to the specific
identification media (Czapek Solution Agar, Czapek
Yeast Autolyzed Agar [CYA], Malt Extract Agar
[MEA], CYA with 20% sucrose, Yeast Extract
Sucrose (YES) Agar and Creatin Sucrose Agar
(CREA) for Aspergillus; CYA, MEA, CREA, YES
Agar and 25 % Glycerol Nitrate Agar for
Penicillium; Potato Dextrose Agar and [MEA] for
Dematiaceous Hyphomycetes and other species).
Inoculated plates were incubated at different
temperatures (+25, +30, +37, and +5 oC) according
to the literature. Their macroscopic (diameter,
texture, shape, surface and reverse coloration,
sporulation,
zonation,
exude
formation,
pigmentation of colonies and the presence of

macroscopic reproductive structures esc.) and
microscopic features (coloration, shape, size and
wall characteristics of fungal structures such as
conidiophores and conidia esc.) were used for the
identification. The determination of micro
morphological structures of fungi was made by
material mounted in a modified mounting medium,
Lacto-Cotton Blue [19]. Some literatures were used
for identification [20-32]. Also, fungal author names
were standardized in accordance with Authors of
Fungal
Names
[33]
and
the
website,
www.indexfungorum.org.
Physicochemical analysis. Water sampling
was made by Nansen Water Sampler at the same
time with the fungal sampling. While the water
WHPSHUDWXUH E\ 1DQVHQ¶V WKHUPRPHWHU  GLVVROYHG
oxygen (by oxygen meter), pH (by pH meter),
conductivity (by conductivity meter), light
permeability (by secchi disk), and bicarbonate (by
classical chemical method) was determined [34], the
air temperature was measured at the same time with
fungal sampling by using an ordinary thermometer.

RESULTS AND DISCUSSION
While a total of 30 different microfungi species
(17 species from water, 22 species from air, 9 species
from both sides) within 19 genera were determined
in the year 2009, a total of 31 different microfungi
species (26 species from water, 10 species from air,
5 species from both sides) within 16 genera were
determined in the year 2010. The microfungi species
and the numbers of colonies from air and water
environment were shown at Table 1.

FIGURE 1
The sampling localities in Meric-Ergene River
Basin.
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TABLE 1

The airborne and waterborne microfungi species isolated from Meric-Ergene River Basin
Species

WATERBORNE
Station number
(with number of colonies)

CFU (%)

ACREMONIUM Link
A. sordidulum W. Gams&D.
Hawksw.
Acremonium sp.

2 (0.50)/ *1 (0.13)

ALTERNARIA Nees

90 (22.39)/*2 (0.25)

A. alternata (Fr.) Keissl.

1 (0.25)

A. citri Ellis & N. Pierce

77 (19.15) /
(0.25)

A. dianthicola Neerg.

12 (2.99)

2 (0.50)

7(2)

*1 (0.13)

*17(1)
160(25.40)/*70
(9.52)
7.5 (1.19) / *13
(1.77)

13(1)

*2

4(3), 5(3), 6(3), 7(12), 8(46),
151.5(24.05)/
9(1), 10(2), 12(3), 16(4) /
*57 (7.76)
*14(1),*15(1)

14(1.5), 15(2), 18(4) / *6(2), *8(11)
1(1.5), 2(8), 3(6.5), 4(2.5), 5(33.5), 6(7.5),
7(0.5), 10(6.5), 11(18.5), 12(1.5), 13(2),
14(2.5), 15(5.5), 16(13.5), 17(41.5) /
*1(17), *2(8), *3(8), *4(4), *5(5), *6(3),
*7(3), *11(1), *12(5), *14(2), *15(1)

1(2), 2(3), 4(1), 5(2), 9(1), 12(2),
15(1)

Alternaria sp.

1 (0.16)

7(1)

ARTHRINIUMKunze
A. phaeospermum (Corda)M.B. Ellis

0.5 (0.08)
0.5 (0.08)

9(0.5)

ASPERGILLUS Fr.:Fr

3 (0.48)/*5
(0.68)
0.5 (0.08)
0.5 (0.08) / *5
(0.68)

42(10.45)/*8 (1.00)

A.amstelodami Thom&Church
A. flavus Link

*2 (0.25)

A. fumigatus Fresen.
A. niger Tiegh.
A. ostianus Wehmer
A. terreus Thom
A. versicolor (Vuill.) Tirab.
A. wentii Wehmer
Aspergillu sp.

18 (4.48) / *2 (0.25) 3(18) / *11(1), *16(1)
23 (5.72) / *1 (0.13) 3(6), 15(2), 17(15) / *1(1)

7(2)

*2 (0.25)
*1 (0.13)
1 (0.25)

*9(1), *14(1)
*2(1)
16(1)

CHAETOMIUMKunze
Chaetomium spp.

6 (1.49)
6 (1.49)

1(3), 6(3)

CLADOSPORIUMLink

53(13.18)/*12
(1.51)

C. cladosporioides (Fresen.) G.A.de
Vries

13 (3.23) / *1 (0.13)

C. herbarum (Pers.) Link
C. sphaerospermum Penz.

0,5 (0.08)
0.5 (0.08)

11(0,5)
11(0.5)

0.5 (0.08)
0.5 (0.08)

1(0.5)
6(0.5)

3(4), 9(1), 10(4), 12(3), 13(1) /
*15(1)
5(3), 6(5), 11(1), 13(1), 14(1) /
11 (2.74) / *2 (0.25)
13 (2.06)
*10(1), *15(1)
1(6), 3(11), 10(1), 17(11) / *6(1), 1 (0.16) / *18
29 (7.21) / *9 (1.13)
*11(1), *12(2), *13 (2), *16(3)
(2.45)
4 (0.64) / *11
(1.50)
0.5 (0.08) / *4
(0.54)

C. australiensis (Tsuda & Ueyama)
Manamgoda
C.hawaiiensis (Bugnic.ex M.B.Ellis)
Manamgoda
C. spicifera (Bainier) Boedijn
DAVIDIELLA Crous& U. Braun
D.macrocarpa Crous, K. Schub. &
U. Braun

12(0.5)
3(0.5) / *7(5)

14(2.22)/*18
(2.45)

CURVULARIA

4(1), 6(0.5), 7(0.5), 9(1), 16(10)
1(0.5), 4(0.5) / *16(18)

16(0.5) / *13(1), *14(1), *16(2)

*7 (0.95)

*7(2), *8(2), *12(2), *14(1)

3.5 (0.56)

6(0.5), 16(2.5), 17(0.5)

15 (3.73) / *6 (0.75)

0.5 (0.08)

15 (3.73) / *6 (0.75) 3(13), 7(2) / *10(5), *15(1)

0.5 (0.08)

1(0.5)

DENDRYPHION Wallr.
D. comosum Wallr.

0.5 (0.08)
0.5 (0.08)

13(0.5)

DRECHSLERA S. Ito
D. dematioidea (Bubák&Wróbl.)
Scharif

0.5 (0.08)
0.5 (0.08)

17(0.5)

EPICOCCUM Link
Epicoccum spp.

2.5 (0.40)
2.5 (0.40)

12(0.5), 13(0.5), 15(1.5)

54
(8.57)/*265(36.0
5)
2 (0.32)
*11 (1.50)

3(0.5), 6(1.5)
*1(3), *3(2), *4(3), *6(1), *7(2)

FUSARIUM Link

*7 (0.88)

F. concolor Reinking
F. crookwellense L.W. Burgess
F. culmorum (W.G. Sm.) Sacc.

*3 (0.38)

*4(1), *13(1), *17(1)

F. poae (Peck)

*2 (0.25)

*4(1), *8(1)

Fusarium spp.

*2 (0.25)

*4(2)

*254(34.56)
52 (8.25)

Table 1 continued
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GEOTRICHUM Link
G. candidum Link

*1 (0.13)
*1 (0.13)

*1(1)

GIBBERELLA Sacc.
G.intricans Wollenw.

*2 (0.25)
*2 (0.25)

*8(1), *16(1)

GRAPHIOPSIS Trail

9 (2.24)

G. chlorocephalaTrail

9 (2.24)

MYCELIA STERILIA

PHOMA Fr.
P. glomerata (Corda)
Phoma spp.
PENICILLIUM Link
P.anatolicum Stolk
P. aurantiogriseum Dierckx
P. bilaiae Chalab.
P. brevicompactum Dierckx
P. chrysogenum Thom
P. citreonigrum Dierckx
P. citrinum Thom
P. decumbens Thom
P. griseofulvum Dierckx
P. janczewskii K.M. Zalessky
P. lividum Westling
P. oxalicum Currie & Thom
P. restrictum J.C.Gilman&E.V
Abbott
P. solitum Westling
Penicillium spp.
RADULIDIUM Arzanlou, W.
Gams &Crous
R.subulatum (deHoog)
Arzanlou,Gams&Crous

92(22.89)/
(1.63)

14 (2.22)
1(3), 3(3), 13(1), 14(2)

1(10), 3(30), 4(6), 5(10), 6(4),
*13 7(15), 10(2), 11(2), 12(12), 14(1) 356.5 (56.59)/
/ *4(1), *5(1), *6(6), *8(1), *262(35.65)
*10(1), *11(1), *14(2)

2 (0.50)/*1 (0.13)
2 (0.50) / *1 (0.13)

1 (0.16)
0.5 (0.08)
0.5 (0.08)

16(2) / *16(1)

56(13.93)/*31
(3.89)
1(0.25)
*1 (0.13)
*1 (0.13)

1(1)
*11(1)
*12(1)

15 (3.73)

1(6), 2(9)

36 (8.96)
*4 (0.50)

1(21), 2(6), 3(7), 4(2)
*10(4)

*1 (0.13)
*1 (0.13)
*13 (1.63)

*7(1)
*3(1)
*5(4), *7(7), *9(2)

*1 (0.13)

*5(1)

4 (1.00)
*9 (1.13)

17(4)
*5(1), *9(1), *10(7)

1(1), 2(106), 3(11.5), 4(17), 5(73), 6
(27.5), 7(2.5), 8(0.5), 9(33), 10(24.5),
11(23.5), 12(6), 13(2.5), 14(3), 15(1),
16(13), 17(9) / *1(42),*2(24), *3(9),
*5(23), *7(13), *9(33), *10(11), *11(12),
*12(9), *13(24), *14(22), *15(11),
*16(10), *17(19
6(0.5)
11(0.5)

0.5 (0.08)

9(0.5)

0.5 (0.08)

3(0.5)

*1 (0.14)

15(1)

2.5 (0.40)/*68
(9.25)
2.5 (0.40) / *68
(9.25)

11(2.5) / *3(2), *8(15), *10(1), *11(7),
*12(6), *14(8), *15(19), *17(10)

*1 (0.13)
*1 (0.13)

*12(1)

Rhizopus spp.
*12 (1.51)
*3 (0.38)
*9 (1.13)

*32 (4.35)
*16 (3)
*4(4), *5(1), *9(4)

STEMPHYLIUM Wallr.
Stemphylium spp.
TALAROMYCES C.R. Benj.
T. purpureogenus Samson, Yilmaz,
Houbraken, Spierenburg, Seifert,
Peterson, Varga&Frisvad

*1 (0.13)

TRICHODERMA Pers.

*34 (4.27)

T. viride Pers.
Trichoderma spp.

*34 (4.27)

VERTICILLIUM Nees
V. albo-atrum Reinke& Berthold

*2 (0.25)
*2 (0.25)

ULOCLADIUM Preuss
U. chartarum( Preuss) E.G.
Simmons

7 (1.74)

*1 (0.13)

*32 (4.35)

*8(32)

0.5 (0.08)
0.5 (0.08)

14(0.5)

*10(1)
0.5 (0.08)
0.5 (0.08)
*1(2), *2(1), *3(1), *5(2), *7(8),
*8(14), *9(5), *15(1)

15(0.5)

*16(2)
4 (0.63)

7(1.74)

3(2), 4(1), 7(4)

4 (0.63)

YEASTS

19(4.73)/*656
(82.31)

1(2), 2(3), 5(4), 6(3), 7(1), 8(4),
11(2) / *1(59), *2(140), *3(177), 4.5 (0.71)/*2
*4(141), *5(35), *6(9), *7(25), (0.27)
*8(8), *9(27), *10(7), *11(19),
*12(2), *14(2), *16(3), *17(2)

4(2), 5(0.5), 6(0.5), 7(0.5), 12(0.5),
15(0.5) / *10(2)

Unidentified

*3 (0.38)

Ungrowth

9 (2.24) / *4 (0.50)

3(1), 6(0.5), 7(1), 9(2.5), 13(0.5), 15(0.5)
/ *7(1)

TOTAL

402 /*797

* 12(2), *15(1)
1(1), 2(1), 3(1), 4(2), 10(1), 6 (0.95) / *1
11(1), 12(1) / * 2(1), *5(3)
(0.14)
630/*735

(* the values belonging to year 2010; without sign belonging to year 2009)



1(1), 2(1.5), 3(0.5), 4(1.5), 5(0.5), 6(2),
7(1), 9(0.5), 12(2), 13(0.5), 15(3)

1 (0.16)/*1
(0.14)

RHIZOPUS Ehrenb.

SAROCLADIUM W. Gams & D.
Hawksw.
S. kiliense (Grütz) Summerb.
S.strictum (W. Gams) Summerb.

14 (2.22)
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While the Mycelia Sterilia was the most
isolated microfungi from water in the basin in 2009
(92 CFU, 22.89% abundance), the yeast were the
most isolated organisms from water in 2010 (656
CFU, 82.31% abundance).The most isolated
microfungi genera from water in the year 2009 were
Alternaria (90 CFU, 22.39%), Cladosporium (53
CFU, 13.18%), Penicillium (56 CFU, 13.93%), and
Aspergillus (42 CFU, 10.45%); and the species were
A.citri (77 CFU, 19.15%), P. citrinum (36 CFU,
8.96%), C. sphaerospermum (29 CFU, 7.21%), A.
niger (23 CFU, 5.72%), and A. fumigatus (18 CFU,
4.48%). The most isolated microfungi genera from
water in the year 2010 were Trichoderma (34 CFU,
4.27%),
Penicillium
(31
CFU,
3.89%),
Cladosporium (12 CFU, 1.51%), and Sarocladium
(12 CFU, 1.51%); and the species P. oxalicum (13
CFU, 1.63%), S. strictum, C. sphaerospermum (9
CFU, 1.13%), and D. macrocarpa (6 CFU, 0.75%)
(Table 1). In previous studies performed to
determine fungal composition of water resources,
especially Aspergillus genus and some species
likewise A. niger and A. fumigates are reported as
dominant [8, 35-36]. Additionally, some species
belonging to genera Penicillium, Cladosporium,
Alternaria and the specimens belonging to Mycelia
Sterilia were observed at the water environments. In
a previous study, Penicillium, Cladosporium, and
Scopulariopsis were reported as the most widespread
genera in a lake [12]. In another study, Penicillium,
Phoma, Acremonium, Cladosporium, Alternaria,
Ulocladium, Trichoderma, Aspergillus were
reported as the most widespread genera in a river
[13]. Similar findings were also observed in this
study.
While Mycelia Sterilia isolated from air in the
basin was the most abundant specimens with 56.59%
abundance (356 CFU) in the year 2009, it has taken
place of the second row in the year 2010 (35.65%
abundance with 262 CFU). While the genera
Alternaria (160 CFU, 25.40%), Fusarium (54 CFU,
8.57%), Cladosporium (14 CFU, 2.22%) and
Graphiopsis (14CFU, 2.22%); the species A. citri
(151.5 CFU, 24.05%), G. chlorocephala (14 CFU,
2.22%), and C. herbarum (13 CFU, 2.06%) were the
most isolated microfungi from air in the year 2009,
the genera Fusarium (265 CFU, 36.05%), Alternaria
(70 CFU, 9.52%), and Rhizopus (68 CFU, 9.25%);
the species F. poae (254 CFU, 34.56%), A. citri (57
CFU, 7.76%), and S. strictum (32 CFU, 4.35%) were
the most isolated microfungi from air in the year
2010. In a previous study performed in a lake, the
species C. herbarum is reported as the most
widespread microfungi in the air samplings 12].
Similar results were observed in a lot of studies
which were performed on the determination of
fungal flora of air environments [37-39].
It is known that the species belonging to the
genera Cladosporium, Alternaria, Aspergillus,
Penicillium, and Fusarium are the most widespread



organisms among airborne fungi and it is
reported that the species belonging Cladosporium is
dominant [12, 40-41]. Also, the spores of
Aspergillus, Penicillium are known as the most
widespread aeroallergens [12,40]. Especially,
airborne saprophytic fungi Aspergillus fumigatus
which was found in this study is known as the most
ubiquitous microfungi [12]. In this study, some of
microfungi which were isolated from air were also
found in water. This can be explained by the
occurrence of fungal spore transport between air and
water environments.
Although a lot of microfungi are saprophyte of
plant material in aquatic ecosystems, some of them
may be secondary or opportunist pathogens for
plants, animals and/or humans. Some species
belonging Aspergillus, Alternaria, Cladosporium
which were also found in our study are known as
potential secondary pathogens for humans and they
are reported in water environments frequently [18].
Although these microfungi cannot cause to diseases
in healthy individuals, they may lead to some health
problems in immunocompromised individuals [36].
Especially genus Alternaria is reported as allergenic
potential. The fungi Aspergillus flavus may produce
aflatoxins which are carcinogenic to animals and
humans [10]. Some of fungi may infect
phytoplanktonic organisms in the water [11].
Furthermore, some species which are known as
pathogenic microfungi (e.g. Alternaria, Fusarium,
Cladosporium, Phoma, etc.) for plants may be
transported by water flow. These pathogenic
microfungi may infect terrestrial plants by irrigation
and may cause different diseases at the plants. And,
the animals or humans which are fed on these plants
may also be affected negatively by the food chain.
Some environmental parameters likewise
temperature, pH, and DO have important roles to
determine
the
distribution
of
aquatic
microorganisms [12,42]. Temperature is an
important and required feature for microbiological
activities in all ecosystems. Suitable ranges of this
feature determine both the distribution and biomass
of organisms. But the lowest or the highest values of
temperature from these ranges are among of the
limited factors in ecosystems. In this study, water
temperature was observed at the ranges between +20
and +28oC which allow the growth of
microorganisms. Biochemical activities in an
aquatic ecosystem occur at certain ranges of pH [43].
The lowest of the highest values of pH can lead to
damage for cell structure and may stopped growth of
a living things [44,45]. In this study, the pH values
range between 5.1 and 8.8 (Table 2). The pH values
and water/air temperatures were compared with
colony numbers of microfungi isolated from water
and air (Figs. 2 and 3). Conductivity is related with
the amount of dissolved material in an aquatic
system. In this study, the values belonging this
property were found at high level at the areas which
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has been surrounded by intense industrial activities
and DO ranging between 0.2 and 6.8 mg/L (Table 2).
The high conductivity values and low light

permeability at the stations passing through
from industrial areas are also observed.

TABLE 2
Some physicochemical features of the Streams at Meric-Ergene River Basin
StreamsÆ
Æ
StationsÆ
Æ
WT (0C)

1
23
20*

A
2
27
27*

3
28
27*

B
4
23
26*

5
25
26*

7
24
25*

C
9
25
24*

10
27
24*

11
25
23*

D
6
25
20*

E
8
21
23*

F
12
21
21*

G
15
20
26*

13
22
25*

14
23
24*

16
25
25*

17
24
24*

AT(0C)

34
26*

33
27*

34
25*

31
26*

26
27*

21
26*

21
25*

27
25*

28
25*

27
24*

25
25*

23
30*

28
26*

25
30*

26
30*

26
28*

25
28*

DO (mg/L)

1.5*

0.2*

0.2*

1.0*

0.4*

0.6*

0.4*

0.8*

0.2*

2.6*

1.9*

5.3*

1.7*

4.1*

6.8*

4.4*

4.2*

pH

8.5
7.6*

8.1
7.7*

7.8
7.5*

7.6
8.2*

8.0
7.4*

8.0
7.5*

8.1
7.4*

5.1
7.4*

8.1
7.4*

7.9
7.8*

8.1
7.8*

8.0
7.8*

7.8
8.3*

8.4
8.1*

8.5
8.0*

8.8
8.0*

7.7
7.8*

EC (μS/cm)

686 6130 7590
788* 4750* 6890*

4760 6070 5390 3880 3940 4010 2510
2222* 2530* 4020* 2140* 1923* 2221* 1960*

644 743 753 277 349 446 1380
668* 592* 940* 253* 520* 456* 812*

HCO3(mg/L)

497 823
176* 210*

872
292*

756
205*

LP (cm)

55
14*

30
7*

55
7*

45
5*

H

1177 1110 1037
225* 242* 248*

958
220*

982
219*

274
158*

329 497 497 170 183 256 396
105* 150* 158* 102* 110* 150* 165*

30
12*

35
10*

35
8*

60
35*

60
42*

30
10*

40
10*

80
40*

50
34*

60
38*

70
37*

65
35*

60
33*

Water Microfungi 2009
WT 2009
pH 2009

Colony counts (logCFU/mL)

3

Water Microfungi 2010
WT 2010
pH 2010

30

2,5

25

2

20

1,5

15

1

10
5

0,5

0

0
1

2

3

4

5

7

9

10

11

6

8

12

15

13

14

16

pH and water temperature (oC)

(* The values belonging to 2010 sampling; without sign belonging to 2009 sampling)
(A: Corlu stream, B: Ergene stream, C: Ergene River, D: Luleburgaz Stream, E: Babaeski Sream, F: Tunca River,
G: Sazlidere Stream, H: Meric River) (WT: Water Temperature; AT: Air Temperature; DO:Dissolved oxygen;
EC:Conductivity; LP:Light Permeability)

17

Stations

FIGURE 2
Distribution of Colony numbers, pH and water temperature in the years 2009 and 2010
Air microfungi 2010
Air Temp 2010

40
35

Colony counts (CFU)

120

30

100

25

80

20
60

15

40

10

20

5

0

Air Temperature (oC)

Air microfungi 2009
Air Temp 2009

140

0
1

2

3

4

5

7

9

10

11

6

8

12

15

13

14

16

17

Stations

FIGURE 3
Distribution of colony numbers and air temperature in the years 2009 and 2010
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CONCLUSION
According to the results, it was observed that
the Meric-Ergene River basin has allergenic fungal
flora. A monitoring programme is suggested to
follow the fungal distribution of the basin. Thus, the
allergic health problems of people living in the basin
may be treated at an early stage.
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percolation [3]. China is one of the largest users of
pesticides in the world [4]. The annual application
of pesticides in China roughly amounts to 230
thousand tons (active ingredient), all kinds of
preparations are approximately 1300 thousand tones
[5]. Most of the pesticides are sprayed on crops in
spray form, the use rate is only approximately 30%,
and approximately 70% the pesticide will be lost in
the soil, water, and air, which results in pesticide
diffuse pollution and groundwater pollution [6].
The rainfed agriculture in Chinese Loess Plateau is
well developed, runoff and erosion are two major
power sources of pesticide to surface waters in
agricultural areas. The concentration levels are
mainly affected by the application and
physicochemical properties (such as the solubility
and half-life) of pesticides and underlying surface
conditions of the surrounding area.
Following
eutrophication
by
fertilizer
application, soil and water pollution caused by
pesticide diffuse pollution has been considered as a
very important and extremely concerned
environmental problem [7]. The most significant
features of pesticide pollution are their toxicity and
persistence (refractory) in the environment, and
expansion of the pollution range with rainfall runoff
[8]. The migration and transformation of pesticide
diffuse pollutants and its environmental fate involve
many parameters, such as soil physical, chemical,
biological,
hydraulic
and
hydrogeological
properties, rainfall, crop irrigation modes, farming
measures, types of pesticides (herbicides,
insecticides and fungicides), pesticide application
modes and crop varieties. In general, the monitoring
program of pesticide residues is time-consuming
and expensive, and it is difficult to accurately
distinguish different pesticides with similar physical
and chemical properties [9]. Modeling techniques
provide an efficient way to simulate the transport
and fate of pesticides and quantitatively
characterize their occurrence and distribution in the
subsurface environment [10-13]. In the past thirty
years, scholars in the world have developed some
analytical and numerical simulation models, where
the windows-based integrated pesticide transport

ABSTRACT
Pesticide application may contaminate
regional surface water, soil and even groundwater.
The severe soil loss of the Loess Plateau aggravates
the risk of pesticide pollution. Therefore, to explore
the transport and fate of Methidathion in canopysoil systems, an integrated pesticide model was
selected and applied to simulate verticaldimensional
and
three-phase
Methidathion
environmental fate in an apple-orchard catchment
of the Changwu Tableland. Results indicate that
spatio-temporal distributions of Methidathion in
surface soil primarily depend on rainfall, irrigation,
pesticide properties and applications; the exposure
levels of Methidathion in subsurface and deep soil
are closely related to the cumulative and delayed
effects; the peak of pesticide runoff has not always
been coincided with the peak of the surface runoff;
the largest amount of soil erosion did not always
generate the largest pesticide-erosion amount;
pesticide and water distributions for the plant
canopy zone and the soil surface are both closely
related to the rainfall distribution, pesticide
applications and vegetation types. The findings may
provide data reference for soil±water±crop±
pesticide management in an apple-orchard area of
the Loess Plateau.

KEYWORDS:
diffuse pollution; pesticide; canopy-soil system; transport
and fate; apple orchard

INTRODUCTION
Pesticide application is regarded as a good
way to prevent plant diseases and pests [1], it brings
great benefits for human beings and also poses a
threat to natural environment [2]. Transport and fate
pathways of pesticides in the environment are very
complex, they can volatilize from soil surface into
atmosphere, flow into surface waters through
runoff, and leach into groundwater by deep
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northwest corner of Xianyang City, Shaanxi
province. The land area of the whole County is 583
km2. The terrain is tilted from west to East with the
altitude of 847-1274 m, the area is located at the
typical Loess hilly and gully region, it belongs to a
warm temperate semi humid continental monsoon
climate. The average annual precipitation in the
County is about 500~600 mm, the inter-annual
variability of precipitation is large, the intra-annual
precipitation
is
highly
concentrated,
the
precipitation in 7-9 months accounts for more than
55% of the total annual precipitation. The County
has 3 rivers including Jinghe River, Heihe River
and Nanhe River, Changwu County can be divided
into three parts of JuJia tableland, ZaoYuan
tableland and Changwu tableland [20], where the
land area of Changwu tableland is 297 4 km2, the
tableland area is 101.6 km2, the area of tableland
and gully slope are 34.2% and 65.8%, respectively,
the groundwater depth is 30~80 m [21]. Changwu
tableland is located between the east longitude
ƍa5ƍand
the
north
latitude
34°59ƍa35°1ƍ it is a typical hilly and gully area.
The geomorphology has characteristics of high
plateau, deep gully and steep slope. Changwu
tableland is divided into north and south parts,
Northern tableland surface is relatively complete
and smooth, it is slightly tilted to the southeast;
Southern tableland surface is tattered and developed
into beam shaped hills tilted towards the valley.
Apple is the most common crop in Changwu
County, the annual average orchard area of Ansai
County is 12387 ha from 1999 to 2010, the average
pesticide application amount is 96958 kg, Figure 1
shows that the pesticide application rate has an
overall downward trend and the orchard area has an
overall upward trend.
A small apple-orchard plain catchment in
Changwu County in this study was taken as the
research object to simulate pesticide transport and
fate, it is a typical plain apple-orchard zone, the
catchment area is 2.48 km2 (Figure 2). The soil type
in the study area is cumuli-ustic isohumosols which
takes the deep loessal soil as the parent material. It
is a soil type with the largest distribution area in the
Changwu Tableland. Soil nutrient content in
cumuli-ustic isohumosols is generally low, the
lower layer is higher than the upper, this is because
the upper is often eroded and nutrient loss is
serious. The mechanical composition characteristics
of the cultivated cumuli-ustic isohumosols are that
the contents of silt and sand particles are more than
50% and soil textures are mainly clay loam and
loamy clay (Table 1).

modeling system (IPTM-CS) developed by Chu and
Marino (2004) has time-continuous and spacediscretization characteristics [14], it considers the
dynamic mechanism of pollutants in different
mediums and can accurately simulate pesticide
transport and fate in the plant canopy and
subsurface environments.
Applications of the IPTM-CS model have
been published for different areas in previous
studies with reasonable results. In the United States,
the Orestimba Creek Basin and the San Joaquin
River in California were selected as case studies to
verify the applicability of the semidiscrete pesticide
transport
model
in
evaluating
diazinon
contamination in subsurface and surface
environments [14]. Also, an orchard site in Chico,
California, was selected for the model testing [15].
In Europe, simulations are performed for a typical
sandy loam potato field in ,WDO\¶V )ucino Plain to
explain and verify the occurrence of measured
pesticide concentrations in both surface waters and
groundwater [16]. In China, herbicide transport and
distribution were simulated in subsurface
environments of some vegetable and orchard fields
[17-19]. Therefore, it can be concluded from the
above quantitative evaluations that the IPTM-CS is
reasonable and may be used to simulate the fate and
transport of various pesticides of distinct
persistence, mobility, sorption, and volatilization
properties under different environmental conditions.
In this study, the Windows-based integrated
pesticide transport modeling system (IPTM-CS)
GHYHORSHGE\&KXDQG0DULĖR (2004) was selected
for the study of pesticide environmental fate and
transport in a coupled canopy-soil system of an
apple-orchard plain catchment in Changwu
Tableland. The objectives of this study are to (1)
characterize the transport and distribution of
pesticides in surface and subsurface environments
of an apple-orchard plain catchment by a welltested pesticide transport model; (2) evaluate how
various parameters affect the complex occurrences
and highly variable spatio-temporal distributions of
the pesticide; (3) forecast runoff- and erosioninduced pesticide transport and fate; (4) reveal
water mass balance and pesticide distribution for
the plant canopy zone and the soil surface; and (5)
present effective agricultural management strategies
to mitigate the pesticide-induced contamination.
The results may provide scientific theoretical basis
and important data reference for pesticide
applications, irrigations modes and possible
strategies of the comprehensive water±pesticide±
crop±soil management for runoff agriculture of the
Chinese Loess Plateau.

Methodology. An integrated canopy-soil
pesticide transport model (IPTM-CS) was applied
to
simulate
one-dimensional,
three-phase
(dissolved, adsorbed, and vapor phases) pesticide
transport and fate in the vadose zone (the surface

MATERIALS AND METHODS
Study area. Changwu County is located in the
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TABLE 1
Mechanical compositions of cultivated cumuli-ustic isohumosols [22]
Granulometric composition (SI Metric, %)
Types of Soil texture
0.2~0.02mm
0.02~0.002mm
㸺0.002 mm
40.0
37.0
23.0
Clay Loam
34.0
40.5
25.5
loamy clay
35.0
35.0
30.0
loamy clay
32.0
40.0
28.0
loamy clay
37.0
37.4
25.6
loamy clay
31.5
43.0
25.5
loamy clay

Depth (cm)

application rate (kg/ha)

0~21
21~52
52~128
128~188
188-298
298-358

pesticide application rate

orchard area
0

2

10000
1
20000

orchard area (ha)
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FIGURE 1
The pesticide application rate and orchard area of Changwu County from 1999 to 2010
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FIGURE 2
An apple-orchard catchment in Changwu Tableland, Shaanxi Province (a) two-row apple tree, (b)
tableland apple orchard, (c) cumuli-ustic isohumosols profile

0.1

1-Mar-2012
0.078

1-May-2012
0.065

1-Jul-2012

0.078

0.073

1-Sep-2012
0.08

pesticide application
(b) 2012

0.05
0
1-Jan-2012

1-Nov-2012

1-Mar-2012

1-May-2012

1-Jul-2012

1-Sep-2012

1-Nov-2012

FIGURE 3
Temporal distributions of (a) precipitation; and (b) pesticide applications (application timing and amount)
in the study area from 1 January 2011 to 31 December 2012
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The soil profile in this study was discretized as
follows: (a) the surface layer was set by one cell,
with an assumed thickness of 0.005 m; (b) the root
zone was divided into 10 cells of equal thickness,
considering a total thickness of 0.06m for different
root zones; as a result, each cell is 1/10 of the
assumed total thickness (corresponding to 6 cm for
cell when the total thickness is 60 cm); and (c) the
vadose zone was divided into 15 cells of 20 cm
thickness each, for a total of 3 m.
(1)
The apple industry of Changwu County in
Shaanxi Province is developed, so an apple orchard
in this County was selected to study the transport
and fate of pesticide NPS pollution in the
subsurface environmental systems. Because the
apple tree is a four-season crop, both crop
coefficient and canopy interception are active in the
whole year. Leaf area index (LAI) is the ratio of
the total one-sided area of leaves to the ground
surface area [25]. The value of LAI changes with
types of crops and growing seasons of crops [26]. It
is not only an important biological structure
parameter [27], but also an important agronomic
index for characterization of crop growth and yield
prediction [28]. In this study, the LAI of apple tree
is between 3.0 and 4.3 based on the field
monitoring results [29]7DEOHVKRZVSDUDPHWHUV¶
(2)
range related to apple crops, which is obtained by
databases and tables included in the IPTM-CS
program [23].
Hydrological and meteorological conditions
are the key power factors that affect the transport
and fate of pesticides in a catchment. Daily rainfall
data from Changwu meteorological stations were
used to simulate the catchment hydrological cycle
during the period of January 1, 2011 to December
31, 2012 (Figure 3a). In addition, the pesticide
behavior in soil is mainly affected by the effects of
degradation,
migration,
and
adsorption.
Degradation is the main way of pesticide
disappearance. It purifies the soil. Migration refers
to the transport process of pesticide through
volatilization, runoff, leaching, crop uptake, and so
forth. Adsorption makes a part of pesticide residual
remain in the soil, and significantly influences
pesticide migration and degradation processes. Soil
Conservation Service Curve Numbers, potential
retention, soil erosion, soil erodibility factor, and
conservation practice factor were evaluated by
tables and figures attached to the IPTM-CS user
manual [30-32] and correlated references [33, 34].
The representative soil in the study area is clay soil
according to the soil classification system of U. S.
Department of Agriculture (USDA) [35].
Parameters of clay loam soil in the study area were
determined by field survey and data query.
Additionally, figures and tables included in the
IPTM-CS program provided values for parameters
that have not been measured but provided methods
for determining these parameters [36, 37].

zone, plant root zone, and deep vadose zone) of an
apple-orchard catchment [14, 15, 23].The plant
canopy zone plays an important role in the fate and
transport of pesticides by altering their
environmental pathways and spatio-temporal
distributions for either over-canopy or undercanopy pesticide applications. The overall mass
balance of pesticide in the plant canopy zone [15]
can be expressed as
dM stg t
dt

mc t  mcs t  kc t M stg t

where M stg t is the pesticide mass storage
in the plant canopy zone [M/L2], mc t is the
canopy pesticide application rate [M/L2/T],
mcs t is the canopy-soil pesticide application
rate [M/L2/T], and kc t
is the first-order
pesticide decay/volatilization rate in the plant
canopy zone [1/T].
By assuming linear equilibrium sorption,
linear equilibrium liquid-vapor partitioning, and
first-order decay, the second-order partial
differential equation (PDE) governing onedimensional three-phase pesticide transport in the
vadose zone can be expressed as,
w
ª T  U K d  aK H Cw º¼
wt ¬
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wC º
w ª
w
º w ª
aDg
K H Cw »  «T Dw w »
wz «¬
wz
wz ¼
¼ wz ¬

w
qCw  rr  re  ru Cw  T  U K d  aK H K sCw  M z , t
wz

where C w is the concentration of the
dissolved-phase pesticide [M/L3], T is the
volumetric water content [L3/L3], a is the
volumetric air content [L3/L3], U is the bulk
density [M/L3], K d is the distribution coefficient
[L3/M], K H LV WKH GLPHQVLRQOHVV +HQU\¶V ODZ
constant, Dg is the diffusion coefficient of the
vapor-phase pesticide [L2/T], Dw is the dispersion
coefficient of the dissolved-phase pesticide [L2/T],
q is the water flux [L/T], ks is the first-order
degradation rate in liquid phase [1/T], rr is the
pesticide runoff rate [1/T], re is the pesticide
erosion rate [1/T], ru is the pesticide root uptake
rate [1/T], and M is the pesticide loading term
[M/L3/T].
Application of the IPTM-CS model. To
facilitate parameter estimation, a comprehensive
data supporting system which covers a variety of
basic data information, figures, tables related to
pesticide properties, soil properties, plant,
calculators,
and
meteorologic,
hydrologic
conditions, and a number of useful database
websites concerning soils, pesticides, plants and
climate are incorporated in IPTM-CS [16].
The time step adopted in this study was 1 day
and the simulation period ranged from January 1,
2011 to December 31, 2012. All performed
simulations started on March 3, 2011 when
pesticide application at the start of the crop-growth
season occurred. In general, 80% of the apple tree
roots are concentrated in 0~60 cm soil layer [24].
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TABLE 2
Plant canopy (apple crop), soil (clay loam), pesticide (Methidathion), meteorological data, and
hydrologic parameters used for modeling in an apple orchard of Changwu Tableland, Loess Plateau
Class
Plant
(apple)

canopy

Soil (clay loam)

Soil (clay)

Parameter
Transpiration coefficient
Leaf area index
Crop coefficient
Plant growing index
Canopy interception capacity
Saturated water content (m3/m3)
Saturated hydraulic conductivity (m/d)
Residual water content (m3/m3)
Field capacity (m3/m3)
Wilting point (m3/m3)
Initial water content (m3/m3)
6RLOZDWHUUHWHQWLRQSDUDPHWHU³Q´
Soil porosity
Bulk density (g/cm3)
Saturated water content (m3/m3)
Saturated hydraulic conductivity (m/d)
Residual water content (m3/m3)
Field capacity (m3/m3)
Wilting point (m3/m3)
Initial water content (m3/m3)
6RLOZDWHUUHWHQWLRQSDUDPHWHU³Q´
Soil porosity
Bulk density (g/cm3)
Distribution Coefficient Kd (cm3/g)
Henry's constant KH
First-order decay rate (1/d)
CAS number

Root zone
Vadose zone
0.75
0.7
3.0-4.3
0.25-1.25
From January to December (1)
0.1±0.5
0.41
0.43
0.062
0.56
0.095
0.075
0.34
0.13
0.197
0.105
0.25
0.38
1.31
2.28
0.464
0.445
1.4
1.4
0.38
0.4
0.048
0.51
0.068
0.053
0.396
0.18
0.272
0.198
0.27
0.39
1.47
2.33
0.475
0.453
1.3
1.3
4.4
4.4
3.3 × 10±4
0.099
0.1
950-37-8

Molecular Structure

Pesticide
(Methidathion)
C6H11N2O4PS3

Molecular Weight (g/mol)
Half life (days)
Organic Carbon Partition Coefficient (ml/g)
Water solubility (mg/l)
Vapor pressure (Pa)
Longitudinal dispersivity (m)
First-order decay rate on foliage (1/d)
First-order decay/volatilization rate in
canopy (1/d)

302.331
7
400
220 (20°C)
4.493 × 10±4 (25°C)
0.96
0.2772-0.3013

Diffusion coefficient in pure water (m2/d)

0.000043

2

Meteorologic data

Hydrologic data

1.5

0.28

Diffusion coefficient in free air (m /d)
Thickness of the air boundary layer (m)
Log of octanol-water partition coefficient
Kow (cm3/g)
Rainfall (cm)
Potential Evapotranspiration (cm)
Index of erosion model
Vegetation cover and management factor
Soil erodibility factor
Conservation practice factor
Runoff curve number for growing days

0.43
0.005

Daily rainfall 1/1/2011±12/31/2012
Daily evapotranspiration
MUSLE
0.1
0.0421 (cumuli-ustic isohumosols)
0.5
69

Runoff curve number for no-growing days

70

Ratio of initial abstraction to potential
retention

0.2

Soil cover factor
Irrigation (cm/d)

0±0.5 (average 0.29)
Irrigation simulator

2.81

Note: Pesticide parameters are from PAN (Pesticide Action Network) Pesticides Database²
Chemicals: http://www.pesticideinfo.org/ (Methidathion) and from AgroPages.com-Crop
Protection Database: http://www.agropages.com/AgroData/Detail-932.htm (Methidathion);
D³(1)´YDOXHRI³3ODQWJURZLQJLQGH[´UHSUHVHQWVcrop growing days, and D³(0)´YDOXH
represents no-crop days.
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TABLE 3
Pesticide application parameters for an apple-orchard area in the Changwu Tableland
from 2011 to 2012
NO.
Month(M)
Day(D) Year(YYYY)
Amt(g/m2)
Depth(m)
C-S factor
1
0.065
-1
0.5
3
3
2011
2
0.075
-1
0
4
27
2011
3
0.083
-1
0.5
6
2
2011
4
0.083
-1
0.5
8
9
2011
5
9
22
0.078
-1
0.5
2011
6
0.078
-1
0
2
18
2012
7
0.065
-1
0.5
4
4
2012
8
5
16
0.078
-1
0.5
2012
2012
0.073
-1
0.5
9
7
17
2012
0.08
-1
0
10
8
22
1RWH³$PW´ in the table UHSUHVHQWVDPRXQWRYHUSHUXQLWFURSDUHDD³´YDOXHRI³&-6IDFWRU´
(Canopy-Soil Partition Factor of Pesticide Application) represents all pesticides are sprayed on
the soil surface (under-canopy spray), D³.5´YDOXHRI³&-6IDFWRU´UHSUHVHQWVWKHcombined
canopy and soil surface spray; a negative application depth (-1) represents over-canopy spray of
pesticide, DSRVLWLYH³GHSWK´YDOXH LQFOXGLQJ DOVRUHSUHVHQWVDOOSHVWLFLGHVDUHVSUD\HG
on the soil surface.
Methidathion, often used for fruit trees, is an
organophosphate insecticide used to control pests
on both crop and noncrop sites. The physical form
of Methidathion is colourless crystals, it has both
effects of contact and stomach toxicity. It is a
broad-spectrum, highly toxic insecticide and
acaricide, and there are special effects for the
control of bugs. Although its use is banned in the
European Community, farmers often use it to
prevent and kill aphids or bugs. Physicochemical
properties for Methidathion were obtained from
public and Web databases or tables attached to the
IPTM-CS program [38-41]. According to statistics,
the application amount of pesticides at Changwu
County was greater than 0.75 kg/ha. Methidathion
applications, determined by the previously
mentioned farmer interviews and by the surveys of
pesticide application in the study area, were
considered as follows: ten applications were carried
out for Methidathion from the beginning of March
2011 to the end of August 2012 with an average
rate of 0.0758 g/m2 (Figure 3b, Table 3); and the
instantaneous over-canopy pattern was considered
as an integrated method of pesticide application to
examine the intrinsic relationship between pesticide
application and its occurrence. The initial pesticide
concentration entered into the simulation files was
zero for the first year. For the following years, the
value of initial concentration corresponded to the
amount obtained by simulation on the last day of
the previous year. It is necessary to consider
possible accumulation effects in the process of
pesticide transport and fate in the surface and
subsurface environments. Table 2 shows parameters
adopted for simulation in an apple-orchard plain
catchment of Changwu Tableland.

RESULTS AND DISCUSSION
Temporal and Spatial Distributions of
Methidathion in Soils. Temporal and spatial
distributions of the simulated Methidathion
concentration levels in the soil depth of 0.003,
0.035 to 0.095 m (surface soil), 0.155 to 0.395
(subsurface soil), 0.575 to 3.505 m (deep soil) are
shown in Figure 4, respectively. In the surface soil,
occurrence of pesticide peak concentrations
depends on the timing of heavy rainfall (Figure 3a),
the pesticide application schedules and the
application quantity (Figure 3b). In general, the
peaks of Methidathion concentration in the surface
soil are also closely related to the frequency and
intensity of rainfall event in the rainy season. For
example, Figure 5 and Figure 6 show that the peak
concentration of pesticide resulted from the first
heavy rainfall after pesticide applications.
Furthermore, although the two time points of 22
September 2011and 18 February 2012 had the same
amount of pesticide application (0.078 g/m2), the
peak concentration of pesticide in February 2012 in
the surface soil depth of 0.003 was much larger
than in September 2011. This was because the
cumulative effects of pesticide from 2011 to 2012
and the different pesticide application mode (all
pesticides are sprayed on the soil surface in 18
February 2012), and this phenomenon did not
obviously occur in 16 May 2012 although there was
the same amount of pesticide application (0.078
g/m2), this was because they have the same
pesticide application mode (combined canopy and
soil surface spray). Figure 4 also indicates,
however, that although the application amount of
Methidathion at 22 August 2012 is higher than that
in 17 July 2012, the higher peak of Methidathion
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concentrations may not always be directly
proportional to the rainfall and the pesticide
application amount. Because the pesticide
application method and irrigation pattern also have
important impact on pesticide concentrations, if the
pesticide is applied by over-canopy spray and is
applied by under-canopy flow, a large portion of
pesticide may never reach the surface soil resulting
from lack of carrying water and high
degradation/volatilization rate in the plant canopy.
Thus, it can be concluded from the simulation
results that pesticide properties, pesticide
application methods (over-canopy or undercanopy), irrigation quantity, and irrigation patterns
(over-canopy or under-canopy) have significant
influence on pesticide levels in the surface and
subsurface soil during crop-growth periods. The
latest research also shows that soil pesticide peak
occurred mainly in the sub surface layer of the soil,
soil physical and chemical properties would have an
inhibit impact on vertical migration of pesticides in
soil [42]. On all accounts, the properties of
pesticides play a dominant role in their transport
and fate, which further affect their occurrence and
distribution in the subsurface system. A rainfall
event that immediately follows a pesticide
application may significantly increase the potential
of contamination to both surface and subsurface
environments due to pesticide runoff, erosion, and
leaching. Application methods of pesticides (overcanopy, under-canopy, soil-incorporated) change
their availability and environmental pathways.

conc.(mg/l)

concentration in the surface and subsurface soil
(0.035 to 1.155 m) occurred in July 2012 as a result
of the continuous rainfall and cumulative effects of
pesticide in the soil.
Figure 4 shows, respectively, that in the deep
soil there are different patterns for temporal and
spatial distributions of Methidathion concentration.
The Methidathion peaks in the deep soil (0.575 to
3.505m) practically occur late as a result of delayed
effects of pesticide transport and transformation.
The direct influence of Methidathion applications
on the simulated pesticide distributions in the
deeper soil almost disappears. It can be seen from
Figure 4 that although the concentration level is
very small, the peak concentration in August of
2011 still appears. This is mainly because vast
infiltrating water and deep percolation are mainly
induced by the heavy rainfall during 7-8 months.
Thus, the model suggests that Methidathion
concentrations in the deeper soil are heavily
influenced by deep percolation generated by heavy
rainfall in the summer. Figure 4 also indicates that
Methidathion concentrations in soil decrease
rapidly with the increase of soil depth;
Methidathion exposure levels are negligible for soil
deeper than 0.705 m in 2011 and 2012. Therefore,
the cumulative and delayed effects appear gradually
and strengthen with the increase of soil depth,
simultaneously, the rainfall intensity and duration
play an important role for pesticide deep leakage.
In general, a heavy rainfall after pesticide
application may produce a high pesticide
concentration
level.
However,
the
peak
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FIGURE 4
The simulated Methidathion concentration levels for different soil depths (0.003m-3.505m)
in apple orchard of Changwu Tableland from 1 January 2011 to 31 December 2012
of Methidathion concentration. In addition to
cumulative and delayed effects, the irrigation flow
can bring a certain amount of pesticide residues into
nearby waterbodies after the pesticide application;
pesticide levels of in the surface runoff can reach a
high value even for a relatively small amount of
surface runoff. This phenomenon has been also
observed in the USGS monitoring work. Therefore,
irrigation management also plays an important role
in the transport and fate of pesticide during seasons
with little rainfall. Additionally modeling results
show that that pesticide levels in the surface runoff
may short-term exceed the water-quality standard
for aquatic life in 2012, so people in the Changwu
tableland should pay more attention to the pesticide
contamination from apple-orchard areas.

Methidathion Contamination from Surface
Runoff. Figures 5a and 5b show the temporal
changes of surface runoff and pesticide runoff in an
apple-orchard catchment from January 1, 2011, to
December 31, 2012, respectively. Comparison of
Figures 5a and 5b shows that the peak of the
surface runoff and the peak of pesticide runoff have
not always a uniform trend. This main reason is that
Methidathion has a weak water-soluble property
and so it is not easy to disperse by surface runoff.
Therefore, the rainfall runoff is an important factor
for the transport of Methidathion in the surface
environment, and the pesticide properties also play
an important role in its transport and fate, which
further affect its distribution in the subsurface
system. Figure 5b also shows that the largest
surface runoff is not consistent with the peak value
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FIGURE 5
Rainfall-runoff amount and pesticide (Methidathion) runoff amount for all simulation days in
an apple orchard: (a) daily precipitation and surface runoff; (b) surface runoff and pesticide runoff
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Besides, it can also be seen that the pesticide runoff
amount is almost no relationship with the pesticide
erosion amount; the surface runoff and soil erosion
don¶t have the similar carrying effects on pesticide
transport and fate in surface and subsurface
environments. Generally speaking, the above
simulation results demonstrate that occurrence and
distribution of pesticides in the environment are
dominated by their types (properties) and their use
(application quantity and frequency, application
timing, and application methods), and are also
affected by a number of other natural and
anthropogenic factors, such as hydrology, surface
topography, soil, land covers, hydrogeological
settings, and meteorological condition.

Methidathion Contamination from Soil
Erosion. Figure 6a shows that heavy rainfall and
long rainfall duration generate a large amount of
soil erosion. Figure 6b indicates that the pesticideerosion amount is mainly related to the soil erosion
intensity and amount. It can be seen that the largest
amount of soil erosion did not generate the largest
pesticide-erosion amount, this is mainly because the
cumulative and delay effects of the pesticide
content in soil. However, the continuous heavy
rainfall from July to August resulted in the
continuous loosening of soil particles, these
loosened soil particles were transported with the
scouring effect of storm runoff, the corresponding
pesticide-erosion amount also quickly increased at
the beginning of September 2012 and reached the
peak value due to the cumulative effect of pesticide.

15
1-Jun-2011

1-Nov-2011

1-Apr-2012

1-Sep-2012

FIGURE 6
Soil erosion amount and pesticide (Methidathion) erosion for all simulation days in an apple
orchard: (a) daily rainfall and soil erosion; (b) soil erosion and pesticide erosion
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FIGURE 7
Pesticide distribution for the plant canopy zone and the soil surface in an apple-orchard area (a) initial
canopy pesticide storage, (b) canopy pesticide application, (c) canopy pesticide
decay/volatilization, (d) canopy pesticide wash off, (e) final canopy pesticide storage,
(f) direct soil surface pesticide application

pesticide levels in the surface and subsurface
environments. Suggested practices for water quality
control related to pesticide diffuse pollution can be
carried out by adopting the following strategies:
Reduction in dose of pesticides applied,
implementing bans on certain active ingredients
that are very harmful, training and licensing of
individuals that apply pesticides, improved
scheduling of pesticide application to more
effectively meet crop needs and to reduce
preventative spraying, testing and approval of
spraying apparatus, limitations on aerial (aircraft)
spraying, implementation of environmental tax on
pesticides, promoting the use of mechanical and
biological alternatives to pesticides. Pesticide
pollution control is a time-consuming and
expensive thing [43], prevention is the first priority.
The comprehensive management of water±soil±
pesticide±crop system in a small catchment is one
of the effective methods for controlling soil erosion
in the Loess Plateau.

Pesticide distribution for the canopy zone
and the soil surface. Figure 7a to 7f shows
temporal changes of pesticide distribution for the
canopy zone and the soil surface in an appleorchard catchment of Changwu Tableland from
January 1, 2011 to December 31, 2012,
respectively. The overall mass balance of pesticide
in the plant canopy zone and the soil surface
indicates that pesticide distributions are closely
related to the rainfall distribution and pesticide
application modes. Figure 7d shows that canopy
pesticide washoff is more closely related to the
rainfall intensity and rainfall duration. The
persistent heavy rainfall in July and August 2012
had a key role in the high washoff rate. Figure 7f
indicates that direct soil surface pesticide
application is mainly related to pesticide application
amount and application modes.
Suggested Practices for Pesticides. Pesticide
applications (i.e., when, where, and how they are
applied) and irrigations (i.e., when, where, and how
irrigations are done) have significant influence on
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CONCLUSIONS
1) The physically based IPTM-CS model,
which considers different pesticide application
methods and irrigation modes, is used to simulate
and evaluate temporal and spatial distributions of
pesticide in canopy-soil systems of an appleorchard tableland catchment from January 1, 2011,
to December 31, 2012. Results indicate that the
model can simulate one-dimensional, three-phase
environmental transport and fate of pesticide from
orchard areas characterized by different rainfall and
irrigation conditions, and the integrated modeling
techniques on environmental transport and fate of
pesticide in canopy-soil systems is a simple and
effective tool for quantifying vertical risk areas and
assessing contamination load rates.
2) The hydrology-weather conditions and
irrigation management measures are important
factors for significantly affecting contaminant load
rates. The exposure levels (occurrence and
distribution) of Methidathion residues in subsurface
and surface environments are dominated by rainfall
conditions, agricultural practices, hydrogeological
and hydrodynamic conditions, irrigation patterns,
pesticide properties, and pesticide applications.
From a methodological point of view, the obtained
results confirm that the IPTM-CS model is well
applicable in simulating pesticide concentration
levels in the tableland region of the Loess Plateau.
3) The achievement of this study may be used
as the basic data for identifying effective pesticide
management strategies to mitigate the pesticideinduced diffuse pollution. The integrated model
could be designed as an integrated water±pesticide±
crop±soil management system to prevent and
control pesticide pollution in subsurface and surface
environments of different agricultural areas in the
Loess Plateau. Therefore, the study of pesticide
migration and transformation process in subsurface
environments may provide theoretical support for
pesticide application and agricultural management
in the Loess Plateau, this will also be of great
significance for protecting aquatic ecosystems and
further avoiding the deterioration of water quality
by the corresponding policies and measures.
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ENHANCED DECOMPOSITION OF COKING WASTEWATER
IN RELATION TO TOTAL ORGANIC CARBON USING
THREE-DIMENSIONAL ELECTROCHEMICAL REACTOR
WITH COKE ELECTRODES
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There are presently quite a few conventional
methods to deeply treat coking wastewater, but the
outstanding methods could not be obtained.
Three-dimensional electrochemical reactor, as a
new type of electrochemical processing device, has
been paid more and more attention to recently in
the wastewater treatment field for its larger specific
surface area, better transfer effect, higher current
efficiency and space time yield [6~8]. Meanwhile,
in three-dimensional electrode reactor, particle
electrodes effectively increased electrode surface
area and reduced the migration distance of reactants,
accordingly appropriate particle electrode directly
affects the speed and efficiency of pollutant
degradation [9]. Therefore, three-dimensional
electrode reactor has been applied to removing
refractory pollutions in coking wastewater, and
favorable effects could be gained under some
operation
conditions.
However,
most
of
investigators have presently focused on reaction
mechanism and generation process of reaction
intermediate, and comparatively little investigation
has been made in terms of influence on various
operation factors [10-12].
In addition, activated carbon, as a electrode
particles material, is common to applied in the
electrochemical reactor, nevertheless its large-scale
application is presently irrealizable because of high
cost [13]. Meanwhile, the physicochemical
properties of the abandoned coke was little
difference compared with regular coke, and there
were quite a few favorable characteristics in the
cokes, including high content of fixed carbon and
low content of ash and volatile, etc. [14].
Therefore, in this experiment, enhanced
treatment of coking wastewater was carried out
under various factors, which included electrolysis

ABSTRACT
Cokes, as filler materials, were filled in a
three-dimensional electrochemical reactor, which
was applied to enhanced treatment of coking
wastewater in this study. And the experiments were
carried out under various operation conditions.
Results indicated that saturated cokes could be
effectively come into service as a favorable
catalytic electrode, which would increase the
removal efficiency of total organic carbon from
coking wastewater. Meanwhile, at pH of 3, coke
size of 10~20 mesh, dosing quantity of 200ml,
current density of 11.83mA/cm2, and electrode
spacing of 1.0cm, the residual TOC in the
electrochemical reactor was removed by
approximately 75% in 60 minutes. In addition, the
surface characteristics of coke before and after
experiments by Scanning Electron Micrographs
(SEM) had been identified. Relying on the results,
it could be assumed that unused cokes were
appropriate as filled electrode because of its
compact structure, high crystallinity and proper
porosity. By contrast, the surface characteristics of
cokes changed remarkably after experiments.

KEYWORDS:
coking wastewater, coke, electrolysis time, electrolytic
current, electrode spacing

INTRODUCTION
Coking wastewater is generally acknowledged
as refractory degradation polluted water, and its
advanced treatment is also intensely difficult [1~5].
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coking plant in Zhangjiakou city of Hebei province.
The composition of the coking wastewater used in
all experiments was shown in Table 1.

time, electrode spacing, current density, etc.
Meanwhile, three-dimensional electrochemical
reactor filled with cokes was applied to treat
residual TOC of coking wastewater. The object of
the experiments was to obtain the qualified treated
water, in hope of providing the basis on the
popularization and application of this technology.

RESULTS AND DISCUSSION
Influence of electrolysis time. As is shown in
Fig 2, the removal rates of TOC with two and
three-dimensional systems kept a rapid growth with
the increase of retention time in the first 60min and
became flat in the last 40min. At 60min, the TOC
removal rates could reach 73.2% and 69.8%,
respectively. However, the three-dimensional
electrode system exhibited better removal efficiency
than two dimensional. In summary, the experimental
retention time for the TOC removal with
three-dimensional system was considered to be
60min. Through this retention time, energy
consumption could be remarkably decreased
compared with 100min, therefore, the results of 60min
should be taken for running condition and
three-dimensional electrolytic experiment should be
only carried out in the following experiments. In
addition, Fig.2 also showed the prolonged retention
time after 60min had little effect on the residual TOC
degradation efficiency, because nearly all the total
organic carbon in the wastewater which could be
degraded have already been decomposed within
60min in two electrolytic systems.

MATERIALS AND METHODS
The electrolytic system. The electrochemical
device consisted of the electrolytic cell, electrode
plates and DC power supply. The electrolytic cell
was made of synthetic glass, with a dimension of
140mm × 90mm× 130mm and an effective volume
of 1.3L. Tests of electrolysis were carried out using
an electrolytic device consisting of stainless steel
cathode plates and titanium anode plates coated
with noble metals which including Ru, Ir, etc. The
specification of each plate is 130mm × 65mm
×1mm. Meanwhile, the cokes were uniformly filled
in the electrolytic cell. Before the experiment, the
coke sample was dried at 378 K in an oven for 2 hours
and then immersed in the coking wastewater for 12h
to avoid the effect of absorption. The schematic
diagram of main apparatus is shown in Fig. 1.
Influent quality. Wastewater for this study
was fed from secondary sedimentation tank in a

 


  

   





  


  
 


FIGURE 1
Schematic diagram of the experimental apparatus
TABLE 1
Characteristics of wastewater used in the experiments
Parameter
pH
Total organic carbon˄TOC˅
Chloride ions

Unit
mgL-1
mgL-1
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Concentration
5.9~6.7
182.3~230.9
280.6~312.5
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FIGURE 3
Influence of current density on TOC removal rate
(When electrolysis time was 60min, electrode
spacing 1cm, coke size 10-20mesh number, pH 3
and dosing quantity 200mL)
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FIGURE 2
Influence of electrolysis time on TOC removal
rates (When current density was 11.83mA/cm2, pH
3, coke size 10-20 mesh number (only three
dimensional), dosing quantity 200mL (only three
dimensional) and electrode spacing 1cm)

70

70

2.96mA/cm
2
5.92mA/cm
2
8.88mA/cm
2
11.83mA/cm
2
14.80mA/cm

 time/min
Electrolysis

FIGURE 4
Influence of coke size on TOC removal rate
(When electrolysis time was 60min, electrode
spacing 1cm, current density 11.83mA/cm2, pH 3
and dosing quantity 200mL)
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FIGURE 5
Influence of dosing quantity on TOC removal rate
(When electrolysis time was 60min, electrode
spacing 1cm, current density 11.83mA/cm2, pH 3
and coke size 10~20mesh)

Influence of current density. As is shown in
Fig.3, the removal rate of TOC could reach to
61.28% by the electrolysis when the current density
was 11.83mA/cm2 and increased quickly with
increasing of current when the current density was
less than 11.83mA/cm2, but it was decreased if the
current density exceeds 11.83mA/cm2 with the
increase of temperature. This is because along with
the enhancement of the current, the reaction
driving-power and the electric energy consumption
increased, as well as the TOC removal rate. But
there exist removal and energy inputs requirement
extreme for pollutants in fixed bed. For the input
energy is under the extreme circumstance, there is a
higher removal efficiency and better redox reaction,

with the input energy increases. On the contrary,
with the increasing of input energy, instead of
removal efficiency increasing, adverse reactions
happened and the current efficiency decreased.
Thus the proper current of the experiment was
11.83mA/cm2.
Influence of particle size. Fig 4 showed the
effects on TOC decomposition efficiency of coke
with sizes of 5 mesh, 5-10 mesh, 10-20 mesh and
20-40 mesh, respectively. The decomposition
efficiency of TOC increased with the decrease of
coke size except for 20~40 mesh and the TOC
decomposition efficiency at 20~40 mesh was very
low, only 30.53% in 60 minutes. In contrast, the
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TOC decomposition efficiency of 10-20 mesh was
72.93% in 60 minutes, which was the highest
removal rate among these tests. This is because
many small particles put into the three-dimensional
electrode system formed charged microelectrodes
under the influence of electric field. Cokes at 10-20
mesh may have larger effective electrode area to
improve the current efficiency of electrolysis, and
could avoid the by-path current and short-circuit
current coming from cokes at less than 5 mesh. In
conclusion, the optimal coke size was 10-20 mesh.

maximum about 72.23% when the electrode
spacing was 1cm, which is obviously influenced by
electrode spacing. The smaller the plate spacing, the
more the current on the electrode, and the higher
the concentration of H2O2 and ·OH which influence
the degradation of organic matters. With the plate
spacing become too small, the current on the
electrode decreased rapidly as the generation of
spark in the reaction process and increasing
electrode resistance, the electrolysis was reduced.
With the plate spacing increasing, there would be
higher system resistance that resulted in a decrease
of removal rate. As the influence of current on the
removal of TOC, the reason comes down to
whether the input energy is the extreme energy.
Fig.3 indicates that the input power is approach to
the extreme power mostly when the plate spacing is
1cm.

Influence of dosing quantity. As is shown in
Fig 5, the curves of removal rates exhibited
complicated variation tendencies at various dosing
quantities except for 200ml, but all things
considered, the removal rates of TOC increased
with the retention time at various dosing quantities.
Meanwhile, the TOC decomposition efficiency
always increased with the retention time while
dosing quantity was 200ml, and it could reach a
maximum of about 67.95% at 60min. When the
dosing quantity was more than 200ml, the removal
rates of TOC decreased ultimately. It is because the
electrode surface area enlarged with the increase of
the coke, and thus the electrolysis efficiency
decreased. Meanwhile, the accumulated organic
molecules on electrode helped to increase the speed
of degradation, whereas excessive coke could lead
to worse treatment effect, e.g. the increased
short-circuit current [20]. So the optimal dosing
quantity was identified as 200ml.

Influence of pH. As is shown in Fig.7, the
removal rate of TOC kept a rapid growth with the
increase of retention time in the first 60min and
become flat in the last 10min at various pH. The
curves of removal rates exhibited similar
variation tendencies, too. Meanwhile, Fig.7 also
showed that the removal rate of TOC reached a
maximum of about 64.73% while the pH was 3 at
60min. The results indicated that the cathode could
generate many strong oxides to oxidize residual
TOC at pH 3 in 60min. Therefore, the pH should be
controlled around 3 to achieve the best removal
effect. In addition, the pH lower or higher than this
value may result in many side reactions.
Accordingly, the pH needed to be adjusted.

Influence of electrode spacing. As is shown
in Fig. 6, the treatment effect of TOC reached a
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FIGURE 6
Influence of electrode spacing on TOC removal
rate (When electrolysis time is 60min, current
density 11.83mA/cm2, pH 3, coke size 10~20 mesh
number, dosing quantity 200mL)
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FIGURE 7
Influence of pH on TOC removal rate
(When electrolysis time is 60min, current density
11.83mA/cm2, electrode spacing 1cm, coke size
10~20 mesh number, dosing quantity 200mL)
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(b)

(a)

FIGURE 8
SEM on coke powder that was used before and after experiments (a: before, b: after)

Course of chemical reaction. During
electrolytic reaction, O2 was generated by the anode
and DO in wastewater generated H2O2 at the cathode
[15, 16].
(1)
O2  e o O2 
O2  H  o H 2O 

(2)

2H 2O o H 2O2  O2

(3)

CONCLUSION
In
this
study,
three-dimensional
electrochemical reactor with Cokes filler was
applied to deeply treat coking wastewater. A
multitude of experiments were carried out under
various operation conditions. Meanwhile, at of 3,
coke size of 10~20 mesh, dosing quantity of 200ml,
current density of 11.83mA/cm2, and electrode
spacing of 1.0cm, the residual TOC in the
electrochemical reactor was removed by
approximately 75% in 60 minutes. The surface
characteristics of coke before and after experiments
by Scanning Electron Micrographs (SEM) had been
identified. Results showed that coke was
appropriate as filled electrode because of its
compact structure, high crystallinity and proper
porosity.

Another course of chemical reaction may
possibly happen,
(4)
O2   H 2O o O2  H 2O 
H 2O   H  o H 2O2

(5)

and HO·, hydroxyl free radical was generated
further by H2O2.
(6)
H 2O2  e o HO   HO 
Accordingly, HO· could oxidize organic
compounds and the overall reaction occurring in the
anodic solution.
Morphological characterization of coke. As
is shown in Fig.8(a), there was dense and high
crystallinity structure on the surface of unused coke,
and quite a few graphite carbon in fibrous form
could be found. Meanwhile, some pores streakily
distributed on the surface. In Fig.8(b), there was
lots of dirt formation on the surface after
electrolysis, but the basic surface morphology
remained unchanged. Accordingly, it showed coke
could keep stable in reaction process as filler
particle, and the surface area would also keep stable,
which could ensure favorable treatment result for
pollutions. However, some insoluble salts, were
found on the surface of used coke, may be
generated by dirt in electrolysis. Accordingly, cokes
needed to be regularly descaled to ensure the
application effects.
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according to recent statistics, production and
commercial volume of these tanning materials had
decreased [4].
On the other side, rising demand to eco-leather
products that have natural appearance and feel, leads
a significant increase in terms of vegetable tannin
use around the world [5]. In consequence,
considering the decreased tannin production in
Turkey, determination of different tannin sources
available in Turkey, with suitable leather tanning
properties, and investigation of the characteristics of
tanned leather with these tannins become more of an
issue.
Pomegranate fruit is one of the most promising
tannin sources asTurkey holds127,760 million tons
of global pomegranate production Approximately
48% of total weight of the pomegranate is formed
from rind while 52% of this weight is edible fruit
partand both
include high levels of tannins
[6,7].Despite a number of studies conducted in
different disciplines its application in leather
production is scarce [8] and limited to historical
Moroccan leather archives [9] and another study
where utilization of all parts of the tree as tannin
source for curing Morocco leather was reported[10].
Based on the abovementioned points, this
research was conducted with the aim of
determination of tannin content of pomegranate
produced in Turkey, investigate its application
possibilities in tanning processes, improve
utilization ofnational tannin sources and
development of an alternative vegetable tanning
substance that may be used in the environment
friendly leather production.

INTRODUCTION

MATERIAL AND METHOD

Tannins are naturally occuring water-soluble
polyphenols found in plants [1]. Tannins can be
easily extracted with water and product properties
can be enhancedby modification, for an appropriate
industrial use.
In the leather sector agreat deal of vegetable
tannins are used as tanning material [2, 3]. Acorn,
nutgall, folium rhois coriariae and calabrian pine
barks are accepted as tanning materials specific to
Turkey. These raw materials are important for
domestic and foreign leather industry, however

Material. In this paper, the pomegranate fruit
(Punica granatum) rind extract (PE) with 95% dry
matter, that was supplied from a company producing
herbaldrugs was used as material. A conventional
apparel leather tanning recipe was carried out using
3 pickled sheep skins in order to investigate PE¶V
tanning properties.

ABSTRACT
The tannins are polyphenolic components that
are available at leaf, fruit, body and rind of the plants.
They also find many applications in different fields
in the industry depending on their chemical
structures and the plant properties that they are
obtained.
There are many tannins used in the leather
production as a tanning material. These tannins used
in plant tanning or combined tanning procedures
both minimize environmental effects of tanning
procedure and allowfor eco-leather production.
In this paper, tannin analysis was conducted on
the plant extract in the powder form that was
obtained from the rinds of pomegranate (Punica
granatum) fruit brought up in Turkey and its
usability as a tanning material in the leather sector
was investigated. With this aim, pickled native sheep
skins were used and the tanning processes were
conducted in accordance with apparel leather
production. The relevant physical tests and chemical
analyses were carried out and compared to standard
values.
The research results revealed out that
pomegranate rind extracts including averagely
37.2% tannin content are usable as tanning material,
but it is required to modify and enhance its properties
as vegetable tanning.



Method (1)PETannin Analysis. Quantitative
tannin analyses of PE were performedby the filter
method in accordance with TS EN ISO 14088
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standard [11]. The total solids, soluble matter, and
non tannins in PE were determined.

(5) Chemical Analyses. The chemical analysis
of the leathers for pH [19], total sulphated ash and
water-insoluble
sulphated
ash
[20],
dichloromethane-soluble substance [21], volatile
substance [22], nitrogen and skin substance with
Kjehldahl titrimetric method [23], water-soluble
substance, water-soluble inorganic substance,
soluble organic substance [24] and tannin amount
were conducted according to the relevant standards
[25].

(2) Processing the Leather Material±Process
Applications. The pickled skins were divided into
two equal parts by cuttingalong backbone. After
conventional depickling, degreasing and pickling
processes, PE extract solution were introduced to
skins with various amount of PE solution, such as
PEІ -15%, PEЇ - 20% and PEЈ-30%according to the
recipe (Table 1).Post- tanning processes were carried
out in accordance with a conventional garment
leather recipe.

RESULTS AND DISCUSSION
(3) Measurement of hydrothermal stability
of leathers. The shrinkage temperature of PE tanned
leathers were determined according to TS 4120 EN
ISO 3380 [12] with a 3:1 glycerol: water mixture
solution.

Tannin Analyses. The main significant factor
for potential industrial application of a plant is the
tannin content.Tannin analysis was conducted on the
pomegranate rind extract that was the research
material and the results are given at Table 2.
As PE extract is obtained from PE pomegranate
fruit rindsits tannin content was compared with the
plants in the same group. The tannin contents of
related extracts are 12% for birch, 10% for oak and
hemlock, 35% for mimosa, 36% for mangrove, 48%
for mallet and 10% for willow [26].
PE containsapproximately 37.2% tannin and
when this value is compared with the tanning

(4) Physical Tests. The leather samples were
taken from sampling locations as stated at TS EN
ISO 2418 [13] and conditionedaccording to TS EN
ISO 2419 [14]. Determination of thickness [15],
tensile strength and expansion percentage [16],
double edgetearing load [17], single edge ± tearing
load [18] tests were performedin order to determine
the quality of t PE tanned leather samples.

TABLE 1
Tanning process for PEІ,PEЇ, PEЈ
Process

Product

Amount (%)
PEІ

Tanning

PEЇ

PE

PEЈ
Sulphited fish oil
PEІ
PE

PEЇ
PEЈ

Time

7
10
12.5
1

30 min.

8
10
12.5
180 min.

Phosphorester, synthetic oil
Formic acid

1

In the drum at the automatic cycle in the night
Naphthalene syntan, egalizator
Formic acid

1
1

20 min. pH:3.5
240 min.
60 min..

TABLE 2
Tannin analysis results of PE



Parameter

Quantity

Water-insoluble substance (%)
Water-soluble substance (%)

27.9
72.1

Tannin (%)

37.2

Non-tannin water-soluble substance (%)

34.8
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contents belonging to plant rinds in the same group,
its usability as tanning material points out a level.

PE tanned leather samples vary between 1.7%
and 2.1%. These values take place within the limit
values indicated for apparel leathers.
Fat content of the leathers has effect on its
physical properties. The fat given during processing
of the leathers allows for that leather fibers slip over
each other and the fibers are strengthened and show
much more softness. But it is foreseen that every
leather type includes fat at a specific amount. This
value is 4-10% at the apparel leathers tanned with
chrome and 3-12% at the vegetable tanned leathers
[28]. At PE tanned leathers, this value was 7.3%,
6.3% and 9.2% for PEІ,PEЇ and PEЈrespectively.
Another property that is investigated for
characterization of the leathers is the leather
substance. The term of leather substance refers the
fibrillary proteins calculated over the total nitrogen
in other words collagen [28]. The standard values
scope accepted for vegetable tanned leathers is
known as 50% [29]. When results of the leather
substance belonging to the samples in Table 2 are
reviewed, it is seen that the highest value belongs to
the sample at which 15% PEІas used and it was
64.6% and this meets the minimum acceptable value.
Samples tanned withPEЇ(20%) and PEЈ(30%) meets
the expected level with 63.7% and 61.9%.
Calculation of degree of tanning,this practice
may be used to determine non-protein or nonnitrogen containing organic matter in leather which
is not extractable with water or hexane. Examples
would be vegetable tannins and acrylic
lubricants.This practice covers the determination of
the combined tannin and nonextractable organic
resins and the degree of tanning of all types of
vegetable-tanned leather and leather with organic
retannages [30].
Along with that this value is accepted as a
tanning criteriafor vegetable leathers, it is not desired
that bound tannin amount is so high. Because
excessive vegetable tanned leathers gain a hard and
firm structure. This value is to be at a specific level
especially at the leathers that softness is requested
such as apparel leathers. At the valex-aluminum
tanned clothes, this value was stated as averagely
21.81 [28].
The highest value in terms of determination of
tannin amount at the leather samples obtained in this
paper belongs to PEЈ e with 36.6%, followed by to
PEЇwith 34.4% and PEІwith 36.1%.
WhenpH values ofleather samples are
analysed, it is observedthat these values vary
between 4.7 and 4.9. It was stated that pH of various
sources for apparels is to be under 3.5 [28].
Accordingly, it is understood that the leathers tanned
with PE has not sufficient pH value.

Hydrothermal stability of leathers. It is
known that shrinkage temperature of the collagen
protein is generally accepted as an empiric
measurement of the tanning temperature or
transformation temperature of raw leather to end
product. The shrinkage temperature of the end
product leather varies depending on type and rate of
the tanning and retanning substances used in the
processing and is accepted as an indicator of
stabilization of collagen fibers [27]. Therefore, one
of these physical tests applied to PE tanned leathers
is determination of shrinkage temperature and this
test is an important factor for determination of
tanning temperature. The shrinkage temperature of
the leather that is not subjected to any procedure
varies between 60 and 65 °C and this temperature is
between 40 and 60 °C at the tola. This value is 70-80
°C at the vegetable tanned leathers, 75-85 °C at the
chrome tanned leathers and 60-70 °C at the semitanned leathers [28]. The shrinkage temperature was
determined as 79 oC at the 15% PE tanned leathers,
75 oC at the 20% PE tanned leathers and 74 oC at the
leathers that 30% PE was used and these values are
comply with the values stated in the literature for
vegetable tanned leathers.
Along with that, the performance and
resistance criteria that an end product leather will
show during its usage are determined with tearing
resistance and it is known that the cohesive strength
between the leather fibers are very effective [29].
Physical Tests. The thicknesses of leather
samples were determined as 1.35, 1.47 and 1.10 mm
for PEІ,PEЇ and PEЈ, respectively. These values are
in conformity with the thickness values between 0.5
and 1.2 mm that were reportedfor apparel leathers at
various resources [28].
In the research, highest tensile strength and %
elongation values belong to PEІ and PEЇ with 6.3
N/mm² shrinkage and 71.6% and 85% elongation
values and the lowest values belong to PEЈ with
4.9N/mm² shrinkage and 34.8%. When double and
single edge tear tearing load results are reviewed, it
is seen that the highest value again belongs to PEІ
with 23.5N and 7.0N. It is known that elongation
values are to be maximum 80% for apparel leather
[29] but these values took place between these values
at every three leather samples. The shrinkage
resistance values foreseen by UNIDO for vegetable
tanned apparel leathers are 100-250 daN/cm² [29].
The leathers tanned with PE meet these values in
terms of quality.
Chemical Analyses. It is known that the ash
amount remained following the removal oftanning
substances has to be 2% maximumforapparel
leathers [28]. Total sulphated ash analysis results of
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CONCLUSION

ACKNOWLEDGEMENT

Today, the tendency to the ecologic products in
textile and leather clothing sector has been
increasing and the clean production technologies are
preferred. The priorities of the consumers in the
product selection are natural or organic products that
do not include hazardous chemical substances.
Therefore,vegetable tannin demand of the
leather sector producers has increased compared to
the mineral tanning materials. But it was stated in the
UHSRUWV¶ GDWDWKDWthe existence of plants and trees
being a tannin source had decreased in Turkey.
Therefore within the scope of this paper, it was
aimed to reach important outputs from which will be
benefited in many ways with review of new tannin
sources and vegetable extract obtained from
pomegranate rinds was selected as the target. Tannin
analysis was conducted on PE and tanning content
was determined as 37.2%. By aiming apparel leather
production from native sheepskins, PE was used at
the tanning process and physical tests and chemical
analyses were carried out on PE tanned leather
samples. The results of the tests and analyses were
compared with standard values. Pursuant to these
results;
x The pomegranate rind extract has the potential
of being a new tannin source due to its tannin
content,
x It has binding capability with the skin at the
tanning process and tanning effect,
x But its penetration and fixation to the skin is
not sufficient and a great amount of tannin is
washed out from the skin at the washings and
a great amount of tannin remained at the float,
x The speed of reaction with the skin is poor,
x A significant difference was not observed in
terms of obtained leathers in case of use at
increasing rates as 15%, 25% and 30% over the
skin weight,
x It was observed that it gives light yellowbrown colors to the leather at the end of the
tanning and it has increasing effects on the
color intensity after the dying procedure.
Primarily, PE used in this study is not a plant
extract that is aimed to be used as tannin material for
tanning experiments. Therefore according to the
research results, the abovementioned drawbacksmay
be supported with modification studies devoted to
production of the extract as vegetable tanning.
Besides that, exhaustion of PE tannin may be
enhanced by developing high exhaustion tanning
systems for PE in further studies. According to the
research data; it is foreseen that extract obtained
from pomegranate rinds is an alternative tannin
source for leather production that may be produced
in Turkey.
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documented [10,11]. Utilization of such metal
nanoparticles in the control strategies of other
pathogenic fungi is not impossible [12].
Some species of the Aspergillus genus; from
different origins have frequently been used in mycosynthesis of metal nanoparticles, due to its economic
importance, ease of cultivation on laboratory media,
and prevalence in the natural environment [13-16].
A non-aflatoxigenic isolate of A. clavatus used
in this study is originally isolated from popcorn
grains [17] and subjected to Ag NPs synthesis.
Moreover, bio-synthesized Ag NPs was then
evaluated against C. sphaerosporium. The latter
fungus is a cosmopolitan airborne and has been
known as an infectious and allergenic anthropologic
fungus [18,19].

ABSTRACT
The bio-synthesis of silver nanoparticles (Ag
NPs) was investigated using non-toxigenic isolate of
Aspergillus clavatus. The fungus used in this study
was seed borne and isolated from popcorn grains.
Identification and characterization of biosynthesized Ag NPs were achieved by the aid of
spectroscopic techniques. The antifungal properties
of such Ag NPs were also checked in the
Cladosporium sphaerosporium. The X ray
diffraction (XRD), Energy Dispersive Spectroscopy
(EDS), Transmission Electron Microscopy (TEM),
and Optical absorption measurements were
confirmed the bio-synthesis of Ag NPs. The in vitro
antifungal activity test of bio-synthesized Ag NPs
was also proved in this study.

KEYWORDS:
Cladosporium
sphaerosporium,
popcorn, Antifungal activity.

MATERIALS AND METHODS
Nanotechnology,

Biomass and fungal filtrates. Synthetic
Autoclaved broth composed from (g/L): KH2PO4
7.0g; K2HPO4 2.0g; MgSO4.7H2O 0.1g;
(NH4)2SO4 1.0g; yeast extract 1.0g and glucose
15.0g; was used for biomass production. A. clavatus
isolate originally isolated from popcorn grains [17]
was used for synthesis of Ag NPs. An Erlenmeyer
flasks 250-ml each containing 100 ml of the
mentioned medium were inculcated with the fungal
isolate. An inoculated broth was incubated for 5 days
at 28±2ºC in 180 rpm of shaking. At the end of
incubation, Whatman filter paper No.1 was used to
separate fungal biomass that was immediately
washed with deionized water. Extensively washed
biomass was then transferred to 100 ml of deionized
water in 250 Erlenmeyer flask for further incubation.
After 72 hours in the 140 rpm orbital shaker, the
biomass was filtered again with Whatman filter
paper No. 2. The obtained cell-free filtrate was
subjected to Ag NPs bio-synthesis [20].

INTRODUCTION
The most recent eco-friendly way for
fabrication of nanoparticles is the one that uses
biological and microbiological sources. Biosynthesized nanoparticles could replace the
chemically and/or physically fabricated ones in the
industrial, medical and agricultural purposes [1].
The myco-synthesis have recently been
considered one of the cost-effective, easy and
ecofriendly sources of Ag NPs [2,3]. Number of
fungal species belonging to Aspergillus, Fusarium,
Penicillium, Phoma and Trichoderma have been
reported to use as Ag NPs myco-synthesizers [4-7].
Number of phytopathogenic fungi were
recently incorporated into the nanotechnology field
[8,9]. Bio-synthesis of antimicrobial active metal
nanoparticles from such fungi have also been
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fungus were daily recorded and growth inhibition
was then calculated.

Bio-synthesis of Ag NPs. A mixture of 1.0 mM
silver nitrate solution and cell-free filtrate (1:1) was
kept for reaction in the 200 rpm rotary shaker at
28±2°C in the dark. Treatment along with the control
were investigated for any color change. When the
reactive mixture changed into yellowish color, the
solution was centrifuged at 10,000 rpm for 14 min.

RESULTS AND DISCUSSION
Detection of Ag NPs. Due to the reaction of
silver nitrate with the fungal filtrates, mixture color
was gradually changed into yellowish within 2 days
of incubation (Figure 1). Such color change is the
first indicator in the bio-synthesis [5]. Surface
Plasmon resonance (SPR) of Ag NPs in the visible
region may be responsible for such color change
[21]. The extracellular fungal enzymes such as
nitrate reductase reported to regulate the reduction of
silver ions into Ag NPs [20,22].

Detection and characterization of Ag NPs.
The pelleted phase obtained by centrifugation was
dried in the oven at 60 ºC for 24 h prior to the energy
dispersive spectroscopy (EDS), and X-ray
diffraction (XRD) assays. Before TEM and UV-VIS
measurements the Ag NPs were dispersed in 1 ml
double distilled water and sonicated for 1 h prior to
TEM using 740 and 740X Ultrasounds Sonicator.
The analysis of Ag NPs metallic nature was
investigated using the XRD (An X Pert Pro
diffractometer used Cu-KD radiation at 40 KV and
40 mA). Scans were typically performed over a 2T
ranged from 10º to 85º at a speed of 0.02/s, with an
aperture slit, an anti-scatter slit, and a receiving slit
of 2 mm, 6 mm, and 0.2 mm, respectively. X-rays
Cu-KD wavelength was (1.54056 Å). EDX
combined with SEM was used in the quantification
and compositional analysis of Ag NPs. The surface
morphology of Ag NPs was investigated by the aid
of SEM (EDX, JEOL model JSM± 6380). Optical
absorption of Ag NPs solution was also performed
using
UV-VIS;
Shimadzu
3101
PC
spectrophotometer. The measurements were
performed at 300 ±900 nm wave length range, and
the incident photon flux was normal to the surface.
The confirmation of Ag NPs was finally performed
using the TEM (JEOL1010).

FIGURE 1
Color change as an indicator in the Ag NPs
biosynthesis.
Characterization of Ag NPs.
XRD Analysis. Crystalline nature of biosynthesized Ag NPs were confirmed using X-ray
diffraction analysis (Figure 2). Clearly pure polycrystalline of Ag NPs was recorded. All reflections
proved the existence of pure silver metal with facecentered-cubic symmetry [5]. The presence of
crystalline Ag NPs was agreed with the findings of
Li et al [13]. They reported that the crystalline Ag
NPs were synthesized by A. terreus.

Antifungal test of Ag NPs. Concentrations of
50, 100, 150 and 200 ppm of Ag NPs solution were
incorporated into the PDA just before pouring into
sterilized 90-mm Petri plates. Four millimeter plugs
of C. sphaerosporium were cultured in the Ag NPs
supplemented PDA plates. Triplicated plates per
treatment along with untreated control plates were
incubated at 28±2°C. Colony diameters of examined

FIGURE 2
XRD of bio-synthesized silver nanoparticles.
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The crystalline with face-centered-cubic structures
of Ag NPs have also frequently been reported
[23,24]. The average grain size (D), dislocation
GHQVLW\ į DQGVWUDLQ İ RIELR-synthesized Ag NPs
(Table 1) were calculated using the following
equations: :KHUH ȕ LV WKH IXOO ±width at half ±
PD[LPXPRISHDNVDQGȜLVWKH;-ray wavelength.

TABLE 1
Particle size, dislocation density, and strain of
Ag NPs
Particle size
G nm-2
H
D nm
53.5
3.493 x 10 -4
6.47 x 10 4

EDS analysis. EDS spectrogram (Figure 3)
show a strong silver signal along with some weak
carbon peaks due to the carbon tape used in the
analysis. The present mass from all samples is
68.87%. Presented data implied that Ag is the major
element since the strongly intense signal was
observed at 3 k eV. This result strongly suggested the
formation of pure Ag NPs. The strong intense signal
has frequently been attributed to the changes in the
electron density at the surface. Such phenomenon of
electron collective excitation called the surface
plasmon resonance [6,26].

The calculated average size of Ag NPs was 53.5
nm with negative surface, charge and good stability
and conductivity [25].

FIGURE 3
EDS spectrogram of bio-synthesized Ag NPs.

FIGURE 4
TEM and Gaussian distribution of bio-synthesized Ag NPs.
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UV-Visible
Spectroscopy.
UV-Visible
spectroscopy was performed to investigate the
optical absorbance of Ag NPs. The absorption peak
was around 420 - 440 nm with highly absorbance at
420 nm (Figure 5). This result implied the formation
of Ag NPs and also confirmed the findings of many
scientific reports [28-30]. Particle size was also
calculated from absorption peak, using the equation
number 4 and was about 2.237 nm. However, both of
particle size and wavelength of incident light directly
affect the absorbance [24].

TEM analysis. TEM micrograph exhibited a
number of mostly spherical shapes with 3 to 13 nm
in size. A good Gaussian variation was also shown
(Figure 4). These findings confirmed the formation
of Ag NPs that they have frequently been reported to
be aggregated, scattered, and about 5 to 70 nm in size
[12,23]. Verma et al. [27] stated that an extracellular
Ag NPs were synthetized by the endophytic fungus
A. clavatus. These particles were poly-dispersed,
spherical or hexagonal and about 10 to 25 nm in size.

Antifungal activity. The inhibitory effect of
bio Ag NPs was in vitro tested against the allergenic
air borne fungus; C. sphaerosporium. Efficacy of
Ag NPs was generally increased with the
concentration increase (Table 2). The highest
inhibitory effect of bio Ag NPs on the fungal growth
was achieved by 150-200 ppm concentration (Figure
6). However, the potency of bio-synthesized Ag NPs
against some myco-toxigenic fungi have also been
reported [31,32]. Efficacy of Ag NPs have been
explained and attributed to the cell destruction that
has been occurred flowing the Ag NPs exposer. An
alteration of cell wall, membrane permeability and
cytoplasm have also been reported [12,33]. Ag+
treatment have been reported to affect the synthesis
of enzymes and cellular proteins, as well as ATPs
and the DNA duplication ability [34,35]. Ishida et al.
[36] reported that myco-synthesized Ag NPs
exhibited an increased antifungal activity against
Candida and Cryptococcus. The destruction of cell
wall and cytoplasmic membrane as well as the loss
of cytoplasm content following the Ag NPs
treatment were recorded.

FIGURE 5
Ag NPs Optical absorption.

ACKNOWLEDGEMENTS
FIGURE 6
Radial growth of C. Sphaerospermum on PDA
amended with Ag NPs synthesized by A.
clavatus.

The authors would like to extend their sincere
DSSUHFLDWLRQWRWKH'HDQVKLSRI6FLHQWL¿F5HVHDUFK
at King Saud University for its funding this Research
Group No. (RG-1436-009).

TABLE 2
Efficacy (%) of biosynthesized Ag NPs against C. Sphaerospermum.
50ppm
100ppm
150ppm
200ppm
ED50
ED95
Slope ±SE
43.72
56.28
68.02
70.45
68.6
1566.0
1.21± 6.01
ED50 = Median effective dose
ED95 = The dose required foe desired effect in 95% of the population exposed to it.
SE = The standard error
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STUDY ON ACUTE TOXICITY, HAEMATOLOGICAL
AND BIOCHEMICAL ALTERATIONS INDUCED BY THE
EXPOSURE OF DDT TO CATFISH
Zubair Ahmad*, Khalid A Al-Ghanim, Hmoud F Alkahem Al-Balawi, F Al-Misned,
Shahid Mahboob
Zoology Department, College of Science, P. O. Box 2455, King Saud University, Riyadh 11451, Kingdom of Saudi Arabia.

measures before the situation gets worst. Recent
years have witnessed the surge of interest in
investigating the physiological, haematological and
pathological disorders caused by DDT [1-4].
Fishes are sensitive to environmental quality.
Behavior is the first sign of their reaction to altered
medium. Besides, there are chemical constituents of
the body which respond to deterioration of water
quality. Some of the chemical changes are directly
FDXVHGE\WKHWR[LFDQWVEXWRWKHUIRUPSDUWRIILVKHV¶
physiological adaptive syndrome in situations of
serious stress. Alterations in somatic and organ
conditions are a manifestation of cumulative effect
of the interaction between the external and internal
environment of fish. Earlier works [1, 4, 5-7] amply
emphasized the need to evaluate biochemical
composition of tissues and haematological
parameters in assessing the health and general
condition of fish. Many investigaters have studied
the effect of several organochlorine insecticides on
the fish and possible consequences on human health
[8-12]. Because these are good source of food for
human, it is possible that when DDT or its
metabolites are deposited in different organs of fish,
they will reach to mankind. The high ability of fish
to tolerate the effects of these insecticides and long
persistance build the interest regarding this condition
because both the fish and pollutants remain in the
environment for long time, and humans are,
therefore, accessable to pesticide exposure. In the
present investigation an attempt was made to
evaluate the variations in the blood profile and
chemical composition in the cat fish exposed to
DDT. Previous studies have shown that when the
water quality is affected by toxicants, any
physiological change will be reflected in the values
of one or more of the haematological parameters
[13].
Undoubtedly, blood cell responses are
important indicators of changes in the internal and
/or external environment of animals. In fish,
exposure to chemical pollutants can induce either
increases or decreases in haematological levels.
Presently, for environmental monitoring and
research in toxicology, the different hematological
parameters are investigated to evaluate the
pathological and physiological changes and disease
demonstration of fishery management and

ABSTRACT
Healthy and active Clarias gariepinus were
exposed to acute and sub-lethal concentrations of
DDT for a period of 96 hours and 30 days,
respectively. The 96 h LC50 was registered as 1.55
mg/l. It has been observed that protein concentration
was decreased, and the glucose was elevated in the
plasma of treated fish. Sub-lethal DDT exposure has
decreased significantly (P<0.05) the level of
glycogen in muscle and liver. The DDT has caused
a decrease in the counts of erythrocyte (RBC) and
leucocyte (WBC), haematocrit (Hct) values and
concentration of haemoglobin (Hb). Various
hematological indices such as mean corpuscular
volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin
concentration (MCHC) were also changed. The
concentration of magnesium (Mg) was unchanged
but calcium (Ca) was reduced in the blood of
exposed
fish.
The
glutamic-oxaloacetic
transaminase
(GOT)
and
glutamic-pyruvic
transaminase (GPT) activity was increased in the
DDT treated fish. It has been concluded that these
effects were more pronounced in higher
concentration and in the last period of exposure.
KEYWORDS:
Clarias gariepinus, DDT, Acute
Biochemical parameters, Blood profile

concentration,

INTRODUCTION
It is an undeniable fact that use of insecticides
in agriculture and to control the vector of different
diseases contributes to pollution of aquatic
ecosystem.
The DDT most widely applied
chlorinated hydrocarbon poses a more serious
problem due to its stability in the natural
environment and biological magnification. It is quite
obvious that by way of surface runoff considerable
quantities of DDT enter the aquatic environment.
Hence, it is imperative that effect of this toxicant on
fish should be thoroughly investigated to motivate
the environmental concerns for applying remedial
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their total length and body weight. Collection of
blood samples were made by cutting the caudal
region to allow the blood from dorsal aorta to flow
out. This method is easy and increasingly used for
smaller and medium sized fishes. Blood samples
were collected in heparinized vials. The method of
Blaxhall and Daisley [17] was used to determine the
hemoglobin. A micro-hematocrit centrifuge was
used to determine the hematocrit values. The blood
was diluted with Dace's solution and Turk's solution
for the counting of erythrocytes and leucocytes,
respectively, using Neubar haemocytometer. The
MCV, MCH and MCHC were estimated using the
methods outlined by Ghai [18]. The blood was
centrifuged for 10 minutes DWUSPDWÛ&DQG
the plasma was collected and stored at - Û&  IRU
biochemical analysis. Different kits obtained from
BIOMERIEUX (France) were used for the
estimation of glucose, total protein, Mg, Ca, GOT
and GPT.
The liver was dissected out, placed on
absorbent paper to absorb excess liquid and weighed.
Samples of white muscle were collected from the site
of origin of dorsal fin and above the lateral line. The
method of Ashman and Seed [19] was followed for
the extraction of glycogen and the method described
by Montgomery [20] for its determination. Protein
was estimated in dry samples. The technique of
Webb and Levy [21] was used for the preparation of
dry fat-free samples. The method of Lowry et al.
[22] was followed for the determination of protein in
dry fat-free samples.
A statistical analysis was done to demonstrate
the significance of the differences between the
values of different groups. For this test one way
analysis of variance (ANOVA) was applied. P
values less than 0.05 were considered statistically
significant.

aquaculture [14]. Moreover,, the studies related to
the detection of aberration in the fish (chemical
composition and haematological profile) could
provide symtoms of exposure to toxicants before any
massive evidence become apparent and therefore are
used as reliable indices of fish health. It is also worth
to mention that changes in chemical composition and
haematological profile are considered to provide
symptoms about the type of toxicants and degree of
pollution in the environment [15]. In the present
investigation the parameters selected include RBC
and WBC counts; levels of haemoglobin and
haematocrit; MCV, MCH and MCHC indices;
plasma glucose, protein, GOT and GPT enzymes, Ca
and Mg, and glycogen and protein contents in liver
and muscle.

MATERIALS AND METHODS
Healthy and active individuals of catfish
(length 22-26 cm and weight 55-78 g) were collected
from an artificial pond at Mozahmia, Riyadh. The
fish were kept in large aquaria to acclimatize to
physical and chemical conditions of lab for two
weeks. The fish were fed a commercial fish food
twice daily to satiety during this period. When the
time of acclimation overs, ten fishes were transferred
in each aquarium with different concentrations (1.0,
1.25, 1.5, 1.75, 2.0 and 2.25 mg/l) of
dichlorodiphenyltrichloroethane (DDT). A known
quantity of DDT was dissolved in known volume of
acetone and this solution was added to aquarium
water to obtain the required concentration. Same
volume of acetone as used in experimental tanks was
also added to control tanks. The experiment was run
for 96 hours in triplicates. To maintain the
concentration of DDT constant the medium of
aquarium renewed on daily basis. The dead fishes
from each concentration were removed and their
number registered. The LC50 was calculated from
the graph prepared between probit of kill (percent
mortality is transformed into probit) and log10
concentration of DDT (Concentration of DDT is
transformed into log10) using the method of Finney
[16].
After determining the LC50, three sub-lethal
doses (0.155, 0.233 and 0.310 mg/l; these
concentrations correspond to 10, 15 and 20 percent
of LC50) of DDT were selected to expose the fish for
30 days. Parallel, a control set was run with water
without DDT. These experiments were run in
triplicates. The medium of aquarium was renewed
on daily basis. The physical and chemical conditions
of aquarium water like temperature (24.8±0.7 ºC),
pH (7.6±0.5) and dissolved oxygen (7.3±0.6 mg/l)
were determined weekly.
Three fish from each exposed and unexposed
groups were collected from aquaria, and recorded for

RESULTS AND DISCUSSION
The percent mortality of fish caused by
different concentrations of DDT is given in table 1.
The 96 hours LC50 value of DDT for the fish
enumerated from the graph (Fig. 1) was 1.55 mg/l.
7.0
6.5

Probit of kill

6.0

5.0
4.5
4.0
3.5
3.0
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

Log10 concentration of DDT (mg/l)

FIGURE 1
Relationship between probit of kill and Log10
concentration of DDT
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TABLE 1
Number of dead fish, Clarias gariepinus, and their percentage
mortality (in parentheses) following the treatment of DDT
Concentrations of
Exposure Time (hour)
DDT (mg/l)
24h
48h
72h
96h
Control (0.0)
1.0
2 (6.66)
4 (13.33)
1.25
4 (13.33)
6 (20.00)
1.5
3 (10.00)
7 (23.33)
11 (36.66)
1.75
2 (6.66)
5 (16.66)
10 (33.33)
19(63.33)
2.0
3 (10.00)
6 (20.00)
14 (46.66)
23 (76.66)
2.25
6 (20.00)
14 (46.66)
22 (73.26)
28 (93.33)

TABLE 2
Changes in different hematological parameters of Clarias gariepinus induced by DDT.
Values are mean ± standard error.
Parameters
Time
Control
DDT concentrations (mg/l)
(Days) (0.0)
0.155
0.233
0.310
P<0.05
Erythrocytes
10
1.89 ±0.25
1.65±0.08
1.64 ±0.09
1.65 ±0.06
(Cellx106/mm3) 20
1.78 ±0.08
1.63±0.05
1.68 ±0.08
1.43 ±0.08
*
30
1.78 ±0.09
1.64±0.06
1.63 ±0.07
1.42 ±0.07
*
Leucocytes
10
39.55 ±0.62
36.54±0.68
35.65 ±0.75
36.38 ±1.95
(Cellx103/mm3) 20
38.98 ±0.84
36.87±0.98
34.79 ±0.58
32.12 ±1.50
*
30
39.45 ±0.85
35.42±0.86
33.01 ±0.52
32.12±1.78
*
Hematocrit
10
35.85 ±0.94
35.23±1.12
34.68 ±0.59
34.14 ±1.15
(%)
20
36.25 ±0.83
35.25±1.06
34.13 ±1.13
32.46 ±1.21
*
30
36.49 ±0.91
34.21±1.12
33.45 ±1.06*
30.42 ±1.20
*
Hemoglobin
10
6.75 ±0.19
5.12±0.12
5.62 ±0.13
5.25 ±0.15
*
(g/dl)
20
7.34 ±0.15
5.68±0.15
4.88 ±0.11
4.86 ±0.17
30
6.97 ±0.15
5.42±0.14
4.69 ±0.18
4.42 ±0.14
*
MCV
10
189.69±3.85 213.52±4.12 211.06±4.85
206.90±4.58
(fl/cell)
20
203.65±4.45 216.25±3.45 203.74±3.96
226.99±5.41
*
30
205.00±4.63 208.60±3.54 205.17±4.55
214.22±5.65
MCH
10
35.84±1.85
31.03±1.32
34.26±2.65
31.85±2.18
(Pg/cell)
20
41.23±2.33
34.84±1.25
29.06±2.15
33.87±2.25
*
30
39.15±2.35
33.05±1.56
28.77±2.45
31.12±2.25
*
MCHC
10
18.82±1.45
14.53±1.24
16.29±1.66
15.79±1.35
(%)
20
20.24±1.25
16.11±1.12
14.34±1.26
14.47±1.85
*
30
19.10±1.35
16.60±1.36
14.07±1.46
14.29±1.45
*
0.08 ppm. These differences in the toxic level of
DDT may be attributed to the differences in
tolerance and susceptibility among the fish and on its
accumulation, bio-transformation and excretion. The
different fish species may have dissimilarity in
metabolic pathways which develop varied patterns
of bio-transformation, leading to the formation of
varied toxic metabolites [27]. The level of toxic
effects of pesticides may also be attributed to the
length and weight, corporal surface/body weight
ratio and rate of breathing [28]. Oh et al. [29] have
reported three causative factors such as varied
inhibition of acetylcholinesterase, detoxification and
absorption for the selective toxicity of pesticides for
various fish species. In general the toxicity varied
with respect to the duration of exposure, species and
size of fish [29-30].
The present investigation indicated that sub-

The LC50 value of DDT for Moina macrocopa
was documented by Liu et al. [23] as 324 microg/L.
In a report of UNEP [9] the LC50 of DDT for shrimp
was as 0.4 μg/L and 42 μg/L for rainbow trout. Little
higher value (2.95 ppm) of 96 h LC50 is presented by
Mustafa and Murad [5] for cat fish, Heteropneustes
fossilis. A survey of literature [24-25] revealed that
the LC50 values of DDT for other teleost were less
than the value registered in the present study. This
may be ascribed to the lesser susceptibility of air
breathing fish to DDT when compared to fishes
which are exclusively aquatic breathing. The LC50
value of DDT for Carassius auratus was reported as
0.648 mg/kg by Yong et al. [4]. A higher LC50 value
(2.94 mg/l) of fenvalerate dissolved in acetone was
reported for C. gariepinus [26]. In another report,
Pimentel [8] has summarized the LC50 values of
DDT for different fish species varying from 0.0025937
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Reduction in the concentration of Ca and magnesium
ions were registered in the fish exposed to DDT
especially in the last period of exposure. The
pesticide certainly pose detrimental effect on the fish
and transform the activity of essential organs like
liver and kidneys, interrupting the homeostatic
situation of the fish. Similar observations were
reported by Al-Akel et al. [41] and Ahmad [33] in
the different species of fish after the exposure of
various toxicants.
The content of glucose in insecticide exposed
fish was significantly (P<0.05) elevated (Table 4)
which may be caused by the conversion of glycogen
into glucose to cope with the augmented demand for
energy. Stimuli of stress elicit rapid secretion of
hormones like glucocorticoids and catechol amines
from adrenal gland of the fish [42] and these are
known to produce hyperglycemia in animals. Other
reason for such elevation may also be the increased
gluconeogenesis response of exposed fish in their
attempt to meet their elevated energy demands [43].
The hyperglycemic condition registered in this
investigation can also be ascribed to enhanced
secretion of these hormones which may cause
glycolysis in the DDT exposed fish. The result
obtained in the present study agrees with the findings
of Abalaka et al. [44]; Ahmad [33-34]; Alkahem-AlBalawi et al. [37] and Al-Ghanim [45]. The
insecticide might changes the activities of kidney
and liver causing disruption in the homeostatic
situation of the body which might change the levels
of metals. Similar to present observations Al-Akel et
al. [41] have reported alterations of metal
concentrations in the carp, Cyprinus carpio, after
feeding copper added feed and lend a considerable
support to present study.
Hypoproteinaemia in the plasma of DDT
exposed fish was registered, especially at higher
concentration and in the last period of exposure.
Results presented in table (3) clearly indicate the
depletion in the concentration of protein in different
tissues of the exposed fish. The DDT treatment to
catfish influenced the metabolic performance and
modified the tissue accumulation of protein and
glycogen (Table-3).
³Probably, DDT interrupts in the protein
biosynthesis pathway, especially by preventing the
functions of polymerases, inhibiting the epigenetic
origin of these macromolecules, or else it can
increase the break down of preformed molecules of
protein´ [7]. The investigations made by Mazeaud
et al. [46] and Strange et al. [47] have established
WKDW WR[LFDQWV H[HUW VWUHVVHV RQ WKH DQLPDO¶V ERG\
which enhance the secretion of adrenocorticotrophic
hormone (ACTH) from pituitary gland. The adrenal
gland is stimulated by this hormone to secrete
increased amount of corticosteroids which results in
higher level of glucose by amplifying the enzymatic
transformation of glycogen, protein and fat.
Significant hypoproteinaemia was reported by

lethal exposure of DDT has altered the level of
different blood parameters of Clarias gariepinus.
Reduction in the red blood cell count, haematocrit
values and haemoglobin levels was evident in the
fish exposed to different concentrations of DDT
(Table 2).
³Fall in the leucocyte count was also occurred
in the insecticide (DDT) exposed fish. The reduction
was more pronouced in the fishes exposed to higher
dose. Change in the values of hematological indices
(MCV, MCH and MCHC) was evident in DDT
treated fish´ [7]. Generally, insecticide exposure to
fishes adversely affects and results alterations in
different blood parameters. ³Complying to the view
presented above a fall in the RBC count, hemoglobin
level and haematocrit values in fish treated with
insecticides was reported by Banaee et al. [31-32]
and Ahmad [33-34] and the reduction in these
parameters was ascribed to loss of cells and/or
reduction in size of cells due to detrimental effects
induced by pesticide´ [7]. Concordant views have
been suggested by Zaki et al. [35]. Decreased level
of haemoglobin, RBC count and haematorit values
in metal (lead nitrate) exposed H. fossilis was
reported by Adeyemo [36]. It is believed that
toxicants would exert detrimental effects on the
haematopoietic system of the fish, thus suppressing
the production or consequential fast eradication of
different constituents of blood.
The results
registered in this investigation are similar to those
mentioned above and can be related to afore-said
factors.
The results obtained in this study showed a
decreased leukocyte count (Table 2) which would be
attributed to impairments of the haematopoietic
system resulted by DDT exposure. The reduction in
the leucocyte count may be related to lower supply
of these cells to the blood circulation due to less
formation or alternatively an increased rate of
elimination from circulation and subsequent faster
destruction of cells. Same reason was presented by
Al-Kahem et al. [37] for the reduction in the
leucocyte count.
Significant reduction in the
number of thrombocytes and lymphocytes may be
the main factor for the reduction of leucocyte count
in the fish treated with chromium [38]. Reduction in
the leucocyte count was demonstrated by the fish
exposed to diazinon- based pesticide [39].
Different blood cell indices such as mean
corpuscular hemoglobin concentration (MCHC),
mean corpuscular hemoglobin (MCH) and mean
corpuscular volume (MCV) seem to be sensitive
changes in the fish treated with pesticides.
³Fluctuations in the values of MCV, MCH and
MCHC are related with the RBC count, hemoglobin
concentration and haematocrit values´ [7]. Rao [15]
reported variations in these indices after the
exposure of pesticide to common carp. Similar
results were also presented by Ahmad [40] in the
catfish, H. fossilis exposed to Uranyl acetate.
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TABLE 3
Concentrations of protein and glycogen in the liver and white muscle of Clarias gariepinus exposed to
DDT. Values are mean ± standard error.
Parameter Concentrations
Exposure Time (Days)
s
(mg/l)
Liver
Muscle
10
20
30
10
20
30
Protein
Control
69.23
67.69
68.37
58.37
56.91
56.51
(mg/100
(0.0)
±3.81
±2.79
±2.88
±2.15
±2.12
±1.99
mg)
0.155
62.31
55.45
54.39
54.33
44.93
43.15
±2.11
±2.01
±2.36
±2.03
±1.99
±3.05
0.233
61.56
56.34
55.12
56.16
43.86
44.12
±3.59
±3.75
±2.04
±3.11
±1.99
±2.13
0.310
59.23
54.62
51.98
55.55
42.21
42.23
±3.23
±2.99
±3.11
±3.23
±2.21
±2.14
P<0.05
*
*
*
*
Glycogen
Control
10.52
10.32
10.60
3.92
3.85
3.68
(mg/g)
±0.16
±0.25
±0.27
±0.09
±0.07
±0.08
0.155
8.25
7.25
7.32
2.95
2.18
2.38
±0.16
±0.19
±0.17
±0.06
±0.07
±0.06
0.233
8.16
6.25
6.35
2.75
2.15
2.35
±0.15
±0.16
±0.15
±0.05
±0.04
±0.08
0.310
7.85
5.21
4.88
2.52
2.11
1.95
±0.65
±0.68
±0.45
±0.11
0.09
±0.11
P<0.05
*
*
*
*

TABLE 4
Changes in plasma biochemical composition of Clarias gariepinus exposed to sub-lethal concentrations of
DDT. Values are mean ± standard error.
Time
DDT concentrations (mg/l)
Parameters
(Days)
Control
0.155
0.233
0.310
(P<0.05)
Total Protein
(g/dl)
Glucose
(mg/dl)
Ca
(mg/dl)
Mg
(mg/dl)
PGOT
(IU/l)
PGPT
(IU/l)

10
20
30
10
20
30
10
20
30
10
20
30
10
20
30
10
20
30

30.55±2.52
29.98±1.67
30.85±18.88
55.65±6.21
58.32±7.23
57.52±7.84
175.65±15.3
185.21±13.2
198.65±112.1
38.22±3.15
37.24±5.01
36.83±4.51
85.26±12.2
86.28±14.2
88.35±11.2
68.18±4.62
70.21±12.3
67.65±10.2

28.65±1.98
28.25±1.57
28.21±1.23
65.25±6.25
66.25±6.58
64.55±5.89
168.21±12.23
170.12±10.23
165.21±13.2
37.65±2.35
36.85±2.56
35.78±2.35
94.25±10.23
97.25±9.56
99.65±12.45
78.25±7.22
81.26±9.65
80.25±9.88

26.69±2.02
24.55±1.45
224.12±1.86
77.24±7.96
88.64±7.75
98.23±9.25
150.65±13.2
148.35±11.6
144.63±07.9
36.82±4.15
35.45±4.23
34.95±3.44
110.26±11.4
119.95±9.5
128.31±12.2
102.32±6.24
99.23±12.25
108.25±9.13

*
*
*
*
*
*
*
*
*

*
*
*
*
*
*

hyperprotenaemia was reported by Al-Attar [52];
Omitoyin [53]; Abalaka et al. [44] in animals
exposed to toxicants.
The Insecticide exposure significantly (P<0.05)
elevated the activity of GOT and GPT enzymes in
the fish treated with DDT (Table 4). These enzymes
(GOT and GPT) are used as distinguish diagnostic
means to determine the toxic effects of different
pollutants [54].
Metals exposures at various

Omoniyi et al. [48] and Shalaby [49] in the fish
treated with different pollutants.This fall in the
protein level in the toxicant exposed fish was
ascribed to the destruction of cell or necrosis, along
with the disruption in protein synthesis pathways
[50] or loss of proteins through kidney due to
pathological impairments caused by toxicant [51].
In
contrast
to
present
observations,
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27.55±1.87
24.98±1.32
24.82±1.65
71.35±7.76
76.62±8.15
78.25±7.64
155.25±11.2
156.45±11.1
151.32±09.4
37.03±2.45
36.75±5.41
35.52±4.45
99.82±10.5
118.75±13.3
125.25±14.2
88.25±8.55
88.28±10.53
98.56±11.1
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concentrations enhance the activity of these enzymes
[55]. Exposure of ammonia to fish has elevated the
level of these (GOT, GPT) enzymes in the serum
[56]. The perception of these authors was that GPT
is highly responsive to any environmental alteration.
Zaki et al. [35] have reported an enhanced level of
ALT activity in malathion exposed fish whereas
Abalaka et al. [44] documented that the fish treated
with extract of Porkia biglosa pods exhibited
elevated activity of ALT. These authors believe that
the enhanced activity of this enzyme in the toxicant
treated fish is due to impairment caused to liver and
make their way into blood [57] and /or enhanced
synthesis of enzyme in liver. Similar to present
investigation, significantly higher activity level of
glutamic±oxaloacetic acid transminase (GOT) were
recorded [58] in the fish fed diet without
docosahexaenoic acid but the activity of SGPT
remain unchanged.
They found that hepatic
parenchyma develop into generalized massive
steatosis, showing necrosis centers with diet free of
docosahexaenoic acid. ³An increased activity level
of SGOT and SGPT in C. punctatus after the
exposure of mercuric chloride and monocrotophos
was reported´ [59].
³Previous reports have
suggested that liver is rich in GOT and GPT, and any
damage caused by pollutants to it could result in
liberation of large quantities of these enzymes into
the blood´ [60-61]. Therefore, any increase in the
activity level of these enzymes (PGOT and PGPT) is
a distinguish indicator of devastation at cellular level
[33, 37, 61-62]. However, significant (P<0.05)
enhancement in the activity of the enzymes
registered in this study may be attributed to
destruction of liver caused by DDT.
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ABSTRACT

INTRODUCTION

The influence of cyfluthrin-degrader, a novel
Lysinibacillus sphaericus strain, FLQ-11-1, with
respect to biodegradation effectiveness and its
effects on soil microbial community simulating in
situ, was evaluated. Two 4-kg soil samples
containing 100 mg/L of cyfluthrin were set up, one
without cyfluthrin degrader inoculation and one
inoculated with degrader. The results showed that
the cyfluthrin concentration in the inoculated soil
declined by 99.45% within 28 days, whereas in
strain-free samples, this concentration decreased by
29.1%. The amount of culturable bacteria in the
inoculated soil grew faster in the 7 days after
inoculation than in the strain-free sample, although
it was low in both samples. PLFA profiles of soil
after inoculating strain FLQ-11-1 displayed
significant difference, with the character of biomark
18:0 negative related to cyfluthrin residue content.
microrganisms L. sphaericus and P. amygdali, were
only detected in the the soil inoculated with
FLQ-11-1,
while R. leguminosarum and
Nitrosospira sp.,were special microbes in the free
soil, and twelve bacterium were in common. And
strain FLQ-11-1 were the advantage organism in the
28 day, accomplying with the microbial diversity
recovery. These results showed that strain
FLQ-11-1 could well colonized in the
cyfluthrin-polluted soil, although change the
indigenous microorganism community diversity in
its earlier bioremediation action, but contribute to
recover the indigenous microorganisms community
with decreasing of cyfluthrin in the soil.

Cyfluthrin (cyano(4-fluoro-3-phenoxyphenyl)
methyl-3-(2,2-dichlo-roethenyl)-2,2-dimethylcyclo
propanecarboxylate) is a new typeĊpyrethroids,
widely used to control pests in farm, home lands
cape and garden [1-5]. Although cyfluthrin has high
insecticidal activity, it is easily released and
persisted in the environment with potential
bioaccumulation via the whole biologic chain [6-9].
Previous studies have revealed that cyfluthrin can
be removed by hydrolysis, photodegradation and
biodegradation [10-13].
Biodegradation is an attractive approach to
restoring contaminants by making use of
microorganisms with the advantage of its
environmental safe, low cost and high applicability
in complete destruction of the contaminant [14].
Several degrading strains were isolated, including
Pseudomonas putida, Alcaligenes sp., Aspergillus
niger,
Trichoderma
viride,
Phanerochaete
chrysoporium,
Brevibacterium
aureum
and
Lysinibacillus sphaericus [12,13,15-19]. However,
many strains performed poorly in the field due to its
incompatibility with indigenous microbes [20].The
microorganism community in situ was changed and
its basic metabolic functions were disrupted during
the biodegradation [21-23]. Therefore, the
biodegradation effectiveness not only depends on
the strain degradation efficiency, but also
harmoniously coexist with indigenous microbes. It
is of great important to understanding the changes
in function and diversity of indigenous microbes
during the biodegradation. So far, little is known
about the effects on microbial ecology, and few
reports illustrating the links between the degrading
strain and the indigenous microorganism
communities were published.
Previously, we isolated a novel Lysinibacillus
sphaericus strain, FLQ-11-1, capable of degrading
cyfluthrin, from the sludge [19]. In this article, we
describe the degradation effectiveness of cyfluthrin

KEYWORDS:
Cyfluthrin
degrader,
Lysinibacillus
degradation effectiveness, micro-ecology

sphaericus,
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in the soil by the FLQ-11-1 strain and the variations
in the structure of the indigenous microorganism
community, including the number of culturable
bacteria, the features of the phospholipid fatty acids
and the genetic diversity of the microorganism
structure, to demonstrate the micro-ecological
effects of the cyfluthrin degrader FLQ-11-1,
providing the basis for the practical application of
bioaugmentation.

MATERIALS AND METHODS
Chemicals. Cyfluthrin (99.9% purity) was
obtained from the Fujian Inspection and Testing
Center for Agricultural Product Quality and Safety
(TCAPQS),
Fuzhou,
Fujian,
China.
Chromatographic grade acetonitrile was purchased
from Sigma-Aldrich, Beijing, China. All other
chemicals and solvents used were analytical grade
without further purification.
Degrading bacteria. The FLQ-11-1 strain
with the capacity for cyfluthrin-degradation was
isolated from sludge and identified as Lysinibacillus
sphaericus with the accession number of
KC920738[19]. Strain FLQ-11-1 was grown in
mineral salt medium (MSM) [18] containing
cyfluthrin at a concentration of 50 mg L-1,
inoculated in the fluid MM medium for 36 h (30 °C,
170 rpm min-1), centrifuged for 5 min (10,000 rmp
min-1), washed three times using a buffer solution of
Na2HPO4-Na2HPO4, and suspended in sterile water
until the cell density reached 1 × 109 per milliliter.
Strain FLQ-11-1 was stored at the center of
microorganism culture collection at the Institute of
Applied Ecology in Fujian Agriculture and Forestry
University, Fujian, China.
Design of biodegradation experiments. The
bioremediation experiments were carried out in
August 2012. Soils were sampled from trial fields
of Fujian Agriculture and Forestry University,
China, with no history of cyfluthrin application.
The properties of the soil were as follows: nitrogen
42.67 mg kg-1, available phosphorus 15.61 mg kg-1,
available potassium 14.03 mg kg-1, a pH of 6.9
(measured in water) and organic matter 71.86 mg
kg-1. Four kilograms of the soil were placed in a 5 L
Erlenmeyer flask, and the water-holding capacity
was regulated at 30%. The flasks were then sealed
with cotton-wool plugs and incubated in the dark at
25±1°C. The soil moisture content was maintained
at a constant level of 60% throughout the
experiment by the addition of distilled water when
necessary. Cyfluthrin was added at a final
concentration of 100 mg kg-1 [24]. After mixing, the

microbial suspension was inoculated into the soil
(in triplicate) at a final concentration of 1.0 × 106
cfu g -1 and then incubated at 30 °C. A blank control
was set up as described above but without
FLQ-11-1 inoculation to eliminate the possibility of
cyfluthrin degradation by soil microbes in situ. A 50
g sample was drawn from each flask at intervals of
1, 7, 14, 21, and 28 days, of which 30 g was used to
detect the cyfluthrin residue concentration, 5 g was
used for enumeration of the total bacterial
community, another 5 g was used for bacteria
community change by DGGE, and the remaining 5
g was used to analyze the phospholipid fatty acid
content of the microorganism.
Extraction of cyfluthrin from the soil. The
extraction and quantification of cyfluthrin residues
from the soil were carried out as per the procedure
reported by Mandal et al. (2010)[25], with slight
modifications. Five grams of soil that contained
cyfluthrin were weighed, placed into a 250 mL
conical flask, and mixed by adding 100 mL of
petroleum ether. The extracts were passed through
anhydrous Na2SO4, collected in a 250 mL
flat-bottom flask, concentrated to dryness on a
rotary evaporator at 25°C, and then dissolved in 5
mL of petroleum ether for detection by gas
chromatography (GC).
Analysis of cyfluthrin. Cyfluthrin residues
were tested by gas chromatography (GC-6890,
Agilent Technologies, Palo Alto, CA) coupled with
an electron capture detector (ECD). A fused silica
capillary column HP- PîPPîȝP 
was employed. The temperature of the injection
port was 250°C. The column temperature procedure
was carried out by holding at 160°C for 5 min,
ramping up at 10°C min-1 to 200°C (first ramp),
holding at 200°C for 1 min, ramping up at 10°C
min-1 to 280°C (second ramp), and then holding at
280°C for 8 min. The temperature of the ECD was
320°C. Nitrogen was used as the carrier gas (36 mL
min-1). The injection volume was 1 ȝ/ &\IOXWKULQ
was identified by retention time and quantified
using
peak
area
integration,
using
cyano(4-fluoro-3-phenoxyphenyl)
methyl-3-(2,2-dichloroethenyl)-2,2-dimethyl
cyclopropane carboxylate (C23H19ClF3NO3) as an
external standard. One microliter of the cyfluthrin
standard was injected at a sensitivity setting of 5 x
10-4 afs, and the three chromatograms were
integrated by a Hitachi Model D-2500
chromato-integrator.
All
experiments
were
conducted in triplicate.
Enumeration of the total bacterial
community in a soil sample. The colony forming
units (CFUs) of total culturable bacteria were
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assessed by a dilution plate using nutrient agar (NA)
medium (beef extract 3 g, peptone 10 g, NaCl 5 g,
agar 15 g in one liter of medium; pH 7.2±7.4). The
number of viable bacteria in soil, expressed as
CFUs in g of dry weight soil, was counted after
incubation at 30 ± 2 °C for 2±3 days in the dark
[26].
PLFA analysis of the microorganism
community in the soil. The soil phospholipid fatty
acids were extracted according to the method
described by Schutter and Dick (2000)[27]. In brief,
five grams of soil were transferred to a 50-mL
Teflon-lined, screw-cap glass centrifuge tube
containing 15 mL of 0.2 M KOH in methanol, then
sufficiently mixed, incubated at 37°C for 1 h and
vortexed every 10 min, during which ester-linked
fatty acids were released and methylated. Then, 3
mL of 1.0 M acetic acid was added to neutralize the
pH of the mixture. PLFAs were extracted by adding
10 mL of hexane and partitioned into an organic
phase by centrifuging at 6000 h g for 15 min.
Subsequently, the hexane layer was transferred into
a clean glass test tube and evaporated using a
stream of N2. Finally, PLFAs were redissolved in
0.5 mL of 1:1 hexane:methyl-tert butyl ether and
transferred to a GC via and kept at 4°C until further
analysis.
All PLFAs were analyzed using an Agilent
6890 GC-FID with HP-5 (30 m × 0.32 mm × 0.25
ȝP  The temperature of the injection port was
250°C. The column was held at 160°C for 5 min,
ramped up at 10°C min-1 to 200°C (first ramp), held
at 200°C for 1 min, ramped up at 10°C min-1 to
280°C (second ramp), and then held at 280°C for 8
min. Nitrogen was used as the carrier gas (36 mL
min-1) with an injection volume of 1 ȝ/)DWW\DFLG
peaks were identified by the Sherlock® Microbial
Identification System (MIDI, Newark, DE, USA)
and quantified using methyl nonadecanonate (C19:0)
as the internal standard. All experiments were
conducted in triplicate.
DNA extraction and PCR-DGGE analysis.
Total DNA was extracted using the FastDNA®
SPIN Kit for Soil (Qbiogene, Inc. Carlsbad, CA)
and was then amplified using eubacteria-primers for
the 16S rRNA gene (F338GC: 5µ-CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCA
CGG GGG GAC TCC TAC GGG AGG CAG
ACG-3µ R518: 5µ-ATT ACC GCG GCT GCT
GG-3µ  in an iCycler iQ (Bio-Rad, Hercules, CA).
All reactions were carried out in a final volume of
25L . and PCR conditions for eubacteria were: an
initial denaturing step at 94 ć for 5 min followed
by 30 cycles of 30 s at 94 ć, 30s at 55ć and 30 s
at 72 ć, followed by a final extension step at
72 ć for 30 min. PCR products were verified on a

1% agarose gel and three replicates of PCR
products were combined and concentrated using
AxyPrepЯ PCR Cleanup Kit (Axygen, USA) before
DGGE analysis.
The DGGE analysis was performed with a
DGGE-2001 system from CBS Scientific (Del Mar,
USA) according to the methods described by Ros et
al (2010)[23]. A 20 L of each PCR product was
used for analysis. Gels contained 6% (w/v)
acrylamide for bacteria PCR products. The linear
gradient used was from 47 to 70% denaturant for
bacteria, while 100% denaturing acrylamide was
defined as containing 7M urea and 40% (v/v)
formamide. Gel (22cm h 17cm) were run in 21
L 1 h TAE buffer at 20 V for 15 min, followed by
16 h at 70 V and maintained at a constant
temperature of 60 ć. Gels were stained for 20 min
in 1.0 h Gelstar® and destained for 30 min in
distilled water prior to visualization.
Selected bands were excised and eluted in
sterilized distilled water. One microliter of each
eluate was then used as template to amplify with the
primers 338F and 518R, as described above. PCR
products were purified with the DNA purification
kit (Tiangen Biotech Co.Ltd., Beijing, China) and
cloned using pMD 19-T (Takara, Dalian, China),
and finally transformed into competent cells of
Escherichia coli DH5Į according to the
manufacturer¶s instructions. The recombinant
clones were verified by PCR with the forward
primer 338F and 518R, and then sequenced by
GenScript Corporation (Nanjing, China). Sequence
information was acquired by aligning the results
with the sequences in GenBank using the BLAST
search program at the National Center for
Biotechnology
Information
(NCBI)
(http://www.ncbi.nlm.nih.gov).
Statistical analysis. Analysis of variance
$129$  DQG 'XQFDQ¶V multiple range tests were
performed using SPSS 13.0 (SPSS Inc., Chicago,
USA). Canonical correspondence analysis (CCA)
was performed to visualize the relationship between
microbial PLFA profiles and the soil cyfluthrin
residue by the CANOCO 4.5 software. Hierarchical
clustering analysis with the Quantity one software
was used to group samples with similar DGGE
patterns. Diversity was evaluated by calculating the
Shannon-Wiener index and Evenness index [28,29]

RESULTS
Cyfluthrin degradation and variation in the
amount of culturable bacteria. As shown in Fig. 1,
cyfluthrin biodegradation in strain-free samples was
lower than in the soil inoculated with strain
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FLQ-11-1. The cyfluthrin concentration in the soil
inoculated with FLQ-11-1 sharply declined by
99.45% within 28 days, whereas in the soil without
FLQ-11-1 inoculation, this concentration decreased
by only 29.1%. Furthermore, the amount of
culturable bacteria decreased at the beginning in
both conditions. A possible explanation for this
phenomenon is that the toxicity of the pesticide
killed most of the microorganisms. However, it was
interesting that the number of culturable bacteria
increased in the soil in the 7 days following
FLQ-11-1 inoculation, whereas the number of
culturable bacteria in the strain-free soil remained
relatively constant during the experiment. This
result suggests that the participation of the
exogenous degrading bacteria FLQ-11-1 may
enhance cyfluthrin bioremediation in the soil.

Microbial PLFA structural features during
cyfluthrin degradation by strain FLQ-11-1. The
microbial PLFA structural features were analyzed
during cyfluthrin degradation by the FLQ-11-1
strain (Fig. 2). Canonical correspondence analysis
(CCA) showed that soil cyfluthrin residue exerted a
significant effect on the soil microbial PLFA
structure (Fig. 2A), with the results of Axis 1
explaining as much as 90.47% of the variance,
which was negatively affected mainly by soil
cyfluthrin residue contents. It is obvious that the
strain-free samples were grouped together in a
positive direction along axis 1, whereas the samples
with the FLQ-11-1 inoculation were located in a
negative direction along this axis (Fig. 2B).





FIGURE 1
Dynamic changes in cyfluthrin residue concentration (A) and culturable bacteria number (B) in the
containing cyfluthrin soil with inoculting the degrader FLQ-11-1 (Treatment) and free-inoculation soil
(CK) over time.





FIGURE 2
The canonical correspondence analysis (CCA) loading plot of the soil microbial PLFA in relation
to soil cyfluthrin residue content (A) and the ordination plots of the relationships between the
PLFA pattern and cyfluthrin residue for the soils on the different conditions (B) (Treatment: soil
with degrading bacteria FLQ-11-1 inoculation; CK: free inoculation soil)
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FLQ-11-1, with an increase from 19 bands at day 0
to 25 bands at day 7. However, after day 7 post
inoculation, the band number and intensity
remained similar. It is possible that many microbes
were destroyed after the initial addition of
cyfluthrin, resulting in a decrease in the diversity of
soil microorganisms, although the microorganism
community recovered as some cyfluthrin was
metabolized or degraded by strain FLQ-11-1.
The sequencing of PCR products from sixteen
representative bands (band 1-16) showed similarity
to Lysinibacillus sphaericus (KP634938.1),
Pseudomonas
amygdali
(ACXT01000084.1),
Nitrosospura sp. (AF359341.2), Agrobacterium
tumefaciens (D14500.1), Azotobacter chroococcum
(AB430880),
Uncultured
soil
bacterium
(GQ421005.1), Nitrosospira sp.(AF042170.1),
Uncultured
bacterium
(DQ318873.1),
Agrobacterium
rhizogenes
(ATU16SRDG),
Uncultured
soil
bacterium
(HM131966.2),
Uncultured
soil
bacterium
(EU289662.1),
Micrococcus terreus (FJ423763.1), Nitrifying
bacterium (KP265273), Rhizobium leguminosarum
(AY509900.1), Nitrosospira sp. (AF353163.1)
(Table1). Notably, the microrganisms L. sphaericus
(KP634938.1) and P. amygdali (ACXT01000084.1),
were only detected in the the soil inoculated with
FLQ-11-1, while R. leguminosarum (AY509900.1)
and Nitrosospira sp. (AF353163.1),were special
microbes in the free soil. Furthermore, Nitrosospura
sp.,

Moreover, the CCA bioplot showed that most
of straight-chain saturated fatty acids (18:0, 17:0,
19:0, 14:0) and other branched-chain fatty acids
(cy19:0, 16:0 iso, 16:0 ant, 14:0 ant) also
contributed to the final CCA scores, and these
PLFAs were negatively related to soil cyfluthrin
residue contents (Fig. 2A). However, the only
bacterial biomarker with significant variation was
18:0. Many biomarkers, including 17:0 cyc, 20:0,
16:0, 15:0 ant, 15:0 iso, 16:1w5c, had large
loadings on the positive direction of axis 1,
indicating no effect of the soil cyfluthrin residue
contents.
Microbial DGGE patterns of soil during
cyfluthrin degradation by strain FLQ-11-1. The
genetic diversity of microorganisms in the soil was
analyzed using DGGE analysis, and the genetic
diversity of microorganisms in the soil inoculated
with FLQ-11-1 degrading bacteria (T0-T28d) and in
the strain-free samples (ck0-ck28d) is shown in Fig.
3A. Notably, the DGGE profiles of the soil under
two different conditions all indicate an increase in
bacterial diversity upon inoculation, whereas the
diversity of bands in the soil differed under
different conditions. Cluster analysis revealed a
similar conclusion, in that all the inoculated soil
samples formed one group and the strain-free
samples formed another group(Fig.3B). Hence, a
significant increase in band numbers was observed
after 7 days of incubation with the inoculating strain




1
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16

FIGURE 3
DGGE electrophoretograms (A) and cluster dendrograms (B) representing the similarity of the DGGE
patterns at different periods from two treatments (Treatment: soil with degrading bacteria FLQ-11-1
inoculation; CK: free inoculation soil). Suffix 0, 7, 17, 21, 28, represent different sampling times; M:
marker.
TABLE 1
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Phylogenetic identification results of selected DGGE bands from bacterial DGGE fingerprint in Fig.3A.
Band no. a
Closest relative (NCBI accession no.)
Max identity (%)b
1
Lysinibacillus sphaericus (KP634938.1)
99%
2
Pseudomonas amygdali (ACXT01000084.1)
98%
99%
3
Nitrosospira sp.(AF359341.2)
4
Agrobacterium tumefaciens (D14500.1)
99%
5
Nitrosospira sp. (AF042170.1)
99%
6
Azotobacter chroococcum (AB430880)
99%
99%
7
Uncultured soil bacterium (GQ421005.1)
8
Nitrosospira sp.(AF042170.1)
97%
9
Uncultured bacterium (DQ318873.1)
99%
10
Agrobacterium rhizogenes (ATU16SRDG)
99%
99%
11
Uncultured soil bacterium (HM131966.2)
12
Uncultured soil bacterium (EU289662.1)
99%
13
Micrococcus terreus (FJ423763.1)
99%
14
Nitrifying bacterium (KP265273)
99%
99%
15
Rhizobium leguminosarum (AY509900.1)
16
Nitrosospira sp. (AF353163.1)
99%
Only highest homology matches are presented.
a
Bands are numbered according to Fig.3A
b
Identity represents the % identity shared with the sequences in the GenBank databases.

FIGURE 4
change of Shannon-Wiener and Evenness index of diversity based on the PLFA profiles (A) and DGGE
patterns (B) between treatment (T) and control (CK) over time (labeled with 0, 7, 14, 21, 28); treatment:
soil with degrading bacteria FLQ-11-1 inoculation; CK: free inoculation soil.

Agrobacterium
tumefaciens,
Azotobacter
chroococcum,
Uncultured
bacterium,
Agrobacterium rhizogenes, Uncultured soil
bacterium, Micrococcus terreus and Nitrifying
bacteium were common in the inoculated and
unoculated
soil,
although
Nitrosospira
sp.(AF359341.2),
Agrobacterium
tumefaciens
(D14500.1),
Nitrosospira sp. (AF042170.1),
Azotobacter chroococcum (AB430880) displayed
the greater density in the inoculated soils and
Agrobacterium
rhizogenes
(ATU16SRDG),

Uncultured
soil
bacterium
(HM131966.2),
Uncultured
soil
bacterium
(EU289662.1),
Micrococcus terreus (FJ423763.1), Nitrifying
bacterium (KP265273) showed the greater density
in the free soil.
Diversity indices. The Shannon-Wiener index
represents the species richness of the soil microbe
community (Fig. 4). The Shannon-Wiener index of
the soil ±free samples, based on PLFA and DGGE
profiles, stayed relatively steady, with ranges from
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1.9 to 2.0 (Fig. 4A) and from 1.8 to 2.2 (Fig. 4B),
respectively, whereas the index of the inoculated
soil displayed the increasing growth, ranging from
1.9 to 2.4 (Fig. 4A) based on PLFA profiles and
from 1.8 to 3.6(Fig. 4B) in accordance with DGGE
features. The results from the analysis of the
evenness index also showed similar characteristics
as the conclusions from the Shannon-Wiener. The
evenness indices ranged from 0.62 to 0.82 (Fig. 4A)
and from 0.55 to 0.72 (Fig. 4B) in the DGGE and
PLFA patterns of the strain-free samples,
respectively, and from 0.62 to 0.95 (Fig. 4A) and
from 0.53 to 0.96 (Fig. 4B) in the DGGE and PLFA
patterns of the inoculated soil, respectively.

DISCUSSION
Chinalia and Killham. (2006) reported that
biodegradation rates were affected by the biological
and biochemical characteristics of the indigenous
microbial community[30]. Soil bioremediation is a
complex and costly process that relies on the
microorganism coming into contact with the
pesticide and the environment in the contaminated
soil being conducive to the survival of the bacteria
instead of the ability of the microorganism to
degrade the pesticide. In our study, the abundance
of culturable bacteria was greatly altered following
the cyfluthrin degradation process by strain
FLQ-11-1 with 28 days of incubation. Few
indigenous microorganisms survived the toxicity
due to high-concentration cyfluthrin at the
beginning, and the number of microbes in the
inoculated soil was lowest within 7 days of
cyfluthrin treatment. Similar phenomena were also
found with other pesticides. Bacterial PLFA
contents were significantly reduced by acetochlor.
Wu et al. (2011) found that bacteria growth was
inhibited by di-n-butyl phthalate (DBP), whereas
inoculation with the DBP-degrading strain JDC13
could reduce this negative effect and recover the
biodiversity of soil microbes[31]. In our
experiments, we also found similar results in that
many microbes were eliminated by cyfluthrin, and
subsequently cyfluthrin concentrations in the
inoculated soil decreased from 100 mg/L to 34
mg/L during the first 7 days post strain FLQ-11-1
inoculation, thus allowing the surviving indigenous
microorganisms to grow faster. This result
suggested that cyfluthrin in the soil could be
effectively controlled by strain FLQ-11-1.
Furthermore, at 28 days of the inoculation, the
number of culturable bacteria exceeded the original
value relative to the strain-free samples. These
results imply that strain FLQ-11-1 could recover the
biodiversity of indigenous soil microorganisms.

The characteristics of the soil microbial
community
structure during
the
cyfluthrin
degradation process by strain FLQ-11-1 was
monitored using DGGE and PLFA analysis. Cluster
analysis bases on DGGE profiles and CCA based
on the PLFA features all presented similar outcomes
in that the microbial community structure differed
significantly between the strain-free samples and
the soil inoculated with cyfluthrin-degrading strain
FLQ-11-1. This character was certified by the
sequencing results that the microrganisms L.
sphaericus(KP634938.1)
and
P.
amygdali(ACXT01000084.1), were only detected
in the the soil inoculated with FLQ-11-1, while R.
leguminosarum(AY509900.1) and Nitrosospira sp.
(AF353163.1),were special microbes in the free soil.
In particular, the microbial diversity of the
strain-free sample was lower than that of the
inoculated soil, as indicated by the band numbers
and DGGE patterns. This result was consistent with
the outcomes of the diversity indices with the
Shannon-Wienner index, with a range of 1.8-2.2 in
the strain-free samples and 1.8-3.6 in the inoculated
soil. Muckian et al. (2009) revealed a significant
change in the microbial community associated with
fluoranthene or phenanthrene addition and
subsequent biodegradation[32]. Gandolfi et al.
(2010)
found
that
microbial
community
composition was impacted, and the ecotoxicity of
polycyclic aromatic hydrocarbons in soil was
reduced, due to compost amendment[33].
Additionally, PLFA analysis indicated that
biomarkers characteristic of sulfate-reducing
bacteria, other anaerobic bacteria (17:0 cyc, 20:0,
16:0, 15:0 ant, 15:0 iso), and methanotrophs
(16:1w5c) were observed remarkably consistently
in strain-free samples, which correlated with a
typical pesticide concentration. In contrast, the
typical gram-positive bacteria biomarkers (18:0,
17:0, 19:0, cy19:0, 16:0 iso, 16:0 ant, 14:0, 14:0 ant)
[34],
were
more
abundant
in
the
FLQ-11-1-incubated soil. This result may suggest
that gram-positive bacteria are showing a greater
link
to
cyfluthrin
bioremediation
than
gram-negative bacteria. This possibility is
consistent with many previous findings. Piskonen et
al. (2005) have also shown selection in the
microbial community as a result of naphthalene
biodegradation[35]. Chen et al. (2013) revealed the
dominance of Brevibacterium aureum, a
gram-positive
bacteria,
in
cyfluthrin
degradation[15]. Many species of Bacillus, a typical
taxon of G+ bacteria, have been linked to PHA
degradation [36], endosulfan and endosulfan sulfate
oxidization
[37],
polyester
polyurethane
biotransformation [38], and a reduction in heavy
metal concentration [39]. Unfortunately, no
knowledge of the main affected microbe species
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was available in our case of FLQ-11-1-incubation in
soil. Therefore, further analysis and investigation
should be performed to identify the main effected
microbes and the mechanisms of degradation
regulation.
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APPLICATION OF POSITIVE MATRIX FACTORIZATION TO
IDENTIFY POTENTIAL SOURCES OF TRACE METALS IN
WATER FROM SUBSIDENCE AREA
Xianghong Liu1,2,*, Jingcun Yu1, Linhua Sun2, Herong Gui2
1. School of Resources and Geosciences, China University of Mining and Technology, Jiangsu 221116, P.R.China
2. National Engineering Research Center of Coal Mine Water Hazard Controlling, Anhui 234000, China

conditions and the anthropogenic contamination.
This problem is more obvious in coal mining areas:
previous studies suggested that more than 71% of the
coal mining areas in China were lacking of water and
40% of them were serious [6]. However, to be
important water reservoir, the subsidence pools in
the coal mining area have not been seriously
considered before the year of 2000. In this century,
more and more scientists realized that the large
amount of water in the subsidence areas might be a
good choice for solving the water lacking problem in
the coal mining area [7].
To be one of the most important kinds of
contaminants in the environment, trace elements,
especially the toxic ones (e.g. Hg, Cd, Pb, Zn et al.),
have long been concerned by scientists because of
their special characteristics (e.g. wide range of
sources, serious toxicities and difficulties of
remediation). And a large number of studies have
been processed in the natural environments,
including pollution degree evaluation, sources
identification and remediation, etc. [8-10]. However,
similar work related to the subsidence area has not
been processed.
Therefore, in this study, a total of fifty-three
water samples have been collected from the
subsidence water area in the Zhuxianzhuang coal
mine, a representative coal mine in northern Anhui
Province, China, and the concentrations of seven
kinds of trace metals (Pb, V, Cr, Mn, Co, Ni and Cu)
have been analyzed. Then, their suitability for
application has been evaluated and their sources
have been identified by positive matrix factorization
(PMF) model. The study can provide information for
the usage of the water and the management of the
subsidence area.

ABSTRACT
Water in the subsidence area induced by
underground coal mining is important for the
environmental protection in northern Anhui
Province, China. In this study, EPA PMF model has
been applied for the concentrations of seven kinds of
trace metals (Pb, V, Cr, Mn, Co, Ni and Cu) in water
from the subsidence area in the Zhuxianzhuang coal
mine, northern Anhui Province, China for
identifying their potential sources. Coefficients of
variation and p-value of Anderson-Darling test of
metal concentrations indicate that they are affected
by multi factors (natural processes and
anthropogenic discharge). Based on the variations of
Q values, three sources have been determined by
EPA PMF model: waste discharge, natural processes
and coal gauge dump, and their contributions are
different for the water chemistry in different pools.
Moreover, for protecting the water quality, clean the
discharged waste, and move the coal gauge dump
near the subsidence area to other places and take
environmental restoration are needed.

KEYWORDS:
trace metals; source; subsidence area; coal mining; EPA
PMF

INTRODUCTION
Among the environmental problems (e.g.
contamination of the water, soil and air, ground
subsidence) induced by underground coal mining in
China during the last decades [1-3], subsidence is
considered to be the most serious environmental
geologic hazard, which can not only destroy the
construction and vegetation in the surface area, but
also have an influence on the water systems in the
surface and underground [4]. In last decade, the
newly formed subsidence area is up to 130 km2 every
year and the subsidence area has raised up to 700,000
hm2 by the end of 2006 [5].
Water shortage is serious in the current world
and China because of the variations of natural

MATERIALS AND METHODS
Study area. There are five coal mines located
in the region of Suzhou City: the Zhu Xianzhuang
and Luling coal mines in the southeast, and TaoyuanQinan-Qidong coal mines in the south. The
Zhuxianzhuang coal mine is located 13 km southeast
WRWKH6X]KRX&LW\ *36(ƍƎ-ƍƎ
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FIGURE 1
Location of the study area (I, II, III and IV are sample locations in subsidence water areas
around the Zhuxianzhuang coal mine).
1ƍƎ-ƍƎ  (Fig. 1). The annual
production of coal is 1.2 million tons and has been
increased up to 1.8 million tons since 2005. After
more than 28 years of coal mining, there are more
than 4 km2 of subsidence areas have been formed
(Fig. 1). There is a coal gauge dump located in the
center rounded by subsidence pools (in Fig. 1, west
and north to the pool IV and II, respectively), which
can affect the water quality in the two pools.
Moreover, all of the pools are rounded by residence
area, and therefore, anthropogenic pollution cannot
be ruled out (e.g. discharge of wastes). Another
phenomenon is that all of the pools are landfilled by
coal gauge.

apportionment equations by oblique solutions in a
reduced dimensional space [11, 12]. The PMF model
defines the concentration matrix of chemical species
measured at receptor sites as the product of source
composition and contribution factor matrices matrix
with a residue matrix. It has long been used for
quantifying
the
source
contributions
in
environmental studies. In this study, the model
created by US EPA (PMF 5.0) has been applied, and
the detailed information about the software can be
found in Norris and Duvall [13].

Analytical methods. A total of fifty-three
water samples have been collected from the
subsidence water areas in the Zhuxianzhuang coal
mining area (14, 13, 13 and 13 samples from pools I,
II, III and IV in the Fig. 1, respectively). Water
VDPSOHV ZHUH ILOWHUHG WKURXJK  ȝP SRUH-size
membrane and collected into a 2.0 L polyethylene
bottles that had been cleaned in the laboratory, and
immediately acidified to pH<2 by HNO3 for
prevention of element precipitation and/or
adsorption by the bottle. Then the samples were sent
to the laboratory for analysis in 24 hours. Analytical
processes were taken place in the Engineering and
Technology Research Center of Coal Exploration in
Anhui Province, China. Concentrations of seven
kinds of trace metals (Pb, V, Cr, Mn, Co, Ni and Cu)
have been analyzed by ICP-MS (Element II). The
international standard solutions after dilution have
been applied for calibration, and most of the samples
have relative standard deviations less than 10%.

Descriptive statistics. All of the analytical
results are synthesized in Table 1 and 2. As can be
seen from the Table 1, these water samples have
mean concentrations of V > Cu > Ni > Mn > Pb >
Cr > Co. Their mean concentrations are 4.035, 1.071,
    DQG  ȝJO
respectively. As to different subsidence pools, water
samples from the pool II have the highest mean
concentrations of most the metals (including Pb, V,
Cr, Mn, Ni and Cu), whereas the highest mean
concentration of Co is observed in the pool I.
Comparatively, the lowest mean concentrations of
most of the metals (including Pb, V, Cr, Co and Ni)
are observed in the pool IV, and the lowest mean
concentrations of Mn and Cu are observed in the
pool III (Table 2). This phenomenon suggests that
these four pools have different natural and
anthropogenic conditions. Moreover, in comparing
with the surface water quality standard of China
(GB3838-2002), the highest Pb, Cr and Cu (other
metals have not been included in the standard)
concentrations of the samples are lower than the
class I water standards, which suggest that the

RESULTS AND DISCUSSIONS

Positive matrix factorization. PMF is a PCAbased receptor model with non-negative constraints
that involve solution of quantitative source
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TABLE 1
Descriptive statistics of metal concentrations (ug/l).
Pb
V
Cr
Mn
Co
N
53
53
53
53
53
Minimum
0.002 0.885 0.025 0.106 0.014
Maximum
1.294 7.341 0.471 4.137 0.344
Median
0.235 4.759 0.110 0.483 0.056
Mean
0.267 4.035 0.132 0.769 0.119
Coefficient of Variation 0.997 0.467 0.783 1.158 0.936
p-value
<0.01 <0.01 <0.01 <0.01 <0.01

Ni
53
0.155
1.736
0.735
0.784
0.503
0.078

TABLE 2
Metal concentrations of water from the subsidence areas (ug/l).

Pb
V
Cr
Mn
Co
Ni
I(n=14)
0.145
4.96
0.096
0.979
0.233
0.791
II(n=13) 0.554
5.60
0.192
1.42
0.160
1.25
III(n=13) 0.289
4.15
0.184
0.309
0.048
0.701
IV(n=13) 0.059
1.31
0.053
0.318
0.029
0.356

Cu
53
0.173
2.902
0.852
1.071
0.624
<0.01

Cu
0.932
2.02
0.608
0.657

analysis, such as the Kaiser criterion [14], the screen
test [15] and the Exner function [16], although the
most popular applied criterion is eigen-value higher
than one. In PMF, the choice of the number of factors
is more compromise: too few factors will combine
sources of different nature together, too many factors
will make a real factor further dissociate into two or
more non-existing sources [17].

water is suitable for domestic, agriculture and
industry purpose (based on only these three metals).
However, a comparative work with other subsidence
pools near the study area cannot be processed
because the data is lacking as there is no similar work
has been brought to light.
Previous environmental studies revealed that a
low coefficient of variation (< 0.1) indicates the low
degree of anthropogenic contribution, whereas a
high coefficient of variation (> 0.9) indicates high
degrees of anthropogenic contribution. In this study,
metal concentrations of the water samples have
coefficients of variations range from 0.467 to 1.158,
which indicates that all of them are statistically
inhomogeneous and cannot be contributed by a
single source, especially the metals (Pb, Co and Mn)
with coefficient of variation (> 0.9).
This consideration can also be supported by
their p-values of Anderson-Darling test, as only Ni
have p-values higher than 0.05 (Table 1), which
means that all of the metal concentrations (except for
Ni) cannot pass the normality test, and implying that
they have multi sources.
Such a phenomenon is consistent with the truth
that there are multi factors can affect the water
quality of the subsidence pools in this study, e.g.
natural processes (geological weathering/dissolution,
precipitation, surface water recharge, groundwater
exchange) and anthropogenic discharge as
mentioned in the description of study area.

FIGURE 2
Q value versus factor numbers.
In this study, the variations of Q values
(including Qtrue and Qrobust) have been applied for
solving this issue, as it can provide a comparison of
the fit of the runs. The numbers of factors are plotted
against Q values (Fig. 2), as can be seen from the
figure, when set the number of factors to be two, the
Qtrue and Qrobust are similar to each other (17.7).
However, the Q values are dropping drastically when
the number is set to be three (Q value = 0.9), and then
stable when the
numbers are set to be four (Q value = 0.2) and five
(Q value = 0.1). Moreover, when the number of
factors set to be three, the coefficients between
observed and predicted data of all the trace metals

The number of sources. Firstly, all of the data
entered into EPA PMF model were checked by
concentration/ Uncertainty model, and all of the
seven kinds of trace metals have been classified to be
strong category, which suggest that all of them can
be used for PMF analysis.
There are several principles can be used for the
determination of the number of factors in factor
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TABLE 3
Coefficients between observed and predicted data.
Pb
V
Cr
Mn
Co
Ni
r
0.828
0.998
0.503
0.992
0.809
0.924
Note: rĮ=0.351 (Į=0.01), UĮ 271 (Į=0.05).
TABLE 4
Factor contributions (%) for trace metals.
Pb
V
Cr
Mn
Co
Ni
Factor 1# 1.4
11.0
77.2
16.1
19.4
Factor 2# 4.5
71.1
100
83.9
48.9
Factor 3# 94.1
17.9
22.8
31.7
Factor 1* 7.8
11.9
6.6
31.4
14.9
14.6
Factor 2* 38.6
65.8
77.6
55.1
77.8
57.9
Factor 3* 53.6
22.3
15.8
13.5
7.3
27.5
Note: # and * mean base model run and after Fpeak (-0.5) rotation run.

Cu
0.960

Cu
18.4
27.3
54.3
13.9
50.4
35.7

dominated by Pb and followed by Cu, Ni, Mn and V,
the contributions of the Factor 3 for them are 94.1%,
54.3%, 31.7%, 22.8% and 17.9%, respectively.
For better understanding about each factor, the
Fpeak rotation has been processed for the analysis
and Fpeak strength between -1.0 and 1.0 with step
0.5 have been chosen. The results suggest that with
Fpeak strength equal to -0.5, the Qrobust and Qtrue
is the smallest, 49.8 and 6.7, respectively with
FRYHUDJHG WR EH ³\HV´ 7KH DQDO\WLFDO UHVXOWV ZLWK
Fpeak strength equal to -0.5 are also shown in Fig. 3
and synthesized in Table 4 for comparison. As can be
seen from the figure and table, the contributions of
each factor for each metal have been changed. Factor
1 is dominated by Mn and followed by Co, Ni, Cu,
V, Pb and Cr, Factor 2 is dominated by Co, Cr, V and
followed by Ni, Mn, Cu and Pb, whereas Factor 3 is
dominated by Pb and followed by Cu, Ni, V, Cr, Mn
and Co.
The first factor, as revealed by the Fig. 3 and
Table 4, is considered to be an source related to
anthropogenic activities because the contribution of
this source for all of the samples cannot pass the
normality test (p-value < 0.01), and the source
related to waste discharge should be considered to be
the most probability one, because it is dominated by
Mn, which is considered to be main pollution related
to waste discharge except for N, P and Fe [18]. It can
also be demonstrated by factor contributions in Fig.
4: before rotation, the contributions of factor 1 are
observed in all of the water samples, and three
samples collected from the pool II have high
contributions from this factor. After rotation, three
samples from the pool II and three samples from the
pool IV have high contributions from this factor.
During our field investigation, there is a garbage
landfill near the points of sampling. It can also be
observed in Fig. 4 that almost all of the samples are
contributed by this factor, although the contribution
ratios are varying significantly, implying that the
waste discharge around the subsidence pools is a
common

range from 0.503 (for Cr) to 0.998 (for V), higher
WKDQWKHFULWLFDOFRHIILFLHQW UĮ Į Q 
Table 3). Therefore, three sources (factors) are
considered to be reasonable, and the following
discussion is based on the results from the three
factor model analysis.

FIGURE 3
Factor fingerprints (upper and lower are based
on base model and Fpeak rotation, respectively).
Source profiles. The analytical results of PMF
base model run are shown in Fig. 3, and the statistical
results are synthesized in Table 4. As can be seen
from the figure and table, the Factor 1 is dominated
by Mn and followed by Ni, Cu, Co, V and Pb, the
contributions of the Factor one for them are 77.2%,
19.4%, 18.4%, 16.1%, 11.0% and 1.4%, respectively.
The factor 2 is dominated by Cr, Co, V and followed
by Ni, Cu and Pb, the contributions of the Factor 2
for them are 100%, 83.9%, 71.1%, 48.9%, 27.3%
and 4.5%, respectively. As to the Factor 3, it is
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FIGURE 4
Factor contributions (upper and lower are based on base model and Fpeak rotation, respectively.
Sample 1-14, 15-27, 28-40 and 41-53 are collected from pools I, II, III and IV, respectively).
phenomenon, because these pools are rounded by
human residence (Fig. 1).
The second factor can be explained to be the
source related to be natural processes (including
geological weathering/dissolution and other natural
processes, such as precipitation, surface water
UHFKDUJHDQGJURXQGZDWHUH[FKDQJH 7KDW¶VEHFDXVH
Cr, Co, V and Ni are mainly contributed by this
factor (Table 4), and Ni is the only metal can pass the
normality test (Table 1). Moreover, the contributions
of this factor for each sample are relative stable in
the pool I and III. The former is a small park with
better protection than others, and the latter has
relative fewer residences around it and far away from
the coal gauge dump. It can also be demonstrated by
the Anderson-Darling test of the contributions of
each sources, as the source two have highest p-value
(0.03) than other two sources (<0.01). Moreover,
previous studies revealed that these metals are
always released by silicate weathering processes and
adsorbed by clays [19].
The third factor should be considered to be the
source related to coal gauge dump in the study area,
because its contribution cannot pass the normality
test (p-value < 0.01) and should be an anthropogenic
source. It can also be found that the samples with
high contributions from this source are located in the
pool II and IV (Fig. 4), especially after Fpeak
rotation. These two pools are located south and east
to the coal gauge dump and there is no obvious
anomaly near the sampling site, different with those
of the samples with high contributions from the
factor 1 that garbage landfill near the sampling site.
Moreover, similar to the factor 1, almost all of the
samples have contributions from this source,
although with varying contributions as revealed by
)LJ  WKDW¶V EHFDXVH DOO RI WKH SRROV DUH ILOOHG E\
coal gauge during the last decades.

70.0

Source contribution (%)

60.0
50.0
40.0

Source 1

Source 2

30.0

Source 3
20.0
10.0
0.0

pool I

pool II

pool III

pool IV

All

FIGURE 5Source contributions.
Source
contributions.
The
source
contributions calculated by EPA PMF are shown in
Fig. 5. As can be seen from the figure, water samples
from different pools have different contributions
from the three sources: the contributions from the
source 1 (waste discharge), 2 (natural processes) and
3 (coal gauge dump) for water samples from the pool
I are 28.4-68.8% (mean = 43.9%), 25.0-71.6% (mean
= 42.1%) and 0-35.6% (mean = 13.9%), respectively,
whereas their mean contributions for the water
samples from the pool II are 26.1%, 24.9% and
49.0%, respectively. The water samples from the
pool III are mainly contributed by source 2 (58.8%),
and followed by source 3 (31%) and 1 (10.2%). As
to the water samples from the pool IV, source 3 is the
main contributor (61.3%).
Such a phenomenon suggests that the natural
conditions of these four pools are different. The
waste discharge has highest degree of impact on the
pool I, and followed by the pool II and IV, the pool
III has the lowest contribution from this source.
However, the pool III has the highest contribution
from the natural processes source. Moreover, high
contributions from the coal gauge dump are observed
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LQWKHSRRO,9DQG,,WKDW¶VEHFDXVHWKH\DUHORFDWHG
near the coal gauge hill.
Therefore, clean the discharged waste near the
pool I, and move the coal gauge dump to other places
and take environmental restoration might be choice
for the environmental protection of the study area.
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9(1): 81-85.
[9] Begum, A., Ramaiah, M., Khan, I. and Veena, K.
(2009) Heavy metal pollution and chemical
profile of Cauvery River Water. Journal of
Chemistry, 6(1): 47-52.
[10] Peng, J. F., Song, Y. H., Yuan, P., Cui, X. Y. and
Qiu, G. L. (2009) The remediation of heavy
metals contaminated sediment. Journal of
hazardous materials, 161(2): 633-640.
[11] Paatero, P. and Tapper, U. (1994) Positive matrix
factorization: A non-negative factor model with
optimal utilization of error estimates of data
values. Environmetrics, 5(2): 111-126.
[12] Paterson, K. G., Sagady, J. L., Hooper, D. L.,
Bertman, S. B., Carroll, M. A. and Shepson, P.
B. (1999) Analysis of air quality data using
positive matrix factorization. Environmental
Science & Technology, 33(4): 635-641.
[13] Norris, G. and Duvall, R. (2014) EPA Positive
Matrix Factorization (PMF) 5.0 Fundamentals
and User Guide (EPA/600/R-14/108). U.S.
Environmental Protection Agency.
[14] Kaiser, H.F. (1960) The application of electronic
computers to factor analysis. Educational and
Psychological Measurement, 20: 141-151.
[15] Cattell, R.B. (1966) The screen test for the
number of factors. Multivariate Behavioural
Research, 1: 245-276.
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in Hong Kong. Atmospheric Environment,

CONCLUSIONS
Based on the application of EPA PMF model for
the concentrations of seven kinds of trace metals (Pb,
V, Cr, Mn, Co, Ni and Cu) in water from the
subsidence area in the Zhuxianzhuang coal mine,
northern Anhui Province, China, the following
conclusions have been obtained:
(1) The water samples have mean
concentrations of V > Cu > Ni > Mn > Pb > Cr > Co,
and the metal concentrations among different pools
are different with each other, which suggest that they
have different natural and anthropogenic conditions.
(2) Statistical analysis, including coefficients of
variation and Anderson-Darling test of metal
concentrations indicate that they are affected by
multi factors (geological weathering/dissolution and
anthropogenic discharge).
(3) Based on the variations of Q values, three
sources have been determined by EPA PMF model:
waste discharge, natural processes or dissolution and
coal gauge dump, and their contributions are
different for the water chemistry in different pools.
(4) According to the analytical results, clean the
discharged waste near the pools, especially the pool
II, and move the coal gauge dump (located north and
west to the pool II and IV) to other places and take
environmental restoration (related to the filling of
coal dump in the pools) are needed in the study area.
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content, crude ash content and some volatile matter
content etc. Minerals like ash is measured by the
residual water and organic material left by the heating
process of proximate analysis that reveals the direct
measurements of total amount of minerals in a
particular sample [3, 4].The daily food intake has a
balanced amount of nutrients and if some nutritional
imbalance occurs, then the required amount of
nutrients is achieved by adding the missing ingredients
to regulate their intake of toxins [5]. Considering the
importance of quality of food needed for the proper
growth and development of the ruminant, present
investigation was conducted. It would help the
stockmen to further improve the quality of foodstuff
being given to the ruminants for enhancement of yield
and growth along with analyzing the dietary potential
of wild plants used for livestock. Pakistan has been
blessed by the variety of soil, climate, geographical
and topographical conditions that support diverse field
crops, forage and medicinal plants [6]. Keeping in
view the pivotal role of forage crops among the grazing
livestock, the study was initiated to ascertain the
chemical conformation, dietetic impending and
immediate configuration in forage species.

INTRODUCTION

MATERIALS AND METHODS

MDQ¶V OLIH LV FORVHO\ DVVRFLDWHG ZLWK UHQHZDEOH
and non-UHQHZDEOHHDUWK¶VQDWXUDOUHVRXUFHV[1]. Plant
growth and nutritional implication is evaluated by
process of proximate and certain nutritional analyses
[2]. A series of analysis performed under the umbrella
of proximate analysis of given plants source
disseminate very immense information on moisture

The study comprised of twenty different types of
plants that were collected from diverse sites of Soon
Valley keeping in view the best hygienic conditions e.g.
Jahlar Lake, Amb Temples, Akrand Cliff Fort
Naushahra Village, Uchhali Lake and Khabeki Lake.
Following forage plants were collected to be analyzed
for proximate composition.

ABSTRACT
Present study was carried out in central Punjab,
Pakistan to determine the proximate composition of
different wild plants. These plants were collected and
subjected to analyses using the Association of Official
Analytical Chemists method. The percentage of ash
content, moisture content, crude proteins, crude fiber
and ether content were determined. The ash percentage
varied from 18.35 to 23.5% with highest ash
percentage in U. dioica and lowest in P. annua.
Variations were observed in moisture contents, dry
matter and dry weight. Two extremes, 18.41% and
21.65%, in crude protein content were observed among
all plant species being highest in A. cana and lowest in
V. venosa. All plants were rich in dietary potential and
their utilization in well balanced manner could benefit
the livestock holders. The research was carried out to
ascertain the forage quality and quantity and growth of
grazing livestock and their yield.
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TABLE 1
Plants with scientific, common and family name
S.No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Plants
Collomia grandiflora
Viola venosa
Artemisia cana
Salsola kali
Verbena bracteata
Urtica dioica
Thlaspi arvense
Solanum triflorum
Poa annua
Cyperus rotundus
Setaria viridis
Tinospora malabarica
Amaranthus spinosus
Collinsia parviflora
Adiantum capillus-veneris
Heliotropium strigosum
Galium boreale
Euphorbia glyptosperma
Aerva lanata
Conium maculatum

Common Name
mountain trumpet
Goosefoot violet
Silver sagebrush
Prickly saltwort
Bigbract verbena
Common nettle
Penny cress
Cutleaf nightshade
Meadow grass
Nut grass
Bristle grass
Wild tinospora
Prickly amaranth
Small flowered collinsia
Maiden hair fern
Heliotrope
Northern bedstraw
Ridge-seed Spurge
Mountain Knotgrass
Conium

Family
Polemoniaceae
Violaceae
Asteraceae
Amaranthaceae
Verbenaceae.
Urticaceae
Brassicaceae
Solanaceae.
Poaceae
Cyperaceae
Poaceae
Menispermaceae
Amaranthaceae
Plantagiaceae
Pteridaceae
Boraginaceae
Rubiaceae
Euphorbiaceae
Amaranthaceae
Apiaceae

Crude protein. 1g of sample was taken in the
flask to digest it with the help of sulphuric acid and
potassium sulfate followed by heating, boiling and
distillation.

Forage sample collection. Twenty forage plants
with five samples of each plant were collected from
different sites of Soone Valley and put in labeled bags.
The samples were first air dried and then oven dried for
4 days at 70°C. The samples were further ground into
powdered form for further analysis.

Crude fibers. Crud fiber was determined by the
help of acid base digestion method. 1.25% of diluted
sulphuric acid and 1.25% of sodium hydroxide were
used. Sample was placed in a beaker, then 200 ml of
sulphuric acid was added. The samples were boiled for
half an hour followed by cooling, filtration, distillation,
washing, digestion, heating and cooling.

Proximate analysis. A series of analysis was
made and the samples were subjected to determine the
percentage of moisture content, crude proteins, ash
content and crude fiber in the samples according to the
Association of Official Analytical Chemists methods
[7].
Ash Test. One g of sample was burnt at the
temperature of 600 ºC to extract ash contents
determined by using following formula:
Ash% =
Weight of ash
x 100
Weight of sample

Ether Extract. A dried sample (2 g) was
extracted with petroleum ether (4-60 ºC) in soxhlet
apparatus which enabled the removal of ether soluble
components present in it. At the temperature of 70 ºC,
the extracted material was dried to constant weight in
an oven.

Dry matter. The contents of dry matter were
determined by applying the formula:
Dry matter in percentage= 100 - moisture amount
Moisture contents. The percentage of moisture
was determine by applying the following formula:
Moisture amount=Weight of sample before drying- Weight of sample after drying x100
Weight of sample after drying
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properties could be the cause of this increased content
which could be further assessed by understanding soil
properties of area under study.

Statistical analysis. Normality of the data was
checked before analyzing the data statistically.
Parametric tests were applied on normally distributed
data. Two sample t-test was used to compare the
concentration of different variables of forage plants in
study site. Statistical software SPSS (version 17) was
used for analyzing the data. Difference was considered
significant at p values less than 0.05.

Moisture Content. The moisture contents
measured in plant samples ranged from 4.67% to
7.09%. The maximum moisture contents were
observed in C. parviflora and minimum in Poa annua
plant samples (Fig. 2). The significance levels are
depicted in table. 2. The findings of Aykroyd and
Doughty [10] were different from current values as
those values fell between 7.0 and 10%. Highest
moisture content observed in this investigation was
similar to the minimum reported value legumes [10].
However, some of the values stayed around the range
reported in white melon, water melon and pumpkin, i.e.
5.0 to 10% [11]. Penuel et al. [12] reported moisture
content of 5.05% in Citrullus vulgaris. Imeh and
Khokhar [13] concluded that the moisture content
variation was dependent upon diverse and multiple
factors like seasons, cultivation regions, storage
conditions and soil profiles.

RESULTS AND DISCUSSIONS
Ash. Ash percentage varied between18.35% to
23.5% with highest ash percentage in U.dioica while
lowest in Poa annua (Figure 1). The level of
significance was noted for Ash percentage at (p<0.05)
(Table 2). Kidney beans were identified as main source
of higher ash percentage with the value of 3.85%.
Similar results were reported by Qayyum et al. [8]. Ash
percentage was also higher than in dark brown fruits of
Gmelina arborea (8.91%) [9]. In the present study,
higher ash contents were recorded which were
indicative of high mineral content in plants. Soil

FIGURE 1
Ash concentration fluctuations in different plant species

TABLE 2
Analysis of variance of data for Ash, Moisture content, dry matter, crude proteins,crude fibers and ether
extract concentration in plant species
Source of
Variation

Degree of
Freedom

Plant Species
19
Error
40
*** = significant at 0.001
**=significant at 0.05

Ash

Moisture

Dry matter

4.273**
2.153

1.286***
.160

1.281***
.162
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Mean Squares
Crude
Crude
Proteins
Fiber
3.355***
8.822***
.867
.617

Ether
Extract
.006**
.003
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venosa (Fig. 4). Variation for crude protein was highly
significant (p < 0.001) in all plant species under
investigation (Table 2). Penuel et al. [12] reported
protein content value of 36.58% in Citrullus vulgaris
while 25.8%-38.1% range was reported in certain
varieties of melon family [17]. Some of the values in
present study were in agreement with reported limits in
kidney beans [8]. Present investigation showed that
protein content was quite adequate in all the plants and
these plants could potentially fulfill the requirements
of all the ruminants.

Dry matter. The figure 3 depicts clear variation
in dry matter, ranging from 92.9 to 95.32% in the due
course of plants species under consideration. Poa
annua revealed maximum dry weight value while C.
parviflora showed minimum value. Elemo et al. [14]
reported highest value of dry matter content in African
locust bean (88.79%) however Mutayoba et al. [15]
revealed 87.20%. Similarly, 96.79% dry matter was
reported in Moringa oleifera by Ogbe et al. [16].
Crude Proteins. The present study revealed a
range of 18.41 and 21.65% among all plant species
depicting the highest value in A. cana and lowest in V.

FIGURE 2
Moisture content fluctuations in different plant species

FIGURE 3
Dry matter percentage fluctuations in different plant species
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FIGURE 4
Crude protein percentage fluctuations in different plant species

FIGURE 5
Crude fiber percentage fluctuations in different plant species
(S. kali). Analysis of variance showed that ether
percentage was significant at (p<0.05) (Table 2). Fat
content (ether extract) was well below 1.58%, as
reported in Blighia sapida [19]. However, crude fat
value of 0.81% reported in lentils [8] lied within the
range of present investigation. Gordon and Kessel [20]
concluded that low fat foods were highly significant to
cure the higher level of cholesterol level. Ether content
is basically lipid content and a power house for energy
conservation and maintenance of body functions. It is
also an important phenomenon that the right
proportions of every nutritive diet or dose would be
helpful to the body to regulate the metabolic effects.

Crude Fiber. Figure 5 shows diversity in results
delineated in case of crude fiber ranging from 11.77 to
17.61% in all plant species under observation. The
maximum value was reported in C. rotundus while the
minimum value was observed in T. malabarica plant
samples. The analysis of variance revealed highly
significant (p< 0.001) differences in crude fiber
content (Table 2). Penuel et al. [12] concluded the
crude fiber content in Citrulus vulgaris to range from
4.0 and 6.0%. However, crude fiber content given in
Egusi melon was 12% as reported by Ojieh et al. [18].
Ether Extract. Figure 6 reveals ether extract
percentage ranging from 0.799 (S. viridis) to 0.932%
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FIGURE 6
Ether extracts fluctuations in different plant species

CONCLUSIONS
The experiment was conducted on an important
VLWH³6RRQYDOOH\'LVWULFW.KXVKDE3XQMDE3DNLVWDQ´
aiming the proximate composition of the forage
samples of twenty different plant species which were
indicative of high inorganic mineral and other nutritive
values. The results depended upon the multiple factors
like season, region, storage conditions and soil profile.
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BIODEGRADATION AND DEGRADATION PRODUCTS OF
TETRACYCLINE BY COCHLIOBOLUS LUNATUS
Lu Wen *, Weihua Wan, Xi Kang, Gang Chen
School of Pharmacy, Guangdong Pharmaceutical University, Guangzhou 510006, China

broad-spectrum applicability, high quality and low
price, have commonly been used for human therapy
and in agriculture sector as feed additive [1, 2]. But
the use of antibiotics has resulted in a high level of
antibiotic-resistant bacteria, which has a long
environmental half-life [3, 4]. Although there are
more and more reports on biodegradation of TC with
microorganisms, but TC was not properly removed
in conventional biological processes due to its
toxicity or recalcitrance [5]. Therefore, it is
necessary and important to explore new strains that
can biodegrade TC into degradation products with
low toxicity and excellent water solubility.
Generally, antibiotics are resistant to
biodegrading microorganisms, which disrupt their
growth and metabolism [6]. Microencapsulation
protect microbial cells well against all types of stress
environments by isolating microbial cells from the
outside [7]. Many results have proved that fungal
cells grow more slowly than bacterial cells, and the
fungal cells are more resistant to high salt and are
more suitable to live in a broad temperature range [8,
9]. As mentioned above, a microcapsule represents
an
exciting
biotechnology
approach
to
biodegradation as one of the preferred systems for
cell culture, but little attention was paid to
immobilize the fungal cells to remove antibiotics
from wastewater and the identification of
degradation products [10, 11].
In our previous research, microbial cells were
successfully entrapped with low-density cells and
liquid medium culture to produce high-density cells
[12]. And in this study, we investigated
biodegradation and the degradation products of TC
using a fungus C. lunatus (no. Cyc15), and carried
out a laboratory-scale reproducibility experiment. To
our knowledge, the biodegradation ability of the
strain in the present study is stable and better than
the previous reports, and the degradation products of
TC are different from those reported previously in
the literature.

ABSTRACT
Tetracycline antibiotics (TCs) are widely used
in human and veterinary medicine. The release of
TCs into the environment is of considerable concern
because persistent antibiotic residue may lead to the
development of antibiotic-resistant bacteria, so a
bio-friendly treatment method is required. In this
study, a fungus Cochliobolus lunatus (no. Cyc15)
was chosen on the basis of remarkable reduction
(89%) of tetracycline (TC). Four main degradation
products were separated by HPLC and determined to
be N-[(2E)-3-(3-methyl-2-oxo-2H-pyran-6-yl)-1oxo-2-buten-1-yl] glycine, 3-hydroxy-4-hexenoic
acid, 5-methoxy-2-methylchromone and 3,4dihydro-8-hydroxy-3-methyl-1H-2-benzopyran-1one, which had lower molecular weights and lower
toxicities. We also investigated the use of a
microcapsule column chromatography system that
immobilized the fungal cells in chitosan-Ca-alginate
microcapsules by an emulsification/internal gelation
technique for a laboratory-scale reproducibility
experiment. Compared with the results by free
fungal cells, immobilization protected the fungal
cells well, the biodegradability of the fungus was
stable, and the degradation products were nearly
unchanged. This suggests that the immobilized
fungal cells of C. lunatus (no. Cyc15) we developed
were stable and efficient and could be used in
bioremediation applications.

KEYWORDS:
Biodegradation; Cochliobolus
products; Tetracycline

lunatus;

Degradation

INTRODUCTION
Tetracycline antibiotics, because of their
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with 10% NaOH or 36.5% HCl before sterilization
and incubated at 27 °C on a rotary shaker at 120 rpm
for 3 d.
The degradation of TC test medium was similar
to that of the liquid medium, but the glucose was
replaced with TC hydrochloride. TC hydrochloride
was added as the only carbon source at
concentrations of 0.2, 0.4, 0.6, 0.8 and 1.0 g/L, and
it required two days for a tolerant measurement
period. After 9 days, the mycelial mass was removed
from the broth by filtration, and the broth was
extracted with two volumes of EtOAc, dissolved in
MeOH and filtered with a 0.45-ȝm membrane. The
reduction of TC was determined for which an
analytical method was available by means of HPLC,
and the quantification of the samples was based on
the peak areas. The UV detector was set at 269 nm,
and a Hypersil ODS2 column (4.6×250 mm, particle
size 5 ȝm; Hypersil, China) was used for analysis in
this experiment. A ratio of 20% acetonitrile and 80%
water (0.01% oxalic acid) was employed. Based on
TC tolerance and degradation, a ³7DOHQWHG6WUDLQV´
C. lunatus (no. Cyc15) was selected by HPLC
comparison of each extract.

MATERIALS AND METHODS
Reagents and materials. Tetracycline
hydrochloride (AR Grade, 99%) was purchased from
Guangzhou Ruishu Biotechnology Limited
Company (China). Acetonitrile and methanol
(HPLC Grade) were obtained from Dikma
Technologies Inc. (China). Deuterated CHCl3 and
DMSO
were
purchased
from
Qingdao Tenglong Weibo Technology Co., Ltd
(China).
Chitosan
(Mw=150000,
85%
deacetylation) was purchased from Golden-Shell
Pharmaceutical Co. Ltd. (China), sodium alginate
was obtained from Tianjin Kemiou Chemical
Reagent Co. Ltd. (China), and xanthan gum was
purchased from Guangzhou Kehao Biology
Engineering Co., Ltd. (China). All other chemicals
used were of analytical grade.
General experimental procedures. NMR
spectra were recorded with a Bruker DPX-300
spectrometer operating at 300 MHz for 1H NMR and
75 MHz for 13C NMR. NMR chemical shifts are
referenced to the residual CHCl3 (7.26 ppm for 1H
and 77.0 ppm for 13C NMR) and DMSO (2.50 ppm
for 1H and 39.5 ppm for 13C NMR) in the deuterated
solvent. The particle size was recorded on a
Mastersizer 2000 laser particle size analyzer
(Malvern, UK). EIMS was recorded on a Thermo
DSQ II EI-mass spectrometer. Optical microscope
images were recorded on an MIT100 optical
microscopy (Chongqing Optec Instrument Co., Ltd,
China). HPLC determination and separation were
carried out on a LC-10AT liquid chromatographic
instrument (Shimadzu, Japan). Strain sterilization
and culture were carried out on an YM75 vertical
pressure steam sterilizer (Shanghai Sanshen Medical
Apparatus and Instruments Co., Ltd, China), a TOP870 NC super-clean bench (Guangdong Guangjie
Cleaning Equipment Co., Ltd, China) and an SPA250C constant temperature and humidity incubator
(Shanghai Boxun Industry Co., Ltd, China).

Isolation and identification of degradation
products. The methanol solution of the broth of the
fungus Cyc15 was chromatographed on a reversedphase HPLC (Venusil XBP C18: 10×250 mm,
particle size 10 ȝm, Agela, China) using 20:80
CH3CN-H2O (0.01 mol/L oxalic acid) to give 1 (4
mg, tR 20.11 min), 2 (15 mg, tR 30.64 min) and 3 (9
mg, tR 33.77 min). The structures were identified by
1
H NMR, 13C NMR and EIMS.
Preparation of microcapsules. Microcapsules
were prepared by the extrusion method with slight
modification from the literature [13]. Sodium
alginate (1 wt%) was prepared in distilled water and
sterilized at 121 °C for 15 min. The chitosan solution
was prepared by dissolving 4 g of chitosan in 950 mL
of 0.1 mol/L acetic acid, and the pH was adjusted to
5.7-6 with 1 mol/L NaOH. The mixture was adjusted
to 1 L with distilled water and filtered through a
Whatman #4 filter paper. The suspension was
autoclaved at 121 °C for 15 min. The fungal pellet
was washed twice with 0.9% saline and resuspended
in 10 mL of 0.9% saline. Then, 2 mL of the
suspension was added to 10 mL of sodium alginate
solution. The suspensions were extruded dropwise
through a 0.11-mm needle into sterile 0.3 mol/L
CaCl2 as a hardening solution. After 30 min of
gelification in CaCl2, the formed microcapsules were

Screening of fungal strains for degradation
of tetracycline. The fungal strains used in this study
were screened from a strain library in our lab. All of
the strains were cultured on slants of potato dextrose
agar at 27 °C for 5 d. Agar plugs were inoculated in
500-mL Erlenmeyer flask containing 250 mL of
liquid medium (glucose 5 g/L, NaCl 0.5 g/L,
(NH4)2SO4 1.5 g/L, K2HPO4 1.5 g/L, KH2PO4 0.5
g/L, MgSO4 0.2 g/L, distilled water added up to 1 L),
and the final pH of the media was adjusted to 7.2-7.4
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washed with distilled water to remove any unreacted
CaCl2 and immersed in 0.3 wt% xanthan gum with
gentle shaking at 100 rpm for 20 min on an orbital
shaker. After that, the microcapsules were coated
with 0.5 wt% chitosan solution for 30 min, followed
by washing three times. The chitosan-Ca-alginate
microcapsules were washed with distilled water and
used on the same day, and the shape and size of the
microcapsules were measured. The above operations
were conducted under sterile conditions.

concentration of TC increased from 0.2 to 0.6 g/L,
with no significant difference from 0.6 to 1.0 g/L.
The degradation rates of TC was 89% using the
fungus Cyc15, and the fungus Cyc15 was identified
as C. lunatus by BeiJing DingGuo ChangSheng
Biotechnology Co. Ltd. The degradation products
were further studied.
Isolation and identification of degradation
products. Although TC biodegradation has received
much attention, there have been limited reports
concerning the degradation products. In this study,
the degradation products of the fungus Cyc15 were
further studied. The HPLC-UV chromatograms were
obtained from aliquots collected at different reaction
times. This demonstrated that the intensity of the TC
peak decreased, and at the same time, the new peaks
were detected and their intensities increased with the
reaction time. As seen from Fig. 1, the TC peak
(24.91 min, 28.8%) and the peaks of the four main
constant by-products have been observed (10.97 min,
3.8%; 20.11 min, 14.8%; 30.64 min, 8.8%; 33.77
min, 31.3%), indicating that TC was effectively
reduced and that biotransformation products were
produced in the degradation process.
Research on the degradation products of TC in
the literature was limited to whether the main body
of the structure was degraded, but there was a
possibility that it produced highly toxic degradation
products [18]. Currently, ATC, ETC, EATC, CTC
and ACTC, which are anhydration and epimerization
compounds of TC, are often used as the standard
control in the degradation of TC [19]. In the present
research,
a
further
illustration
of
the
biotransformation products was carried out, and it
was found to be different from the previous reports.
Four main compounds (1-4) were separated by
HPLC, and the structures were determined by 1D
NMR and EIMS (1, [M]+ 251; 2, [M]+ 116; 3, [M]+
190; 4, [M]+ 178). Based on comparison with the
literature, the four main compounds were
determined to be N- [(2E) - 3- (3- methyl- 2- oxo2H- pyran- 6- yl) - 1- oxo- 2- buten- 1- yl] glycine
(1), 3- hydroxy- 4- hexenoic acid (2), 5-methoxy-2methylchromone (3) and 3, 4- dihydro- 8- hydroxy3- methyl-1H- 2- benzopyran- 1- one (4) [20-23],
which all have low toxicity and are commonly used
as pharmaceutical intermediates (Fig 2). On the basis
of above results, we deduced that the lack of some of
the degradation products was due to hydrolysis and
oxidation reactions in the degradation process.

Degradation
of
tetracycline
with
microencapsulation of the fungal cells. To
determine the degradation of TC using the fungus
Cyc15,
a
laboratory-scale
reproducibility
experiment was carried out with slight modification
from the literature [14, 15]. A glass column reactor
with a height of 60 cm and an internal diameter of
2.6 cm was used for the experiment. The
microcapsules of encapsulated fungal cells were
transferred to the sterilized column with sterilized
distilled water. Then, the inlet of the column was
equipped with a 0.22-ȝm membrane to prevent
outside bacteria from entering and contaminating the
filler, and the outlet was equipped with an 8-ȝm
membrane to prevent the escape of microcapsules
and to help the fluid to flow out. The mobile phase
was composed of wastewater containing tetracycline,
and the flow rate of the constant flow pump was 10
ml h. A microscope video system was used to detect
the turbidity change of the fungal cells breaking out
from the microcapsules, and HPLC was used to
monitor the remaining amount of TC and
degradation products.

RESULTS AND DISCUSSION
Screening of fungal strains for the
degradation of tetracycline. It has been reported
that TC strongly inhibited microorganisms at low
concentrations, so the initial concentration of TC
plays an important role in the biodegradation process
[16, 17]. In this study, to assess the TC tolerance of
the fungal cells and to evaluate degradation at higher
initial concentrations, TC was tested at initial
concentrations of 0.2, 0.4, 0.6, 0.8 and 1.0 g/L in the
liquid medium. The results showed that the
concentration of TC changed after the first day of the
incubation, and the specific biodegradation of TC
(mass of TC reduced) increased when the
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FIGURE 1
HPLC of TC (left) and the degradation products (right)

FIGURE 2
H NMR comparison of compounds 1-4 and TC.

1

Degradation
of
tetracycline
with
microencapsulation of the fungal cells.
Immobilizing microbial cells used for degrading
toxic chemicals is better than suspending cells
because it can result in a greater cell density, offers
better protection in harsh environments, and
enhances tolerance to toxic chemicals [24-26].
Plenty of studies have showed that microcapsules
with an alginate core and an alginate-chitosan
complex membrane can be made in a one-stage
process simply by letting droplets of an alginate
solution fall into an aqueous solution of chitosan [27].
In the study, the optimum conditions for chitosanCa-alginate microcapsule preparation was in
agreement with our previous report [12], and
microcapsules were prepared under the optimum
conditions and studied in terms of their surface
morphology and particle size. As shown in Figs. 3
and
4,
the
average
chitosan-Ca-alginate
microcapsule size was 89 ȝm, most of the
microcapsules were spherical in form and had a

relatively smooth surface (span 1.105, uniformity
0.341), and the microcapsules had a high
encapsulation efficiency.
Furthermore, the fungal colony (consisting of
multiple cells) of C. lunatus (no. Cyc15) was trapped
in chitosan-Ca-alginate microcapsules, providing the
liquid medium without glucose for the strain,
resulting in better antibiotic reductive performance.
The TC concentration was barely changed over 24 h
with cell-free microcapsules compared with a
control containing no cell-free microcapsules, and
TC was not reduced by the sorption capacities of the
microcapsules. In addition, when the fungal cells
were microencapsulated, we observed an initial lag
period (slightly < 12 h) before the degradation began.
This lag might be due to the time required for cells
to acclimate to their new environment. As seen from
Fig. 4, the fungal cells of C. lunatus (no. Cyc15)
immobilized in chitosan-Ca-alginate microcapsules
grew well after 96 h.
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FIGURE 3
Particle size distribution of the microcapsules.

FIGURE 4
Optical microscope images of the growth profile of the fungal colony
(consist of multiple cells) immobilized in chitosan-Ca-alginate
microcapsules: (a) before culture (bar =10 ȝm), and (b) after 96 h of
culture (bar = 50 ȝm).

Degradation of TC with a microcapsule column
chromatography system that immobilized fungal
cells in the chitosan-Ca-alginate microcapsules was
preliminarily tested twice. The result showed that
encapsulation of the fungus Cyc15 in the
microcapsules increased the survival rate of fungal
cells during the degradation and TC was effectively
degraded with the fungal cell-containing
microcapsule column. The retention rate of TC was
17.3% after the microcapsule were incubated with
flowed wastewater as the mobile phase, and the
degradation products were nearly unchanged; the
same four main compounds were still observed.
Thus, the degradation of toxic chemicals was
considerable
with
fungal
cell-containing
microcapsules, and immobilized fungal cells could
be effectively used for the safe disposal of other
wastewater effluents, such as that of poultry,
although more development would be necessary.

CONCLUSIONS
Microbial degradation is believed to be one of
the most important pathways of TC attenuation. The
results of our study also confirm this hypothesis. In
the present work, the degradation of TC by freely
suspended and immobilized fungal cells of C.
lunatus (no. Cyc15) isolated from a pharmaceutical
dispensation wastewater plant was assessed. The
strain showed a high capacity for the degradation of
TC with a degradation rate of 89% at an initial
concentration of 0.6 g/L. The biotransformation
products during the degradation of TC were also
detected. The structures of the by-products were
identified, and the compounds had lower molecular
weights and lower toxicities. To improve cell
tolerance to severe substrate inhibition and to
improve substrate utilization, the cells in this study
were immobilized using chitosan-Ca-alginate
microcapsules.
The
results
showed
that
immobilization protected the cells well and that the
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biodegradability of the fungus was stable; further
research is still ongoing. In summary, our results
showed that reduction of TC was achieved through
immobilized fungal cells, which could be applied to
the animal feed-contaminated wastewater to
decrease the environmental disturbance caused by
TC. These results could be used as a reference for
TC biodegradation in the environment.
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ABSTRACT
In this study, Dimethoate (DM) DSHVWLFLGH ¶V
histopathological and electrophoretic effects were
investigated on Capoeta capoeta (Guldenstaedt
1773) that were captured from Kars creek, and the
protective effect of ascorbic acid (AA) (vitamin C)
was tested. After allowing time for their adaptations
to their new environment, the fish caught from Kars
creek were divided into 4 groups (each including 10
fish), and placed in 300-liter tanks in the laboratory.
The fish were kept in water containing different
solutions: group I in normal water medium, group II
in 100 mg/L AA, group III in 2 mg/L DM, and group
IV in 100 mg/L AA and 2 mg/L DM. They were kept
in these water mediums for 10 days. After this
period, blood and tissue samples were taken from the
fish for electrophoretic and histopathological
studies. Tissue samples were detected in 10%
formaldehyde solution and paraffin blocks were
prepared by routine histological methods. The
samples were cut into sections 3-5 μ thick, all stained
according to hematoxylin and eosin staining
methods, and they were examined under a
microscope. Obtained serum samples were carried
out in Sodium Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE). When we compared
the serum samples with the control group of fish,
protein bands in the application of 100 mg/L AA and
2 mg/L DM, thickening in 36 kD band, thinning in
100 kD, 97 kD, 76 kD, 56 kD and 30 kD bands were
observed, and the bands of 93 kD, 46 kD, 44 kD and
26 kD were detected as newly-synthesized in SDSPAGE electropherogram. In the histopathological
examinations, depending on DM in intestine, liver,
and kidney tissues obtained from the group formed
by application of DM and AA, degeneration,
necrosis, pyknotic nuclei and cell infiltrates were
detected. As a result, whereas DM application was
found to create toxic effects on Capoeta capoeta, AA
was found to have a healing effect.

INTRODUCTION
Pesticides can contaminate water during the
agricultural application, and their effect can carry
over long distances. The consequences of pesticides
on fish are varied. They can directly kill fish, or
affect fish populations by preventing eggs from
being placed or stopping reproduction. Pesticides are
one of the most significant environmental factors, as
fish tissue becomes more sensitive while exposed to
a hazardous chemical [1]. Organophosphorus class
insecticides can enter fish throught their gills,
digestive system and through contact with the body
surface. When they accumulate in those tissues, it
causes a toxic effect [2]. Dimethoate, an
organophosphorus-based pesticide used to control
mites and aphids, is generally applied to cotton, fruit,
olive, potato, tea and tobacco fields. When Dimetoat
increases, an accumulation begins in the nervous
system of fish, and that causes an acute effect by
impairing the acetylcholine and acetylcholine
esterase activity. The chronic effect of Dimetoat has
been tested in rats; the results showed that it is a
carcinogen and adversely affects reproduction [3-4].
Recently, numerous new techniques have been
developed in the fish farming industry to increase
yield, but in order to provide more fish products,
protection and treatment are increasingly important
[5]. Some vitamins have an important role in
protection because they have an antioxidant activity,
which protects cells against the negative effect of
free radicals. The most important antioxidant
vitamins are vitamin A, vitamin C (ascorbic acid)
and Vitamin E. Vitamin C blocks the catabolism of
adrenal hormones in the liver, and it is important to
sustain the effect of hormones [7-9].
In this study, we aimed to determine the
histopathologic and electrophoretic effect of
Dimetoat on Capoeta capoeta (Guldenstaedt 1773),
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kD showed a newly synthesized band. 100
mg/L AA + 2 mg/L DM group showed thickened
bands 82 kD, 76 kD and 36 kD, and 100kD, 97 kD,
56 kD and 30 kD were thin. 44 kD and 26 kD bands
also showed that they were newly synthesized
(Fig.1).

as well as to evaluate the protective effect of ascorbic
acid (C vitamine).

MATERIAL AND METHODS
Animal material and experimental design. In
this study, 40 Capoeta capoeta from Kars creek were
used, differing in weight between 120-170 g. In the
creek, the pH was 7.8-8.1, the amount of dissolved
oxygen was 5.32-10.25 mg/L, and the temperature
was measured at 16-18oC. The fish were taken in a
300- liter container from the creek to the research
laboratory. After an adaptation time was completed
(10 days), 4 groups containing 10 fish each were
prepared: I. Fish in normal water; II. 100 mg/L AA
(Adler, Turkey) was added to the water; III. 2 mg/L
DM (Cansagor Dimethoate 40 EC); IV.100 mg/L
AA and 2 mg/L DM were added to the water. They
were kept in those conditions for 10 days, and tissue
and blood samples were collected from the fish for
electrophoretic and histopathology images.
The blood samples were centrifuged at 4000
rpm for 15 minutes for serum separation. The serums
were stored at -20oC until the analysis was finished.
Then, the total protein was separated using the
biruret method [10]. The serum samples were
analyzed
with
Sodium
Dodecyl
Sulfate
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
and vertical slab gel electrophoresis by the methods
RI/DHPPOL>@DQG2¶)DUUHOO>@7KHPROHFXODU
weight of proteins was calculated based on the
method of Weber at el 1972 [13]. The tissue samples
were determined in 10% of formalin solution.
Intestine, liver and kidney tissue samples were
placed in formalin solution in sections of 3-ȝ2Q
the duplicated section of samples, hematoma-eosin
dye was applied to observe under a light microscope
(Olympus BX51, JAPAN).

FIGURE 1
SDS-PAGE pattern of serum proteins from DM
and AA-exposed Capoeta capoeta¶V
electroforegam. Lane 1 molecular weight
standard, Lane 2 100 mg/L AA group, Lane 3
200 mg/L, Lane 4 100 mg/L AA+ 2 mg/L DM,
Lane 5 Standard proteins

Histopathology symptoms. Regarding the
histopathologic symptoms in the control group¶V
intestines, we observed a general structure of
intestine villus and smooth muscle tissues.
Additionally, we can clearly determine goblet cells
which are located between the cylindrical epithelium
(protective epithelium) and epithelium (Fig.2A). We
also observed the vena centralis (main structure of
the liver) and surrounding hepotosites (Fig.2B).
Generally, in all control groups, kidney sectioning of
epithelium cells composed of proximal and tubular
were clearly recognized (Fig.2C). DM sectioning of
the intestine showed some ruptures in the villus and
deformation in the epithelia, and also a reduction in
goblet cells was easily recognized (Fig. 2D).
Hepatocytes disappeared between the vena centralis
and radial structure (zone 1) in the DM group of liver
sections Hepatocyte degeneration was observed
from the vena centralis to the periphery (zone 2-3),
and pictonic nucleus and vacuolization were
interesting findings. Additionally, hepatic cell
disruption was evident in zone 2-3. (Fig.2E).

RESULT AND DISCUSSION
Macroscopic findings. There was not any
slowing down in the movement of the fish during the
experiment. We determined that the DM and
DM+AA groups had lower food consumption than
the other groups. In the experiment, water and food
was replaced in all tanks every other day. At the end
of the 10th day, we found 4 mortalities: 2 were in thr
DM+AA and 2 were in the DM group.
Electrophoretic findings. According to the
SDS-PAGE results in the 100 mg/L AA group, we
observed thickened bands in 82 kD,72 kD, 69 kD, 49
kD, 36 kD and 30 kD, and thin bands were found in
100 kD and 56 kD. 93 kD, 44 kD, and 26 kD showed
a newly synthesized band. In group 2 mg/L DM, 82
kD, 72 kD and 36 kD showed a thickened bands, 100
kD, 76 kD, 56 kD and 30 kD bands were thin, and 46
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FIGURE 2E
Liver cell tissues in the Capoeta capoeta group
exposed to DM. Vena centralis (Vc) and
surrounding radial structure from zone 1
showed disappeared hepatocyte, and the area
from the vena centralis to the periphery zone 2-3
showed hepatocyte cell degeneration, and
pictonic nuclei (arrow), and vacuolization
(arrowhead) was interestingly shown (H-EX40).

FIGURE 2A
Intestine of Capoeta capoeta in the control group.
Star: the villus and smooth muscle in intestine
tissue. Arrow: Monolayer cylindrical epithelia (a
protection layer of intestine), and goblet cell,
which is located inside of cylindrical epithelia
can be clearly seen (H-EX40).

FIGURE 2B
Liver tissue of Capoeta capoeta in the control
group . Hepatocytes that surround the Vena
centralis (arrows) in the liver are clear (HEX20).

FIGURE 2F
Kidney tissue of Capoeta capoeta in the DM
group. Mononuclear cells (star) were easily
recognized between the proximal and distal
tubules (arrows). Also, the Bowman capsule is
observed with two different forms. (One of them
is disrupted, and other seems to be in normal
formation - arrowhead) (H-EX40).
The proximal and distal tubules showed an obvious
and intense mononuclear cell inflammation (MCI) in
the DM group kidney samples. Brown capsules were
also shown with two different formations (disrupted
and less disrupted) (Fig.2F). The hazardous effect of
DM is reduced partiality by AA in intestine sections;
epithelia and goblet cells were clearly seen. Also,
inflated regions were observed. Additionally, we
observed desquamation in some regions of
epithelium which is composed of mucosa (Fig.2G).
The DM and AA exposed groups showed the
disappearance of hepatocytes between the Vena
centralis and its surrounding radians, called zone 1,
and hepatocytes showed a degeneration and pyctonic
nuclei in zone 2 and 3, which describes the area from
the Vena centralis to the periphery (Fig. 2H). From
the DM and AA group of kidney sections, tubules
were easily recognized because of the AA affecting
the reduction in infilter regions, and some condense
regions could be seen (Fig. 2I).
Clarias batrachus was exposed to 45 mg/L DM and
50 mg/L of AA for 30 and 60 days. Liver enzyme
activity, histomorphologic changes and protein
levels were observed in the liver. As a result, the

FIGURE 2C
Kidney tissue of Capoeta capoeta in the control
group . Peroximal and distal tubules (arrow) in
intestine are seen with cells touching the tubules
(H-EX40).

FIGURE 2D
Intestine tissue of Capoeta capoeta in the DM
group. Ruptures in villus (arrow), disruption in
epithelium and reduction in goblet cells were
observed clearly (H-EX40).
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reported. Additionally, necrosis, hepatocyte,
focal regeneration and kanalikuli were determined at
the end of 72 hours in the liver cell [22].

control group and the AA-exposed fish group
showed a normal hepatocyte structure, but 30 days
after DM exposure, the treatment showed a
degeneration in the liver, clogging in blood vessels,
mononuclear cell infiltration, and vacuolization and
pyknotic cell formation [14]. We determined that the
effects were obvious and severe at the end of day 60
in the treatment. However, the DM group
subsequently exposed to AA showed a recovery for
30 days until day 60.
The amount of hepatic enzyme in the DM group
showed a greater increase than the control group;
however, in protein levels a decrease was observed.
When AA was added to acid supplement DM, after
30 days recovery in the level of liver enzyme was
reported [14]. When CPF1 and CPF2 was exposed,
the level of glutatyon peroxidase (GSH-Px) was
significantly increased in liver and brain tissues (P <
0.05). When CPF2 was exposed to the fish liver, a
significant increase in catalase (CAT) activity (P <
0.05) was also determined, but the catalase activity
decreased in the brain. CPF1 and CPF2 exposure
showed that SOD activities decreased in the liver,
but it increased in the brain. TBsRS (thiobarbituric
acid-reactive substances) increased by the effect of
CPF (chlorpyrifos) in the brain; the effect of the AA
tended to reduce the, and GSH-Px, CAT, SOD
reached a normal level. It was previously recorded
that AA has a CPF-dependent reduction effect in
oxidative stress [15].
Puntius ticto were studied after exposure to
lethal and sublethal concentrations of DM (60% EC)
for 96h and 60 days, and biochemical changes in gills
showed a reduction in the level of proteins[16].
Tewary and Patra found that ascorbic acid
application was giving a maximum development
(1500 mg/kg) with AA exposure in Labeo rohita
[17].In Cyprinus carpio, DM (EC30) was sublethal
when exposed for 96 h with 0.96 mg/L
concentration, and liver-kidney histopathology was
compared with the control group. Glomerulus
contraction in the fish kidney, an expansion in
tubular lumens, vocalization, desquamation,
hydropic swallow, and hyaline degeneration in
tubular epithelium were all found. Also, a vesicle
formation and blooding were observed in some
tissue samples [18]. In one study fish were injected
with bacteria used to test the effect of ascorbic acid.
The study concluded that it strengthened the immune
system of the fish [19-21].
Brachydanio rerio exposed to sublethal dose
0.025 μL/L of DM (DM 500) showed a cytoplasmic
granulation and focal necrosis and liver
histopathology after 8 h exposure, and the results
showed a cytoplasmic granulation and focal
necrosis. After 24h exposure, typical polygonal cell
structure and cell border disappeared, lateral nucleus
migration occurred, nucleus shape and size changed,
pyknosis and chromatin condensation with an
increase in vacuolization and granulation were

FIGURE 2G
Intestine tissue in Capoeta capoeta exposed to
DM + AA. Interestingly, the negative effect of
DM is partially reduced by AA. Epithelium and
goblet cells (arrows) were easily observed.
Additionally, mononuclear cell infiltration (star)
was seen in epithelium (arrowhead) which is
composed of mucosa desquamation (H-EX40).

FIGURE 2H
Liver tissue of Capoeta capoeta in the DM and
AA groups. Vena centralis (Vc) and surrounded
radial structure is lost from zone 1. Zone 2-3,
defined from the vena centralis to the periphery,
interestingly shows hepatic cell degeneration,
pyctonic cells (arrows) and vacuolization
(arrowhead) (H-EX40).

FIGURE 2I
Kidney tissue in Capoeta capoeta exposed to DM
+ AA. Tubules (arrows) were easily observed.
AA-related mononuclear cell inflammation (star)
is a negative effect of DM. In some regions MCI
condensing is shown (arrowhead) (H-EX40).
The fingerling of Cyprinus carpio were
exposed to DM (30EC) and LC50 measured 1.84,
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symptoms showed an increase in protein
expression.
As a result of DM applications, an increase was
shown in the protein expression, but when DM and
AA treatment were applied together, the level of
protein was at a normal level: it did not change. In
that case, against DM toxicity, AA has a slight
healing effect. Taken together, our results suggest a
healing effect of AA in the presence of DM exposure
because AA slightly reduces the hazardous effect of
DM, proved by histopathologic and serological
findings.

1.78, 1.68 and 1.61 mg/L in 24, 48, 72 and 96h
respectively. When exposed to DM, the amount of
oxygen consumption was determined by measuring
oxygen after 24, 48, 72 and 96 h; results showed in
all fish groups a reduction of oxygen consumption
[23].
In this study, DM group fish showed villus
ruptures, disruption in epithelium, a reduction in
goblet cells, kidney mononuclear cell inflammation,
and Bowman capsule disruption. Near the Vena
centralis, the loss of radial structure began in zone 1
towards periphery zone 2-3. Hepatic cell
degeneration, pyknotic nucleus and vacuolization
were also observed.
The AA group sectioning of intestines showed
that a layer of cylindrical cell disappeared, goblet
cells radically reduced, and an intense inflammation
was also observed. AA group kidney tissue differed
from the DM exposed group because they generally
did not show an intense mononuclear cell
presentation between the proximal-distal tubules.
AA group liver cells showed disrupted radial
structure of hepatic cells, and condensing areas were
determined in some regions. The hazardous effect of
DM was healed by AA in the intestine, and the goblet
and epithelium cells were clearly seen. Moreover,
infiltrate regions were present, and some regions in
the epithelium mucosa desquamations were
observed. DM and AA group kidney sectioning
tubules were easily recognized because of the effect
of the AA, which reduced the unfiltered region, and
in some regions condensing was still seen. The liver
showed an absence of vena centralis and hepatocytes
surrounding the radial structure in zone 1. From the
vena centralis to the periphery (zone 2 and zone 3),
hepatic cells have also shown degeneration, pictonic
nucleus and vacuolization. Additionally, in hepatic
cells some disruption was observed in zone 2-3.
Therefore, we concluded that AA might not be
effective in this tissue, and our findings were
confirmed by other previous studies [24].
Endosulfan and fenvalerate were applied in
sublethal dosages to Labeo rohita in crucial organs
such as brain, liver, gills and muscle. Afterwards,
the protein levels were observed by applying SDSPAGE. The changes in protein bands in
fenvaleratede were more extreme than in endosulfan
[9]. Dimethoate-exposed Channa punctata showed
glutatyon
lipid
peroxidation,
micronucleus
induction, and increases in DNA damage, as well as
a reduction in the level of superoxide dismutase.
In this current study, whereas in the DM group
damage to tissue was caused, the organs of the AAexposed group were not affected. When both were
applied, we observed a healing effect in the intestine
(DM effect reduced and inflammation healed in the
kidney by AA); in some cases (liver tissue had
degeneration, and reduction of pyknotic nuclei and
vacuolization) a positive effect was not confirmed.
After the AA treatment was completed, general
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ferrous (FeII) and ferric (FeIII) chelator, siderophore
makes critical contributions to Fe solubilization in
soils and subsequent uptake by bacteria, fungi and
plants [1, 4]. In addition to their roles in response to
FeII/III deficiency, bacteria-produced siderophores
also act as triggers in eliciting heavy metal
homeostasis and plant immunity, protecting the
plants against pathogenic bacteria [5, 6]. Liu et al. [7]
found that catecholate-siderophore produced by
Pseudomonas sp. strain PG12 effectively dissolved
FeAsO4 and promoted Pteris vittata growth.
Therefore, isolation of bacteria those that are able to
produce siderophores efficiently provides an
alternative to increase crop production and remediate
heavy metal-contaminated sites by phytobial
approach.
Bacteria capable of siderophore production are
commonly present in the soils, where one of the
predominated genera is Pseudomonas [8]. Besides,
some bacteria belonging to Stenotrophomonas,
Comamonas and Streptomyces have also evidenced
in production of siderophores for Fe II/III acquisition
and alleviation of heavy metal toxicity [8-10]. While
some
bacteria-produced
siderophores
are
polycarboxylates, catecholates and hydroxamates
are often produced by soil bacteria and fungi,
respectively [2]. About 270 of over 500 siderophores
have so far been structurally characterized [1], all of
which are somewhat able to bind heavy metals
including FeII/III, Manganese (MnII), chromium
(CrIII), cadmium (Cd II), aluminum (AlIII), copper
(CuII), zinc (ZnII) and lead (PbII) [11].
The most well-known siderophores from
Pseudomonas spp. include pyoverdine (PVD),
pyochelin (PCL) and desferrioxamine B (DFOB).
For example, Braud et al. [12] showed that
Pseudomonas aeruginosa produced both PVD and

ABSTRACT
Iron (Fe) is an essential micronutrient for the
growth of all living organisms. However, Fe
availability in soil is limited due to its existing status
as Fe oxides/hydroxides. Microbial siderophore
production is a well-known strategy to make soil Fe
available and thus promote Fe acquisition. A new
isolate Pseudomonas sp. strain 4±05, with high
ability of siderophore production, was isolated and
studied. By using classical analytical methods, three
types of siderophores belonging to pyoverdine
(PVD), a subgroup of carboxylates, were detected in
the medium. Results also showed that low ferrous
(FeII) resulted in up-regulation of PVD production,
indicating a great potential of siderophores produced
by Pseudomonas sp. strain 4±05 in FeII release in the
soils. Our data provided new opportunity to apply
Pseudomonas sp. strain 4±05 in promotion of plant
growth and aid heavy metal remediation by
phytobial approach.

KEYWORDS:
Pseudomonas sp.; siderophore; pyoverdine; iron
deficiency; remediation; nutrient acquisition.

INTRODUCTION
Iron (Fe) is an essential element for almost all
living organisms [1]. Studies have shown that Fe is
involved in several cellular processes, including
electron transfer, oxygen metabolism and nucleic
acid synthesis [2]. Although Fe is widespread in the
environment, the low availability limits its
utilization by organisms [1, 3]. As a well-known
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PCL, which could chelate 16 metals including Fe.
Similarly, Pseudomonas sp. has been known in
production of PVD to protect plants from virus stress
[13] and in production of salicylic acid to balance Fe
metabolism [14]. For MnII-oxidizing bacteria P.
putida MnB1, however, it suggested that the
siderophore DFOB produced by this strain displayed
a higher affinity for MnIII than FeII [15], probably
due to the fact that binding moiety composition
promotes it to accommodate Jahn±Teller distortion
[15]. Further investigation showed that P. putida
MnB1 produced soluble MnIII or MnO2 by different
but mutually inhibitory pathways: enzymatic
catalysis yielding MnO2 in sufficient FeIII or PVDpromoted oxidation yielding PVD-MnIII in low FeIII
[16]. These studies indicate that siderophores
produced by bacteria are not only related to Fe II/III
acquisition, but also display potentials in metal
transformation and detoxification.
Similar to P. putida MnB1, MnII oxidation trait
in Pseudomonas sp. 4±05 has also been observed in
a previous study [17]. Promoted by the discovery
from Parker et al. [15], Mn removal by the strain 4±
05 was also likely to be associated with siderophoremediated chelation. Therefore, it is worthy looking
into whether strain 4±05 produces siderophores,
which may provide new insights into the
relationships between siderophore production and
MnII removal in future work. The specific aims of
this study were to 1) identify the siderophore types
produced by Pseudomonas sp. 4±05 and 2) evaluate
the relationship between FeII concentration and
siderophore production by Pseudomonas sp. 4±05.
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MgSO4·7H2O 2.5 and K2PO4 2.5 at pH 7.2.
As suggested by Roy et al. [4], strain 4±05 was
subcultured three times consecutively in deferrated
complete medium to reduce the internal Fe stores
before use.
Qualitative and quantitative analysis of bacteria±
produced siderophores. Some typical adsorption
peaks for specific siderophores have been reported,
e.g., 405 nm for PVD and 695 nm for pyocyanin
pigment [18]. Since green fluorescence was found in
the medium in this study, whole wavelength
scanning (WWS) was used to investigate whether
siderophores were present. The strain 4±05 was first
incubated in LB medium for 12 h and JFM II
medium for 48 h as previously described, after
centrifugating at 7,500 g for 5 min the supernatant
was collected and analyzed by ultraviolet spectrum
scanner (Ultrospec 2100 pro, GE Healthcare Bio±
Sciences China Ltd).
To detect and determine the presence and
concentration of siderophores, the method Chrome
azuro S (CAS) was used. Strain 4±05 was first
incubated, centrifuged and re-suspended as shown
EHIRUHȝ/RIUH-suspended solution was pipetted
onto the autoclaved filter paper with the diameter of
6 mm, followed by inoculated (28 oC) on MAS agar
medium with 5% (v/v) CAS solution. Additionally,
Escherichia coli DH 5 Į, Pichia pastoris and sterile
water were included as the same treatment as
controls. After 24 h incubation, siderophore
production ability was evaluated by clearing zone of
siderophores on MAS agar medium.
In addition to qualitative analysis on MSA±
CAS agar medium, siderophore concentration was
also quantified by CAS coloration [19]. Briefly, 1
mL of cell-free supernatant was mixed with 1 mL
CAS assay solution and incubated in the dark for 3 h
at room temperature. The supernatant-free solution
was used as a reference. The production ability of
siderophores was calculated by the ratio of Ȝ to Ȝ0, of
which Ȝand Ȝ0 stand for the absorbance at 630 nm of
the sample and reference, respectively. To further
identify the types of siderophores produced by
Pseudomonas sp. strain 4±05, the well-known
methods including Arnow test, Rioux test, Csaky test,
Spectrophotometric test and Hathway test were used
(Table 1).

MATERIALS AND METHODS
Organism, media and growth conditions.
The MnII-oxidizing bacterium Pseudomonas sp.
strain 4±05 (GenBank NO. FJ805431) was isolated
from a copper mine located in Fujian Province,
China. Before use, the strain was incubated in Luria±
Bertani (LB) medium at 28 oC for 12 h, followed by
grown in different media for batch experiments. The
media include modified selective media (JFM II) for
MnII-tolerant bacteria growth containing (g L±1)
K2HPO4 0.5, MgSO4·7H2O 0.5, NH4NO3 0.5,
NaNO3 0.5, CaCl2 0.2, citric acid 2.0 and trisodium
citrate 8.0 at pH 6.8±7.2; Modified sucrose-aspartic
acid medium (MSA) containing (g L±1) sucrose 20,
aspartic acid 2.0, K2HP4 1.0 and MgSO4·7H2O 0.5 at
S+  0RGLILHG .LQJ¶V % PHGLXP 0.% 
containing (g L±1) casamino acid 5.0, glycerol 15 mL,

Siderophore isolation and purification.
Siderophores produced by strain 4±05 were isolated
and purified as follows. First, the pH of supernatant
was adjusted to 2.0 and then mixed with isometric
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eluted again using distilled water. To further confirm
the siderophore types, every 10 mL eluent was
determined at OD280 and OD405, together with the
same identification procedures as shown above.
With reference to thin layer chromatographic
(TLC) analysis, CAS, Hathway and ninhydrin were
used as color-developing agents. The silica gel plate
GF254 was purchased from Qingdao Haiyang
Chemical Co., Ltd, China. Before use, GF254 was
incubated at 105±120 oC for 0.5±2 h, and deposited
in the glassware with allochroic silicagel. One drop
of all samples was then added on GF254 plate along
with the straight line, on which the spot of each
sample in diameter was  3 mm. By soaking for 30
min in the developing solvents, all chromatographic
tanks were used for chromatography analysis with
different solvents. When the developing solvents
moved to the top of GF254 plate, the plates were air
dried and observed under ultraviolet light.

ethyl acetate for multi-extraction. When sample was
concentrated by rotary evaporator at 40 oC,
approximately 10 mL of concentrated solution was
collected and dried by freeze-drier to obtain the
crude siderophores.
Crude siderophores were purified by
chromatographic column (10 × 200 mm) packed
with polyamide particles. In brief, polyamide
particles were soaked in 90±95% ethyl alcohol (v/v)
with sufficiently stir, followed by packed into the
columns after defoamation. The polyamide particleladen columns were eluted again by the same ethyl
alcohol till the eluent was transparent and no
residuals were found after sample-drying. After
further elution by 5% NaOH (m/v), distilled water
and 10% acetic acid (v/v) respectively, the columns
were eluted by distilled water to pH 7.0.
Subsequently, the crude siderophores were dissolved
in distilled water and transferred to the columns, and

TABLE 1
Current frequently-used methods for identification of siderophore types
Methods

Arnow test

Rioux test

Csáky test

Spectrophotometric
test
Hathway test

Reagents

Tested siderophores

Solution A: 0.5 N HCl
Solution B: Mixed solution with 10% sodium
nitrite and sodium molybdate
Solution C: 1N NaOH
Solution A: 20% (v/v) sulfuric acid
Solution B: 2 M ammonium fluoride
Solution C: 1% (w/v) 1, 10±phenanthroline
monohydrochloride monohydrate
Solution D: 3 M hexamethylenetetramine
Solution E: 1% (w/v) ferric±ammonium
citrate in 0.09 N sulfuric acid
Solution A: 50 mM potassium hydrogen
phthalate buffer (pH 3.1)
Solution B: 2 M sodium acetate
Solution C: 1% (w/v) sulfanilamide in 30%
acetic acid
Solution D: 1.5% (w/v) NaAsO2
Solution E: iodine (0.65%, w/v)±potassium
iodide (1%,w/v)
Solution F: 0.07% (w/v) N±(1± naphthalene)±
diamine
Solution G: 3 M H2SO4
6ROXWLRQ$ȝ0&X624
Solution B: 0.2 M acetic acid (pH 4.0)
Solution A: 0.1 M FeCl3 (prepared by 0.1 M
HCl)
Solution B: 0.1 M potassium ferricyanide
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Relationship
between
siderophore
production with FeII concentration. To better
understand the roles of siderophores in Fe II uptake,
and to test whether FeII influences siderophore
production, siderophore concentration in the culture
was determined by the addition of FeII at the
FRQFHQWUDWLRQVRIDQGȝ0
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Rioux test, Csaky test, Spectrophotometric test and
Hathway test (Table 1), which were also used to
identify the siderophore types in this study. Based on
Hathway test, potential phenolic compounds were
present in the siderophore products. Further
spectrophotometric test confirmed that these
siderophores had carboxyl groups. The presence of
mixed-ligands thus revealed that Pseudomonas sp.
4±05 produced carboxylates, consistent to the report
from Winkelmann and Drechsel [25]. Since OD405 is
attributed to the photo-absorption of PVD, we
speculated that the strain 4±05 could produce PVD
(Figure 1A).

Analytical methods. All samples were
centrifuged at 7,500 g for 5 min, the supernatant was
used for further determination. All experiments were
conducted in triplicates and the results were
expressed as mean ± standard error. Analysis of
variance (ANOVA) DQG 7XNH\¶V PXOWLSOH
comparison tests were performed in GraphPad Prism
 OHDVW VLJQL¿FDQW GLIIHUHQFH /6'  ZDV
determined at Į = 0.05.

3.5

A

B

3.0
2.5

Absorbance

RESULTS AND DISCUSSION
Pseudomonas
sp.
4±05
produced
siderophores. It is reported that green fluorescent
siderophores are of great capacity in removal of
various metal cations, including FeII/III and MnII/III [2,
15, 16]. Our data clearly demonstrated that the
supernatant was also capable of MnII removal,
raising the hypothesis that strain 4±05 produced
siderophores and absorbed MnII directly. Based on
WWS result, Figure 1A shows that two typical peaks
appear at 280 nm and 405 nm, which are likely to be
related to the photo-absorption of proteins and
siderophore PVD, respectively [18].
In addition to WWS analysis, siderophore
production ability was estimated by CAS method.
Agar spread showed an apparent color change from
dark blue to luminous yellow, confirming the
siderophore production in strain 4±05 (Figure 1B).
Additionally, when compared to other reported
micro-organisms, strain 4±05 had a greater ability
(Ȝ/Ȝ0 = 0.017) in siderophore production (Table 2).
Among ! 270 siderophores which have been
structurally characterized, the major categories
include hydroxamates, phenolates/catecholates and
carboxylates [1], besides citric acid can also act as a
siderophore [25]. The well-studied siderophores
include ferrichrome and DFOB (hydroxamates),
enterobactin (catecholates), and azotobactin,
pyoverdine and yersiniabactin (carboxylates) those
often have mixed-ligands [25]. In general, each type
of siderophores includes one or more specific
functional group(s), allowing directly identification
via the well-known methods such as Arnow test,

2.0
1.5
1.0
0.5
0.0

200 250 300 350

400

450 500

550

600

Wavelength (nm)

FIGURE 1
Whole wavelength scanning (A) and
characterization of siderophore presence by
chrome azurol S agar method (B).
(1) Pseudomonas sp. 4±05, (2) E. coli DH 5 Į,
(3) P. pastoris and (4) sterile water

Isolation and purification of PVD. Crude
PVD was isolated by ethyl acetate-based extraction
method. Although both OD280 and OD405 displayed
three typical peaks by continuous elution, only one
peak was found in both of the two wave lengths
(Figure 2). The eluted solutions were collected and
used for further identification by the methods as
previously described. Our data showed that all three
peaks shown in Figure 2B belonged to PVD, while
the absence of PVD2 and PVD3 at OD280 was likely
due to their low concentration. Meanwhile, some
other proteins with high contents might also be
present in the supernatant, resulting in the
inconsistent peaks between OD280 and OD405 (Figure
2). In fact, the peptide structures in PVD differ and
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over 40 structures have been reported, while the
chromophore,
(1S)-5-amino-2,3-dihydro- 8,9dihydroxy-1H-pyrimido[1,2-a]quinolone-1- carboxy
-lic acid, is the same with the exception of azobactin
from Azotobacter vinelandii, which possesses an
extra urea ring [31].
While ethyl acetate-based extraction verified
the
presence
of
siderophores,
column
chromatography (CC) helped confirm this result.
Due to the strong background color displayed by
CAS and light-colored effect resulted from Hathway

Fresenius Environmental Bulletin

test, only ninhydrin was reliable and valid for TLC
analysis. TLC results showed that developing
solvents A, B, C and D were available to TLC
analysis but solvent E was not (Table 3). Of which,
solvent A was most efficient in promoting sample
movement (Table 3). No matter which method was
used, it could be concluded that the functional
groups in PVD1 were not broken down after CC
elution since Rf values for both two samples were
very similar (Table 3).

TABLE 2
Siderophore production ability in Pseudomonas sp. 4±05 as compared to the reported bacteria
Species

Semi-quantitative
Relative
Metals that bacteria
determinationa
quantificationb
can tolerate
c
Bacillus thuringiensis
As/Cu/Cd/Ni/Pb/Zn
8
±
Pseudomonas thivervalensis
0±0.2
Cu
±
Pseudomonas oryzihabitants
Cd/Pb/Zn/Cu
0.06
±
Burkholderia sp.
±
Cu
0±0.2
Bacillus megaterium
±
0±0.2
Cu
Sphingomonas sp.
±
0±0.2
Cu
±
Herbaspirillum sp.
Cu
0±0.2
5.6 ± 1.1
Pseudomonas fluorescens
±
Zn
8.3 ± 2.1
Zn
Pseudomonas veronii
±
Zn
±
Pseudomonas fluorescens
3.3 ± 1.5
±
±
3VHXGRPRQDVÀXRUHVFHQV
6.8~8.5
Pseudomonas sp. 4±05
12.03
0.017
Mn/Cu/As/Pb
a
Clearing zone (mm) of siderophores on chrome azurol S (CAS) agar;
b
Ȝ/Ȝ0, little: 0.8±1.0; low, 0.6±0.8; moderate, 0.4±0.6; high, 0.2±0.4 and very high, 0±0.2;
c
No detection.

References
[26]
[27]
[19]
[28]
[28]
[28]
[28]
[29]
[29]
[29]
[30]
This study

TABLE 3
Thin layer chromatography analysis for those siderophore samples with or without purification by column
chromatography elution
R fb
Samplesa
1
0.576
2
0.595
B
Benzene/acetic acid/water
125/72/3
1
0.081
2
0.081
C
Phenol/chloroform/water
40/3/3
1
0.091
2
0.093
D
Benzene/methylbenzene/acetic acid
2/2/1
1
0.039
2
0.043
E
Chloroform/acetic acid/ethyl alcohol
95/5/2.5
1
±
2
±
a
1 and 2 stand for the samples with and without purification by column chromatography, respectively;
b
Rf = distance from the starting point to the spot point/distance from the starting point to the edge where the
developing solvents moving to.
Number
A

Developing solvents
n±butyl alcohol/acetic acid/water

Volume ratio
5/4/2
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FIGURE 2
Column chromatography elution for siderophore
purification
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FIGURE 3
Effects of Fe concentrations on siderophore production.
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difference between treatments according to LSD test
(p d 0.05)
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PVD production by Pseudomonas sp. 4±05
was sensitive to FeII. It is well known that
siderophore biosynthesis by micro-organisms is
regulated by FeII/III concentration in the environment
as well as inside bacterial cells [2]. In our study, the
strain 4±05 SURGXFHG  ȝ0 VLGHURSKRUHV XQGHU
FeII deficiency condition (Figure 3). The addition of
FeII DW  ȝ0 VLJQLILFDQWO\ GHFUHDVHG VLGHURSKRUH
SURGXFWLRQE\ZKLOHȝ0)HII resulted in 92%
decrease and limited siderophores were detected in
the medium when FeII ZDV XSWRȝ0 )LJXUH  
Spearman analysis showed that siderophore
concentration was negatively correlated to FeII
concentration (r = ±0.939, p = 0.001), suggesting
that PVD production by Pseudomonas sp. 4±05 was
involved in FeII acquisition, which was similar to the
study from Schalk et al. [2]. However, our data was
different from Braud et al. [32, 33] who found that
siderophore production occurred even though Fe
FRQFHQWUDWLRQZDVXSWRȝ0
Since soil Fe predominates as unavailable
species, e.g., (hydrous) oxidizes [34], either for
plants or micro-organisms, siderophore is an
important chelator for Fe acquisition [7]. In this
study, the strain 4±05 was isolated from a Cu mine
and displayed high tolerance to Cu, Mn, Cr, As and
Pb (data not shown), it can be applied to remediate
heavy metal-contaminated soils by phytobial
approaches. Moreover, the MnII oxidation ability in
strain 4±05 [17] highlights its use for studying the
relationships between siderophore production and
Mn removal. However, the full mechanisms
involved in MnII oxidation, Fe acquisition and
siderophore
production
warrant
further
investigations.

CONCLUSIONS
In this study, the siderophores produced by a
new MnII-oxidizing bacterium Pseudomonas sp.
strain 4±05 were identified and purified. Results
showed that the strain 4±05 could produce three
types of PVD, which belongs to carboxylates.
Moreover, PVD production increased with the
decrease of FeII, suggesting that PVD production in
Pseudomonas sp. 4±05 contributed to FeII
acquisition from the environments with low
available Fe. Since Pseudomonas sp. 4±05 was of
great tolerance to heavy metals and ability in Fe
release, it might be a good candidate for promoting
plant growth via increasing Fe uptake and aiding
heavy metal remediation via phytobial approaches.
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ABSTRACT
The aim of this study was to test for
antibacterial efficiacy and potential use as seed
disinfectants of extracts and essential oils of Satureja
hortensis, Satureja spicigera, Origanum onites and
Origanum rotundifolium against Xanthomonas
axonopodis pv. vesicatoria causes of bacterial leaf
spot of pepper and tomato. According to the in-vitro
test results, the essential oils showed a strong
antibacterial activity based on the zone of inhibition
against pathogen on Petri plates. The inhibasyon
zones and MIC values of the essential oils ranged
from 29-42 mm and 15.62-ȝOP/UHVSHFWLYHO\
However, the extracts showed weak or no
antibacterial activity. According to the results on
petri plate assays of O. rotindufolium and S.
spicigera essential oils, some of the concentrations
(31.25 and 62.50 μL/mL) had toxic effect on the
pepper seed germination, but the concentration of the
oil with 15.62 μL/mL had not toxic as compared to
only the pathogen application. This application
caused a decrease on the number of the infected
seedlings with X. axanopodis pv. vesicatoria.
Furthermore, this decrease was statistically
significant compared to both streptomycin sulfate
and only pathogen applications. On the other hand
O. onites hexane extract had a toxic effect on the
pepper seed germination, but all concentration of the
acetone extract and chloroform extracts (except 20
mg/mL) had no toxicity. According to the results on
pot assays, essential oils used in the best germination
and disease control was observed at lower doses. In
the application of the O. onites extracts onites the
best germination and best disease control have
changed according to the dose used. Our results
showed that some of the concentrations of the
essential oils and/or extracts from S. hortensis, S.
spicigera, O. onites and O. rotindufolium can be
used as a seed disinfectant and as potential control
agents for management of the bacterial disease.

plant

extract,

INTRODUCTION
Bacterial diseases caused by Xanthomonas
have devastated various host plants, leading to
considerable losses in productivity and quality of
harvests [1]. Xanthomonas axonopodis pv.
vesicatoria (Doidge) Dye, the causal agent of
bacterial leaf spot of pepper (Capsicum annuum L.)
and tomato (Lycopersicon esculentum), occurs
worldwide in regions of pepper and tomato
production [2]. The disease is characterized by
necrotic lesions on leaves, steams, and fruits. In
warm and rainy weather, bacterial spot may cause
severe defoliation of the plants, which results in
reduced yield, and diseased fruits may not be
suitable for fresh-market sale.
In recently, a lot of studies related to
antimicrobial activities of the extracts and essential
oils of plants have been made, followed by the genus
Satureja
[5,6,7,8,9,10,11]
and
Origanum
[3,12,13,14,15,16,17,18]. In addition, there are some
studies related to various plant species which have
more or less antagonistic activity against plant
pathogenic
bacteria
Xanthomonas
sp.
[8,19,20,21,22,23]. But, it is also known that
antimicrobial effects or biological activities of the
essential oils and extracts of plants may be subjected
to a change, based on the variations in the chemical
composition of an essential oil that may be observed
due to the origin, the locality, the environmental
conditions, and the stage of development of the
collected plant material [5]. Furthermore, there is no
report available in the literature on the in vivo
antibacterial activity of the essential oils and extracts
from genus Satureja and Origanum against plant
pathogenic bacteria of Xanthomonas spp.
Seed-borne diseases can be spread with seeds,
5989

© by PSP

Volume 25 ± No. 12a/2016, pages 5989-5998

Fresenius Environmental Bulletin


CFU/ml of bacteria spread on TSA plates. The blank
disks (Oxoid) were impregnated with 12.5 PL of the
solutions tested. Then, they were put in the middle of
inoculated TSA plates. The bacterial cultures were
incubated at 27 ± 2 ºC for 48 h. The least
concentration of each the treatments showing a clear
zone of inhibition were taken as the MIC. 10%
DMSO was used as negative control. Each test was
repeated at least twice.

and control of them using commercial disease
management methods are extremely difficult [24].
Therefore, the use of healthy seeds is the most
important factor for controlling the seed-borne
diseases. Seed disinfection is also an important
problem in organic agriculture. Therefore, this study
was carried out to assess the in vitro and in vivo
antibacterial efficacy of the essential oils and/or
extracts obtained from Satureja hortensis L,
Satureja spicigera (K.Koch.) Boiss, Origanum
onites L. and Origanum rotundifolium Boiss. as a
seed disinfectant against X. axonopodis pv.
vesicatoria on the Petri plate and pot assays.

Seed surface disinfection with sodium
hypochlorite. The pepper seeds were surface
disinfected to avoid the presence of any saprophytic
and/or pathogenic microorganisms on the seed
surface. Seed disinfection was performed by dipping
the seeds for 3 min in 3% sodium hypochlorite and
washing four times in sterilized and distilled water
(sd H2O). The seeds were left to dry on sterile Whatman filter paper sheets were stayed an overnight in
the laminar flow hood for using further studies.

MATERIALS AND METHODS
Antibacterial activity assays. Antibacterial
activity assays were carried out by disc diffusion
method [25] with a minor modification on Triptic
Soy Agar (TSA, Merck, Germany) medium. The
essential oils and the extracts were prepared by
dissolving using 10% dimethylsulfoxide (DMSO),
and then were sterilized by filtration by 0.45 μm
Millipore filters. Bacterial cultures were grown in
Triptic Soy Broth (TSB, Merck, Germany) and adjust
spectophotometrically 1x108 CFU/ml by turbidity.
Their suspension (100 μL) containing 1x108 CFU/ml
of bacteria spread by a sterile swab on TSA medium.
The disks (6 mm in diameter) were impregnated with
12.5 μL of the essential oils (1/1 mL DMSO) and
1.25 mg of the extracts (10 mg/mL DMSO)
solutions. The disks were kept out for evaporization
of the organic solvents. Then, they were put in the
middle of the inoculated plates. The bacterial
cultures were incubated at 27 ± 2 ºC for 48 h, and
then inhibition zones were measured in diameter
(mm) around of the discs. Furthermore, bactericidal
and bacteriostatic activities were also determined.
The Triptic Soy Agar samples taken from inhibited
areas around the disks were put into nutrient broth
without essential oils, extracts and pure compounds,
and incubated at 27 ± 2 ºC IRUIRUK$IWHUKÕW
was observed that there was no bacterial growth in
the broth culture and it was considered as bactericidal
effect or not bactericidal. All the tests were made in
triplicate.

Coating procedure of pathogenic bacterium
on the seeds. Pathogen bacterium X. axonopodis pv.
vesicatoria strain Xcv 110c were grown in 50 ml
flasks containing 20 mL of TSB medium on a rotary
shaker (Gerhardt, laboshake) at 27 °C for 24 h.
Absorbance of the bacterial suspensions was
measured spectrophotometrically at 600 nm and
appropriately diluted to 1x108 CFU/ml in sdH2O.
Approximately, 0.2 g of sucrose (10 mg/mL) was
added to each Erlenmeyer flasks, and 90 g of the
surface-sterilized seeds were soaked separately in
this suspension. The seeds were incubated in the
flasks by shaking at 80 rpm for two days at 28 ºC to
coat the seeds with the pathogen. After shaking, the
seeds were taken out and air-dried on sterile Whatman filter paper sheets were stayed an overnight in
the laminar flow hood.
Pepper seeds treated with essential oils and
extracts. As stated above, the seeds were surface
disinfected and coated with the pathogen (X.
axonopodis pv. vesicatoria strain Xcv 110c). Then,
the seeds were treated with the essential oils and
extracts on two different ways. The concentrations
of the essential oils for S. spicigera and O.
rotindufolium (15.62, 31.25 and 62.50 μL/mL), and
for O. onites hexane, acetone and chloroform
extracts (5, 10, 15 and 20 mg/mL) were prepared by
dissolving in 10% DMSO: distilled-water in 10 mL
flasks.
In one of the applications, the seeds were
directly soaked in the extracts suspensions, and then
incubated by shaking at 80 rpm for 3 h at 28 ºC until
the seeds were uniformly coated with the
suspensions. In the other application, the seeds were
indirectly applied with the essential oil suspensions.
Sterile Whatman no. 1 filter papers were placed on
bottom of each of Petri dishes (9cm x 1.5cm deep).
The seeds surface disinfected and coated with the

Determination of minimum inhibition
concentration
(MIC).
Minimum
inhibition
concentrations (MICs) of the essential oils, extracts
and the pure compounds were tested by a two-fold
serial dilution method [4]. The dilutions of the
essential oils and carvacrol (500μL/mL) were
prepared by diluting 10% DMSO to achieve a
decreasing concentration ranging from 500 PL/ml to
3,125 PL/mL. However, solutions of the extracts and
thymol were prepared by diluting 10% DMSO at the
concentrations ranging from 100 mg/mL to 10
mg/mL. 100 PL of suspension containing 1x108
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We planted 10 seeds per plastic pots (6.5 x 6.5 cm)
containing garden soil and sand (1:1). The
experiment was conducted in a growth chamber with
an average temperature of 23 ± 2 ºC, relatively
humidity of about 60 % and photoperiod of
approximately 12-14 h day light. The seedlings were
watered once every two days. Pots were arranged in
a randomized block design with three repetitions.
Three pots of each treatment comprised a replicate.
The percentage of germinated seeds per
treatment was determined by counting the number of
germinated seeds twenty days after planting. Disease
severity was evaluated 45 days after planting using a
1 to 5 scale, in which 1 = no disease, 2 = a few watersoaked lesions, 3 = many spots with coalescence and
slight plant wilting, 4 = severe wilting and
defoliation, and 5 = plants dead (28). Forty five days
after planting, the seedlings were evaluated, and data
shoot fresh weight and root fresh weight were
recorded as average milligrams of biomass per plant.
The values were reported as averages for the three
repetitionsrstandard errors. The assays were
repeated three times with 10 lettuce seeds per pots
for each treatment. Inhibition of disease severity as
percentage [IDS(%)] was calculated as follows:
IDS(%) = 100 x (Acontrol ± Asample) / Acontrol
Where Acontrol is the disease severity of the
control (only pathogen application) and Asample is the
disease severity of the essential oils, extracts and
streptomycin sulfate applications.

pathogen put on this filter paper sheets in the Petri
plate. And then, Whatman no. 1 paper was stuck onto
the top of Petri dishes from inside and then
impregnated with the oil suspensions using an
automatic pipette. Thus, there was no direct contact
between the oil and the seeds. Petri dishes were
sealed with parafilm to prevent evaporation of oil
and incubated by shaking at 80 rpm for 1 h at 28 ºC.
Determination
of
the
germination
percentage and number of infected seedlings of
pepper seeds treated with the essential oils and
extracts on Petri plate assays. As stated above, the
seeds were surface disinfected, coated with the
pathogen (X. axonopodis pv. vesicatoria strain Xcv
110c) and then the seeds were treated with the
essential oils and extracts on two different ways.
Seeds were left to dry on sterile Whatman filter paper
sheets were stayed an overnight in the laminar flow
hood. Two sterile Whatman filter papers were placed
on the bottom of each Petri dish (9 cm-1.5 cm deep)
and 10 seeds were transferred on the filter papers.
Then, 10 mL of sd. H2O was added to each Petri
plate. The Petri dishes containing 10 seeds were
sealed with parafilm to prevent evaporation of water
were incubated in growth chamber on supplied with
12 h of fluorescent light and humidity of 80% at 23
± 2 ºC. The treated seeds were allowed to germinate
in Petri dishes. The assays were arranged in a
completely randomized design with three repetitions
including the controls. The percentage of germinated
seeds per treatment was determined by counting the
number of germinated seeds after 7 days. If at least 2
mm of radicle had emerged, the seeds were
considered germinated. If no, a few water-soaked
lesions on the cotyledons in the seedling stage were
observed after 7 days, these seedlings were
considered as infected with pathogenic bacterium
and vice versa. Streptomycin sulfate (500 μg/mL),
only sterilized seed+pathogen and sterilized seed+no
pathogen were used as controls.

RESULTS
Antibacterial activities of the essential oils
and extracts against plant pathogenic bacterium
on Petri plates. According to the in-vitro test results
(Table 1), the essential oils showed a strong
antibacterial activity based on the zone of inhibition
against pathogen on Petri plates. The inhibasyon
zones and MIC values of the essential oils ranged
from 29-42 mm and 15.62-ȝOP/UHVSHFWLYHO\
However, the extracts showed weak or no
antibacterial activity. Their inhibition zones and
MIC values ranged from 0-20 mm and 40-90
mg/mL, respectively. Among the extracts, the
strongest antibacterial effect was obtained from the
acetone extract of O. onites. S. spicigera hexane and
acetone extract and O. rotundifolium essential oil
and acetone extract had a bactericidal effect against
pathogen.

Statistical
analysis.
SPSS
software
programme version 10.0 was used for statistical
analysis. Analysis of variance (ANOVA) was used
to determine the effects of treatment on disease
incidence and growth measurements. The means
ZHUHFRPSDUHGXVLQJ'XQFDQ¶VPXOWLSOHUDQJHWHVWV
Results were expressed as average ± standard errors
(SE).
Determination of the effect of the essential
oils and extracts on the percentage of germinated
pepper seeds, disease severity and growth
promotion on pot assays. As stated above, the seeds
were surface disinfected, coated with the pathogen,
and then treated with the essential oils and extract
two different ways. In the both applications, the seeds
were left to dry on sterile Whatman filter paper sheets
were stayed an overnight in the laminar flow hood.

Efficiacy of of the essential oils and extracts
on the germination percentage and number of
infected seedlings of pepper seeds on Petri plates
assays. The results of the percentage of geminated
pepper seeds and number of infected seedlings
treated with essential oil and extract suspensions
were given in Table 2,3.
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TABLE 1
Antibacterial activities of the extracts, essential oils and effective component the isolated from plant
species against X. axonopodis pv. vesicatoria strain Xcv 110c
Extracts
Plant species
Essential oil
Hexane
Chloroform
Acetone
Methanol
IZD MIC
IZD MIC
IZD MIC
IZD MIC
IZD MIC
S. hortensis
36
31.25
11
70
8
90
11
90
S. spicigera
29
31.25
11* 70
9*
90
O. onites
34
15.62
15
40
14
60
20
40
O. rotundifolium
42* 125
8*
90
Thymol
41
20.00
Carvacrol
27
15.63
IZD: Inhibition zone in diameter (mm) around the disks (6 mm) impregnated with 1.25 mg of the extracts
and 12.ȝ/RIWKHHVVHQWLDORLO0,&0LQLPDOLQKLELWRU\FRQFHQWUDWLRQDVȝ/P/ í for the essential oil and
in mg mLí for the extracts; *: Bactericidal effect was observed; -: Not active
TABLE 2
Number of the infected seedling and percentage of the germinated pepper seeds coated with X. axanopodis
pv. vesicatoria strain Xcv 110c and than treated with S. spicigera and O. rotindufolium essential oils on
Petri plate assays
Treatments

S. spicigera essential oil
Germinated
Number of the
seeds (%)
infected
seedling

O. rotindufolium essential oil
Germinated Number of the
seeds (%)
infected
seedling

62.50
μL/mL
31.25
μL/mL
15.62
μL/mL

56.7 a

8.30 b

40.0 a

6.67 bc

60.0 a

6.15 b

53.3 ab

4.37 b

66.7 ab

9.26 b

66.7 bc

7.0 bc

500 μg/mL

73.3 ab

8.78 b

73.3 cd

8.18 c

-

63.3 a
83.3 b

9.73 b
0.0 a

63.3 bc
83.3 d

10.0 c
0.0 a

Dose

Essential oil

Controls
Streptomycin
sulfate
Only pathogen
No pathogen

TABLE 3
Number of the infected seedling and percentage of the germinated pepper seeds coated with X. axanopodis
pv. vesicatoria strain Xcv 110c and than treated with O. onites hexane, acetone and chloroform extracts on
Petri plate assays
Treatment
s

Hexane extract
Germinated
Number of the
seeds (%)
infected
seedling

Acetone extract
Germinated
Number of the
seeds (%)
infected
seedling

Chloroform extract
Germinat
Number
ed
of the
seeds (%)
infected
seedling

0.6 a

10.0 e

63.3 a

8.94 c

10 a

10.0 c

0.6 a

10.0 e

63.3 a

7.89 bc

100 b

8.66 b

10.0 a

0.92 b

66.6 a

8.00 c

100 b

9.66 c

53.3 b

3.75 c

66.6 a

9.50 cd

100 b

9.66 c

500
μg/mL

93.3 d

6.46 d

56.6 a

6.46 b

100 b

8.33 b

-

76.6 c

10.0 e

63.3 a

10.0 d

100 b

10.0 c

-

90.0 d

0.0 a

90.0 b

0.0 a

100 b

0.0 a

Dose

Extracts
20
mg/mL
15
mg/mL
10
mg/mL
5 mg/mL
Controls
Streptom
ycin
sulfate
Only
pathogen
No
pathogen
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As shown in Table 5, all of the concentrations
of O. rotindufolium essential oil caused the high
germination rate and reduced disease severity as
compared to only pathogen applications.
Furthermore, some of these positive effects were
statistically significant compared to only pathogen
applications. There was no significant difference in
disease severity among 125 and 250 μL/mL
concentrations of the essential oil in comparison to
the no pathogen application. The maximum
inhibition of the disease severity (68.11%) was
obtained from both 125 and 250 μL/mL
concentrations of the oil. The maximum plant height
was obtained from streptomycin sulfate. The root
fresh weight and shoot fresh weight were obtained
from 125 μL/mL concentrations of the oil.
Furthermore, the effect on shoot fresh weight was
statistically significant as compared to only pathogen
applications.
As shown in Table 6; there was not any
significant effect of O. onites hexane extract on
germination of pepper seeds as compared to both no
pathogen and only pathogen applications. The
lowest disease severity and the maximum inhibition
of the disease severity in the extract applications
were obtained from that of 10 mg/mL concentration.
The maximum plant height, plant root fresh weight
and shoot fresh weight were obtained from only
pathogen application. The extract applications had
not statistically significant activity on growth
parameters.
As shown in Table 7, O. onites acetone
applications caused the low germination rate. But, all
of the concentration of the oil significantly reduced
disease severity as compared to both streptomycin
sulfate and only pathogen applications. However,
there are not any significant differences among all of
the essential oil applications in comparison to the no
pathogen application. Maximum inhibition of the
disease severity (77.4%) was obtained from 5
mg/mL concentration of O. onites acetone extract.
The maximum plant height, root fresh weight and
shoot fresh weight were obtained from 10 mg/mL
concentrations of the extract. But, all of these
positive effects on vegetative growth of plants were
not statistically significant compared to only
pathogen or no pathogen application.
As shown in Table 8, all of the applied
concentrations of O. onites chloroform extract
significantly caused the lower germination rate than
that of the no pathogen application. The lowest
disease severity and maximum inhibition of the
disease severity were seen at 15 mg/mL
concentration of the extract. The highest plant
height, root fresh weight and shoot fresh weight were
obtained from only the pathogen application.
However, there are not any significant differences
among all of the applications.

As shown in Table 2, none of the
concentrations of S. spicigera essential oil had a
toxic effect on the pepper seed germination
according to only pathogen application. But, the
number of the infected seedlings was not reduced in
these concentrations as compared to both
streptomycin sulfate and only pathogen applications.
According to the results of O. rotindufolium essential
oil, some of the concentrations (31.25 and 62.50
μL/mL) had toxic effect on the pepper seed
germination, but the concentration of the oil with
15.62 μL/mL had not toxic as compared to only the
pathogen application. This application caused a
decrease on the number of the infected seedlings
with X. axanopodis pv. vesicatoria. Furthermore,
this decrease was statistically significant compared
to both streptomycin sulfate and only pathogen
applications.
As shown in Table 3, O. onites hexane extract
had a toxic effect on the pepper seed germination,
but all concentration of the acetone extract and
chloroform extracts (except 20 mg/mL) had no
toxicity. Furthermore hexane extract with 5 and 10
mg/mL of the concentration; acetone extract with 10,
15 and 20 mg/mL of the concentration; chloroform
extract with15 mg/mL of the concentration caused a
decrease on the number of the infected seedlings
with the pathogen as compared to only the pathogen
application.
Efficiacy of the essential oils and extracts on
the percentage of germinated pepper seed,
disease severity, shoot fresh weight and root fresh
weight on pot assays. The results showed the effect
of S. spicigera and O. rotindufolium essential oils,
and O. onites hexane, acetone and chloroform
extracts on the percentage of germinated pepper
seed, disease severity, shoot fresh weight and root
fresh weight on pot assays for X. a. pv. vesicatoria
were given in Tables 4-8.
As shown in Table 4, all of the applied
concentrations of S. spicigera essential oil
significantly provided the higher germination rate
than that of the only pathogen, no pathogen and
streptomycin sulfate applications. Furthermore,
these applications significantly reduced disease
severity as compared to both streptomycin sulfate
and only pathogen applications. The maximum
inhibition of the disease severity (75%) was obtained
from the concentrations of the essential oil
application with 62.5 μL/mL. The highest plant
height, root fresh weight and shoot fresh weight were
obtained
from
streptomycin
sulfate,
the
concentrations of the oil with 15.62 and 15.62
μL/mL, respectively. Furthermore, the positive
effects of 15.62 μL/mL concentration application on
root fresh weight and shoot fresh weight were
statistically significant as the controls.
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TABLE 4
The effects of S. spicigera essential oil on the germination of pepper seeds and disease severity caused
by X. axanopodis pv. vesicatoria strain Xcv 110c on pots.
Treatments
Essential oil

Dose (μL/mL)
PGS (%) DS
IDS (%) PH (mm)
RFW (g/plant) SFW (g/plant)
62.5
40.0 c
1.00±0.00 a 75.00
18.17±0.42 a
6.73±1.13 a
1.98±0.37 ab
31.25
53.3 cd
1.83±0.16 b 54.25
19.33±0.64 ab 9.74±0.80 bc
2.86±0.24 bc
15.62
60.0 d
3.17±0.16 c 20.75
19.66±0.73 ab 11.60±0.14 c
3.52±0.05 c
Streptomycin sulfate
500 μg/mL
16.7 a
1.33±0.21 a 66.75
24.00±1.67 b
5.00±0.61 a
1.46±0.27 a
Control (only pathogen) 30.0 b
4.00±0.25 d 21.53±2.37 ab 5.49±1.44 a
1.55±0.47 a
Control (no pathogen)
33.3 b
1.00±0.00 a 20.41±2.49 ab 6.96±1.12 ab
2.17±0.38 ab
PGS: Percentage of germinated pepper seeds; DS: Disease severity; IDS: Inhibition of disease severity according to control; PH: Plant height
(PH); RFW: Root fresh weight; SFW: Shoot fresh weight on pots. Values followed by different letters in the same column are significantly
different (3 EDVHGRQ'XQFDQ¶VPXOWLSOHUDQJHWHVW

TABLE 5
The effects of O. rotindufolium essential oil on the germination of pepper seeds and disease severity caused
by X. axanopodis pv. vesicatoria strain Xcv 110c on pots.
Treatments
Essential oil

Dose (μL/mL)
PGS (%) DS
IDS (%) PH (mm)
RFW (g/plant) SFW (g/plant)
250
40.0 b-d
1.17±0.16 a 68.11
19.80±0.69 ab 6.01±0.87 ab
1.97±0.37 ab
125
53.3 d
1.17±0.16 a 68.11
19.73±0.51 ab 8.34±0.28 b
2.86±0.06 b
62.50
50.0 cd
2.17±0.16 b 40.87
18.55±0.74 a
7.79±0.61 ab
2.63±0.11 ab
Streptomycin sulfate
500 μg/mL
16.7 a
1.33±0.21 a 63.76
24.00±1.67 b
5.00±0.61 a
1.46±0.27 a
Control (only pathogen) 30.0 ab
3.67±0.33 c 21.53±2.37 ab 5.49±1.44 ab
1.55±0.47 a
Control (no pathogen)
33.3 a-c
1.00±0.00 a 22.41±2.49 ab 6.96±1.12 ab
2.17±0.38 ab
PGS: Percentage of germinated pepper seeds; DS: Disease severity; IDS: Inhibition of disease severity according to the control; PH: Plant
height (PH); RFW: Root fresh weight; SFW: Shoot fresh weight on pots. Values followed by different letters in the same column are
significantly different (3 EDVHGRQ'XQFDQ¶VPXOWLSOHUDQJHWHVW

TABLE 6
The effects of O. onites hexane extract on the germination of pepper seeds and disease severity caused
by X. axanopodis pv. vesicatoria strain Xcv 110c on pots.
Treatments
Hexane extract

Dose (mg/mL)
PGS (%) DS
IDS (%) PH (mm)
RFW (g/plant) SFW (g/plant)
20
73.3 b
1.66±0.81 bc 50.15
5.73±0.35 ns 0.03±0.01 bc
0.21±0.02 ns
15
70.0 ab
2.00±0.89 bc 39.93
5.52±0.73
0.02±0.00 ab
0.20±0.04
10
70.0 ab
1.33±0.51 b
60.06
6.12±0.26
0.01±0.00 a
0.19±0.04
5
80.0 b
2.33±0.51 c
30.03
5.79±0.47
0.02±0.00 ab
0.25±0.01
Streptomycin sulfate
500 μg/mL
56.6 a
2.33±0.51 c
30.03
6.20±1.22
0.02±0.00 ab
0.28±0.11
Control (only pathogen) 83.3 b
3.33±0.81 d
6.78±1.05
0.04±0.01 c
0.32±0.05
Control (no pathogen)
76.6 b
1.00±0.00 a
6.23±1.28
0.02±0.00 abc
0.26±0.10
PGS: Percentage of germinated pepper seeds; DS: Disease severity; IDS: Inhibition of disease severity according to control; PH: Plant height
(PH); RFW: Root fresh weight; SFW: Shoot fresh weight on pots; ns: Not significant; Values followed by different letters in the same column
are significantly different (3 EDVHGRQ'XQFDQ¶VPXOWLSOHUDQJHWHVW

TABLE 7
The effects of O. onites acetone extract on the germination of pepper seeds and disease severity caused
by X. axanopodis pv. vesicatoria strain Xcv 110c on pots.
Treatments
Acetone extract

Dose (mg/mL)
PGS (%) DS
IDS (%) PH (mm)
RFW (g/plant) SFW (g/plant)
20
30.0 a
1.33±0.51 a 60.06
6.00±0.61 ab 0.02±0.01 ns
0.23±0.03 ns
15
60.0 d
1.33±0.51 a 60.06
5.60±0.87 a
0.01±0.00
0.21±0.05
10
43.3 b
1.33±0.51 a 60.06
7.61±0.62 b
0.08±0.08
0.33±0.04
5
43.3 b
1.00±0.00 a 69.96
6.40±0.44 ab 0.01±0.00
0.30±0.03
Streptomycin sulfate
500 μg/mL
50.0 c
2.33±0.51 b 30.03
6.20±1.22 ab 0.02±0.02
0.27±0.11
Control (only pathogen) 63.3 de
3.33±0.81 c 5.99±0.31 ab 0.03±0.00
0.31±0.04
Control (no pathogen)
76.6 e
1.00±0.00 a 6.23±1.28 ab 0.02±0.00
0.26±0.10
PGS: Percentage of germinated pepper seeds; DS: Disease severity; IDS: Inhibition of disease severity according to control; PH: Plant height
(PH); RFW: Root fresh weight; SFW: Shoot fresh weight on pots; ns: Not significant; Values followed by different letters in the same column
are significantly different (3 EDVHGRQ'XQFDQ¶VPXOWLSOHUDQJHWHVW

TABLE 8
The effects of O. onites chloroform extract on the germination of pepper seeds and disease severity caused
by X. axanopodis pv. vesicatoria strain Xcv 110c on pots.
Treatments
Chloroform extract

Dose (mg/mL)
PGS (%) DS
IDS (%) PH (mm)
RFW (g/plant) SFW (g/plant)
20
36.6 abc
1.66±0.81 bc 50.15
5.93±0.55 ns 0.03±0.10 ns
0.19±0.02 ns
15
26.6 a
1.50±0.54 b
54.95
5.72±0.19
0.02±0.00
0.19±0.02
10
43.3 bc
2.66±0.51 de 20.12
5.46±0.58
0.02±0.00
0.16±0.12
5
60.0 d
3.66±0.51 f
ND
6.25±1.20
0.02±0.00
0.26±0.05
Streptomycin sulfate
500 μg/mL
50.0 c
2.33±0.51 cd 30.03
6.20±1.22
0.02±0.00
0.27±0.11
Control (only pathogen) 63.3 d
3.33±0.81 e
6.78±1.05
0.04±0.00
0.32±0.05
Control (no pathogen)
76.6 e
1.00±0.00 a
6.23±1.28
0.02±0.00
0.26±0.09
PGS: Percentage of germinated pepper seeds; DS: Disease severity; IDS: Inhibition of disease severity according to control; PH: Plant height
(PH); RFW: Root fresh weight; SFW: Shoot fresh weight on pots; ns: Not significant; Values followed by different letters in the same column
are significantly different (3 EDVHGRQ'XQFDQ¶VPXOWLSOHUDQJHWHVW
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phenols, especially carvacrol and thymol. It is
known that phenolic compounds such as carvacrol
and/or thymol are one of the main components of the
S. hortensis [5,38], S. spicigera [4], O. onites [36]
and O. rotundifolium [39].
In the Petri plate assays, especially the hight
concentrations of the essential oils and/or extracts
showed a toxic effect on the pepper seed
germination. Genarally, the number of the infected
seedlings were not reduced as compared to both
streptomycin sulfate and no pathogen applications.
We think that this is related to high relative in Petri
plate. Because, some of these concentration of the
essential oils or extracts significantly reduced
disease severity as compared to both streptomycin
sulfate and only pathogen applications.
Many plant essential oils, extracts and their
pure compounds are considered to play a role in host
defense mechanisms against plant pathogens. It is
stated that biologically active compounds present in
plant products act as elicitors and induce resistance
in host plants resulting in reduction of disease
development [39,40,41]. In addition, peroxidases
have diverse functions in plant life such as defense
against pathogen, cross-linking of cell wall
components, formation of lignin and suberin, auxin
catabolism, and antioxidant defense. Because of the
antioxidant properties found in S. hortensis, it is
important to characterize the peroxidases present in
this labiatae [7].
In this study, some of the concentrations of the
essential oil or the extracts caused a positive effect
on the plant growth parameters. Therefore, this
increase can be related to host defense mechanisms
in plants against plant pathogens. The mechanism of
the action of the essential oil is probably related to
the outer membrane disintegrating properties of
thymol and carvacrol [42]. Our results also
confirmed that the potent antibacterial effect of the
essential oils and extracts of tested plant species is
probably related to its carvacrol and thymol
constituents. In the literature, some investigations
suggest that these compounds penetrate inside the
cell, where they interfere with cellular metabolism
[11,43,44]. Other studies also indicated that they
disturb the structure of the cellular membrane and
react with the active sites of enzymes or act as an H+
carrier, depleting adenosine triphosphate pool
[45,46].
Application of the plant essential oils and
extracts as a seed disinfectant is an inexpensive and
effective technique, and its easy adaptability will
give additional advantages leading to acceptances of
this technology by farmers. In this study, some
concentrations of the essential oils and extracts were
not toxic to the pepper seeds, and could be used as
potential disinfection agents against X. axonopodis
pv. vesicatoria. In conclusion, our results show that
some of the concentraitions of the essential oils or
the extracts of S. hortensis, S. spicigera, O. onites

DISCUSSION
Bacterial spot disease of pepper, caused by X.
axonopodis pv. vesicatoria, is a serious problem in
the processing pepper fields in the eastern
Mediterranean region of Turkey [27]. Contaminated
seeds by the pathogen are considered contaminated
seeds as the primary inoculum source of the disease
and have a significant role in disease outbreak in this
region [28]. Use of pathogen-free seeds and/or seed
treatments can be recommended for effective
management of the disease.
In recent years, the use of synthetic pesticides
in plant disease protection programs around the
world has resulted in disturbances of the
environment, pest resurgences, and pest resistance to
pesticides and lethal effect to non target organisms
in the agro-ecosystems in addition to direct toxicity
to users [29,30,31]. It is also known that many plant
pathogenic bacteria have acquired resistance to
synthetic pesticides [32]. Therefore, considering the
deleterious effects of synthetic pesticides on life
supporting systems, there is an urgent need to search
for alternative approaches for the management of
plant pathogenic microorganisms. One of the
alternative control methods of the disease is use of
effective plant extracts as seed treatments in
conventional and organic agriculture.
Many publications have been previously
documented on the antimicrobial activity of the
essential oil or extracts against plant pathogenic
bacteria Xanthomonas sp.
[8,19,20,21,22,23,28,31,33]. However, there
are few reports on using of plant essential oils and
extracts as seed treatments for fungal pathogens and
bacterial pathogens under in vivo conditions. It was
stated that that seed treatment with essential oil and
extract of Cleistocalyx operculatus effectively
inhibited Xanthomonas spp [31], and bacterial spot
disease severity on tomato and pepper seedlings was
reduced between 77 and 96% at ratios by Alium
sativum and Eucalyptus sp. extracts, respectively
[28]. Similar results have also reported in some
studies [34,35].
The plant essential oils and extracts of S.
hortensis, S. spicigera, O. onites and O.
rotindufolium have been recognized as having
antibacterial effects, but their efficacy as seed
disinfectants on plant pathogenic bacteria has not
been studied. The present study showed that the
essential oils and/or extracts of S. hortensis, S.
spicigera, O. onites and O. rotindufolium possess
antibacterial activities against all the tested plant
pathogenic bacterium on Petri plate and pot assays.
These results are in agreement with the previous
literature
reported
on
these
species
[3,5,6,7,8,9,10,11,13,14,15,16,17,36,37,38].
We
think that this is related to main compounds of the
extracts and essential oils obtained from tested plant
species, in which found to be rich monoterpene
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(ISHS). 723: 209-214.
[8] Kizil, S. and Uyar, F. (2006). Antimicrobial
activities of some thyme (Thymus, Satureja,
Origanum and Thymbra) species against
important plant pathogens. Asian J. Chem.
18(2): 1455-1461.
[9] Adiguzel, A., Ozer, H., Kilic, H. and Cetin, B.
(2007). Screening of antimicrobial activity of
essential oil and methanol extract of Satureja
hortensis on food borne bacteria and fungi.
Czech. J. Food Sci. 25: 81-89.
[10] Dikbas, N., Kotan, R., Dadasoglu, F. and Sahin,
F. (2008). Control of Aspergillus flavus with
essential oil and methanol extract of Satureja
hortensis. Int. J. Food Microbiol. 124: 179-182.
[11] Karami-Osboo, R., Khodaverdi, M. and AliAkbari, F. (2010). Antibacterial effect of
effective compounds of Satureja hortensis and
Thymus vulgaris essential oils against Erwinia
amylovora. J. Agric. Sci. Technol. 12: 35-45.
[12] Baser, K.H.C., Tumen, G. and Duman, H.
(1997). Essential oil of Origanum acutidens
(Hand.-Mazz) Ietswaart. J. Essent. Oil Res. 9:
91-92.
[13] Sahin, F., Gulluce, M., Daferera, D., Sokmen,
A., Sokmen, M., Polissiou, M., Agar, G. and
Ozer, H. (2004). Biological activities of the
essential oils and methanol extract of Origanum
vulgare ssp. vulgare in the Eastern Anatolia
region of Turkey. Food Control. 15: 549-557.
[14] Sokmen, M., Serkedjleva, J., Dalerera, D.,
Gulluce, M., Pollissiou, M., Tepe, B., Akpulat,
H.A., Sahin, F. and Sökmen, A. (2004). In vitro
antioxidant, antimicrobial and antiviral
activities of the essential oil and various extracts
from herbal parts and callus cultures of
Origanum acutidens. J. Agric. Food Chem. 52:
3309-3312.
[15] Bozin, B., Mimica-Dukic, N., Simin, N. and
Anackov, G. (2006). Characterization of the
volatile composition of essential oils of some
Lamiaceae spices and the antimicrobial and
antioxidant activities of the entire oils. J. Agric.
Food Chem. 54: 1822-1828.
[16] Figueredo, G., Chalchat, J.C. and Pasquier, B.
(2006). Studies of Mediterranean Oregano
populations IX: Chemical composition of
essential oils of seven species of oregano of
various origins. J. Essent. Oil Res. 18: 411-415.
[17] Kordali, S., Cakir, A., Ozer, H., Cakmakci, R.,
Kesdek, M. and Mete, E. (2008). Antifungal,
phytotoxic and insecticidal properties of
essential oil isolated from Turkish Origanum
acutidens and its three components, carvacrol,
thymol and p-cymene. Bioresource Technol. 99:
8788-8795.
[18] Dikbas, N., Dadasoglu, F., Kotan, R. and Cakir,
A. (2011). Influence of summer savory essential
oil (Satureja hortensis) on decay of strawberry
and grape. Jeobp. 14 (2): 151-160.

and O. rotindufolium can be used as a seed
disinfectant and as potential control agents for
management of bacterial disease. Further studies on
the combined effects of many local plant essential
oils, extracts and their components as seed
disinfectant are in progress in our model systems.
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because of its little consumption by local people.
However it is caught was carried out intensively in
the Orontes River and in its tributaries as non-target
species in fishing of commercial species in the
region. The commercial species some Cyprinidae
species such as catfish (Clarias gariepinus), eel
(Anguilla anguilla), Barbus spp. and Capoeta spp.
are also caught in this area. Basic fishing methods
used in the river fishing zone were line fishing, trap,
gillnets, and fyke nets [3].
Its ecological role, amount of population in the
region and nutritional properties, were to the Orontes
River ecosystem. Especially, analysis of the
intestinal system is the basic step of nutritional
ecology. The examination and establishment
of nutritional profile depending on age groups will
determine food preferences of this species. These
relationships have been determined for many species
[4-7]. There are studies on the nutritional ecology of
some species such as C. gariepinus, C. barroisi, A.
anguilla in the Orontes river system [8-10]. Besides,
LQ UHFHQW \HDUV LW KDV EHHQ ÕQYHVWLJDWHG WKDW WUDFH
element levels of Cyprinidae species such as C.
gariepinus related to the nutritional effects [11]
Studies were conducted by dividing the Orontes
River into three regions. This study was conducted
on Güzelburç, Afrin, and Karasu systems covering
the upper parts of the river. There are no studies on
Afrin and Karasu parts of the river.
The purpose of this study is to obtain basic
information on the contents of the intestinal tract
of G. rufa which lives in the Orontes river basin and
to reveal the dietary preferences of this species
depending on age. It is also aimed that this
information contributes to future research to be
carried out on the nutritional biology of the species.

ABSTRACT
In this study, 75 Garra rufa samples were
examined to determine the feeding preference. These
samples were collected from the tributaries of the
Orontes River by using fyke nets, set nets, and
electroshock method. G. rufa shows grazer type of
nutritional characteristics. Basic nutritional regime
was found to rely on phytoplanktons. When
importance values of the nutrition sources of this
species are analyzed, it is observed that
Bacillariophyta is the fundamental group with an IRI
(Index of Relative Importance) value of 6800.198.
Especially the benthic forms of this family are
important nutrient groups. Total nutrients are
comprised of Bacillariophyta (65.15%), Cyanophyta
(16.21%), and Euglenophyta (0.02%). Organisms of
animal origin (Protozoa, Nematoda), although in a
very small amount, are also among the nutrient
groups of this species.

KEYWORDS:
Asi River, Garra rufa, Nutrient Composition, Index of
Relative Importance (IRI)

INTRODUCTION
Garra rufa is a species belonging to
the Cyprinidae family and is abundant in the Orontes
River which is the largest river in northern Levant.
Because of its resistance to difficult ecological
conditions, this species is named by local people
as kurbati, which means gypsy fish. The endemic
fish live in Ceyhan, Euphrates and Tigris Rivers, the
Eastern Mediterranean coastal drainage, Kuwait and
Jordan Basins, the south of Iran and Syria [1].
The fish were used for the treatment of some
skin diseases such as psoriasis and neurodermatitis
in SPA (Salus Per Aqua) pools in the region [2].
Because the fish feeds on swimmers by scratching
skins and flakes of them, it affects the diseased
location in the warm waters of Sivas Kangal Balikli
spa in Central Anatolia. Therefore, it is also known
as the doctor fish or Kangal Fish.
The economic value of this fish was low

MATERIALS AND METHODS
Orontes River originates in Beqaa in Lebanon,
in the north of Baalbek threshold and then flows
towards the north and enters Syria. It deviates from
its path due to basaltic lava flows in the Homs region
where it turns to limestone plateaus of Hama and
passes the Bab pit on reaching Amykes rift, it turns
to the west and after uniting with Afrin and Karasu
5999
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TABLE 1
Occupancy Conditions of Gastrointestinal of fishes by the seasons and months.
Occupancy Conditions
Total
Number of Full
Number of Empty
of Gastrointestinal
Number of
Gastrointestinal
Gastrointestinal
Fish
Fullness % Space %
SPRING
18
16
2
89
11
March 02
5
4
1
80
20
April 02
7
7
100
May 02
6
5
1
83
17
SUMMER
19
17
2
89
11
June 02
6
6
100
July 02
7
6
1
86
14
August 02
6
5
1
83
17
AUTUMN
18
17
1
94
6
September 02
4
4
100
October 02
7
7
100
November 02
7
6
1
86
14
WINTER
20
17
3
85
15
December 02
7
7
100
January 03
6
4
2
67
33
February 03
7
6
1
86
14
TOTAL
75
67
8
89
11
on [15-22] sources, depending on the diagnostic
characteristics reported by the researchers.
Permanent preparate was made when needed. Since
it was not possible to work at the level of species for
the counts, assessments were carried out at the level
of genus.
Assessments were calculated using the
following formulas. Frequency of occurrence was
determined using this equation.
) )LȈ)Q[
Where F stands for occurrence frequency
percentage, Fi: frequency of fish with nutrient i in its
stomach, and Fn: the total number of fish analyzed,
respectively.
Abundance percentage indicates the percentage
of the total number of each organism in the
stomachs.
1 1LȈ1[
In the equation N: Numeric percentage, Ni: the
number of nutrient variety i in all stomachs. Ȉ1WKH
total number of all nutrients listed in all stomachs.
9 9LȈ9[
In the above equation, V: volumetric
percentage, Vi: the total volume of organism i, and
Ȉ9WKHWRWDOYROXPHRIDOOWKHRUJDQLVPVDQDO\]HG
[23, 24]. Here, volume calculations were done
approximately by using the similarity between
organisms and geometric shapes [25]. The
method demonstrating the degree of importance of
nutrient organisms in the nutrition of fish was used.
This method is the Index of Relative Importance
(IRI). This index is expressed as the following
equation [24, 26].
IRI = (V + N) x F
Where IRI stands for Index of Relative
Importance, N: numerical percentage of nutrient
variety, F: percentage frequency of availability of

tributaries, it passes through Antakya and turns to
southwest and falls into the Mediterranean Sea in the
VRXWK RI 6DPDQGD÷Õ. Orontes River is used for
irrigation purposes in Lebanon, Syria, and Turkey.
The total length of Orontes River is 380 km and its
length within the borders of Antakya is about 94 km
[8, 12].
The research was conducted at 36o14.522//N
latitude, 36o11.572//E longitude, in the settlement of
Guzelburc and parts of Afrin and Karasu. In this
region the river flows fast in a deep and uniform line.
In the region, the depth of the river varies according
to the seasons and decreases in summer and autumn.
It was observed during the study that the depth of the
river increases in winter months due to increased rate
of precipitation and also especially due to Syria's
releasing more water from the dam in the spring.
There grow shrubs on the embankment of the river
in the study area. Bottom structure of the river is
muddy and water is turbid during a large part of the
year. Fishing was carried out by fyke nets, gillnets,
or electroshock method on a monthly basis. Gillnets
and fyke nets were laid in the evening and collected
the next morning. Caught fish were brought readily
to the laboratory early in the morning. Then
abdomens of individual fish were cut by a scissors
from anus to esophagus and their digestive ducts
were removed. Tissue and fat particles surrounding
the digestive tract were cleaned and kept in jars with
4% formaldehyde [13]. Where it was not possible to
study the fish, samples were stored in a freezer and
studied later. Intestinal contents were stored in 4%
formaldehyde with borax. Then, the volume of
contents of each individual fish was measured. The
contents of the digestive system were studied in
accordance with volumetric method [14].
Identification of the organisms was based
6000
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caught (15%) over the winter. Maximum fullness of
the species were reached in autumn (% 94).
According to the analysis of the contents of the
digestive system, most of the nutrient varieties
consumed by G. rufa were phytoplanktonic
organisms, whereas a very small proportion of the
contents was composed of zooplanktonic organisms.
Among
the
phytoplanktonic
groups
of
organisms Navicula was the most consumed variety
of nutrient (31.2%), whereas Cocconeis and
Diatoma was the least consumed variety of
nutrient (0.01%) (Table 2).

percentage,

RESULTS
In Table 1, it was determined that stomach intestinal contents of 75 fish examined were 89 %
full. In addition, digestive tracts of eight fish were
observed to be completely empty, and this situation
was indicated by the rate of 11 % gap. The fish with
empty digestive tracts were most frequently

TABLE 2
Nutritional importance of values according to phylum.
Chlorophyta
Actinastrum
Characium sp.
Cholorococcum sp.
Dictyosphaerium
Cladophora sp.
Pediastrum sp.
Phacotus sp.
Scedenesmus sp.
Schroederia sp
Spirogyra sp.
Stigeoclonium sp.
Tetraedron sp.
Trebouxia sp.
Westella sp.
Bacillariophyta
Achnanthes sp.
Cocconeis sp.
Cymatopleura sp.
Cymbella sp.
Denticula sp.
Diatoma
Eunotia sp.
Fragilaria sp.
Gomphonema sp.
Gyrosigma sp.
Melosira
Meridion sp.
Navicula sp.
Nitzschia sp.
Pinnularia sp.
Rhoicosphenia sp.
Surirella sp.
Synedra sp.
Cyanophyta
Anabaena sp.
Chroococcus sp.
Dactylococcopsis sp.
Merismopedia sp.
Oscillatoria sp.
Euglenophyta
Euglena sp.
Protozoa
Nematoda
Rotifera
Unidentified

N
14.27
0.5
0.2
1.2
0.1
0.3
3.5
0.4
5.1
0.6
0.42
0.28
0.9
0.27
0.5
65.15
0.012
0.01
2.1
1.2
3.1
0.01
0.02
0.05
12.3
0.02
1.2
0.12
31.2
11.1
0.1
1.7
0.036
0.79
16.21
0.1
0.2
4.6
0.11
11.2
0.02
0.02
0.1
0.1
0.02
4.5

F
57.3
1.2
1.5
2.1
0.7
1.9
21.3
1.1
52.3
0.8
1.2
4.5
3.7
0.2
0.8
97.2
1.2
27.6
41.2
7.6
35.6
0.5
1.9
4.2
68.3
9.2
12.1
1.2
71.2
51.2
1.2
31.2
4.2
8.3
51.2
1.2
1.4
7.8
1.6
41.5
4.2
4.2
3
1.8
1.6

6001

V
94.34
0.00
0.02
0.07
0.15
0
93.5
0.01
0.07
0
0
0
0.46
0.01
0.03
4.81
0
0
3.21
0.42
0.19
0
0
0
0.23
0
0.09
0
0.13
0.14
0.02
0.15
0.03
0.19
0.11
0
0
0
0.05
0.05

IRI
6223.4
0.61
0.33
2.66
0.18
0.57
2066.17
0.46
270.3
0.48
0.51
1.27
5.04
0.06
0.43
6800.2
0.01
0.31
218.87
12.34
117.23
0.01
0.04
0.22
856.02
0.2
15.6
0.14
2230.78
575.61
0.14
57.6
0.27
8.12
835.4
0.12
0.28
35.89
0.26
466.87
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Chlorophyta
Actinastrum
Characium sp.
Cholorococcum sp.
Cladophora sp.
Pediastrum dublex
Pediastrum simplex
Pediastrum sp.
Phacotus sp.
Scenedesmus bijuga
S. quadricauda
Scedenesmus sp.
Schroederia sp
Spirogyra sp.
Stigeoclonium sp.
Tetraedron sp.
Trebouxia sp.
Westella sp.
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TABLE 3
Food organisms of G. rufa
Bacillariophyta
Achnanthes sp.
Cocconeis placentula
Cocconeis sp.
Cymatopleura sp.
Cymbella sp.
Denticula sp.
Diatoma
Eunotia sp.
Fragilaria sp.
Gomphonema sp.
Gyrosigma sp.
Melosira
Meridion sp.
Navicula sp.
Nitzschia sp.
Pinnularia sp.
Rhoicosphenia curvata
Surirella sp.
Synedra ulna

Cyanophyta
Anabaena sp.
Chroococcus sp.
Dactylococcopsis sp.
Merismopedia sp.
Oscillatoria sp.
Tetrapedia
Euglenophyta
Euglena sp.
Protozoa
Nematoda
Rotifera

this study that these adverse conditions are not only
tolerated by G. rufa, but also because G.
rufa provides the conversion of these into matter and
energy as a link of the food chain, it has an important
place in the Orontes River ecosystem. For this
reason, the usability of G. rufa as a biological agent
in negative situations such as the explosion of algae
in different aquatic environments should be
investigated. In addition, samples which belonged to
the Oscillatoria genus were observed in the nutrients
of this fish however it was not possible to diagnose
the species of these samples. These species can be
toxic. It should be investigated how toxicity would
affect the status of the food chain. Therefore,
identification of these toxic species can be
recommended for further studies.
The main reason for G. rufa to prefer
Bacillariophyta members is the relatively easier
grazing on these species due to the structure of the
mouth of the fish. Accordingly, it can be suggested
that the species is feeding by scraping the
substrate. In addition, young individuals digest these
nutrients faster than adults. A similar situation was
also indicated in the study of [10]. Although the
number of Pediastrum sp. was very few, IRI values
were high due to its greater the volume.
Orontes River is semi-polluted at some places
and about to be polluted at other places [12]. Orontes
River is polluted with all types of wastes that are
caused by agrarian, industrial, and urban activities in
cities including Hama and Homs in Syria and
Antakya in Turkey, which are notably densely
populated urban areas [30]. All these contaminants
may concentrate on the river bed sediments during
dry seasons. These factors negatively affect the river
system.

Depending on the IRI values; Navicula sp.,
Pediastrum sp., Gomphonema sp., Nitzschia sp.,
Oscillatoria sp., Scenedesmus sp., Cymatopleura sp.
and Denticula sp. constituted the primer nutrient
groups of the doctor fish. Rhoicosphenia sp.,
Dactylococcopsis sp. and Melosira sp. were
comprised secondary nutrient groups. Least
consumed food organisms were listed as Achnanthes
sp, Diatoma sp., Eunotia sp., Trebouxia sp. (Table
3).

DISCUSSION
Phytoplanktons are main nutrients of G.
rufa. These
phytoplanktons
are benthic algae
with epipelic, epilithic, and epiphytic properties. A
large part of these benthic algae is composed of
organisms that belong to Bacillariophyta. This
situation is related to the fact that the species has a
ventral structured mouth and it is concluded that
it has percolating
nutrition
properties
on
the sediment. This situation is in line with
the nutritional properties of the species indicated
by [27].
There are toxic and pollution-indicator species
among the nutrients of the fish. [28] suggested
that Nitzschia palea be regarded as an indicator of
pollution in waters with plenty of domestic and
animal waste. A similar situation occurred in our
study as well. Species such as Synedra sp. and
Navicula sp., which are among the nutrient
organisms for G. rufa, have been reported to be
among the characteristics of waters rich in domestic
waste [29]. In our study, presence of high levels of
these species could be an indicator of domestic waste
polluting the water in the river. It was determined in
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(Burchell, 1822). Fresen. Environ. Bull., 25(7),
2682-2686.
[12] 7DúGHPLU0DQG*|NVX=/  6RPHRI
the Asi River Water Quality. Ege Journal of
Fisheries and Aquatic sciences, 18 (1-2), 55-64.
[13] Spataru, P. and Gophen, M. (1987). Food
Composition of Tristramella sacra (Günther,
 LQ/DNH.LQQHUHWøVUDHO,VUDHO-RXUQDORI
Zoology, 34, 183-189.
[14] Ekingen, G. (1983). Trout (Salmo trutta labrax
Pall.) Natural Nutrition in Munzur Stream
Areas, E.Ü. Faculty of Science Journal Series B.
1, 120-129.
[15] Prescott, G.W. (1951). Algae of the Western
Great Lakes Area with an Illustrated Key to the
Genera of Desmids and Freshwater Diatoms,
Department of Botany and Pathology Michigan
State University, USA. 402 p
[16] Ward, H.B. and Whipple, G.C. (1959).
Freshwater Biology. John Wiley and Sons, Inc,
USA. 1248 p
[17] Krauter, D. and Streble, H. (1968). Das Leben
im Wassertropfen Mikroflora and Mikrofauna
Des Sübwassers, Gesellschaft der Naturfreunde
)UDQFNK¶VFKH 9HUODJVKDQGOXQJ 6WXWWJDUW
(Germany). 400 p
[18] Patrick, R. and Reimer, C.W. (1975). The
Diatoms of Exclusive of Alaska and Hawaii,
Volume 2. The Academy of Naturel Sciences of
Philadelphia Library of Congress Catalog Card,
Philadelphia. 325 p
[19] Lind, E.M. and Brook, A.J. (1980). Desmids of
the English Lake District, Freshwater Biological
Association Scientific Publication, England.
320 p
[20] Foged, N. (1981). Diatoms in Alaska, A.R.
Gantner Verlag K.G., Germany. 317 p
[21] Korshikov, O.A. (1987). The Freshwater Algae
of the Ukrainian SSR. Bishen Singh Mahendra
Pal Singh and Koeltz Scientific Books, India.
624 p
[22] Lund, H.C. and Lund, J.W.G. (1995).
Freshwater Algae, Biopress Ltd, England. 526 p
[23] Windell, J.T. (1971). Food Analysis and Rate of
Digestion. In: Methods for Assessment of Fish
Production in Fresh Waters (Ricker W.E., ed.),
pp. 215-226. Oxford and Edinburgh: Blackwell
Scientific Publication.
[24] Hyslop, E. J. (1980). Stomach Contents
Analysis ± A Review of Methods and their
application. Journal of Fish Biololgy, 17, 411429.
[25] &LULN6DQG*|NSÕQDUù  ,QIRUPDWLRQ
and Culture of Plankton, Ege University Press,
ø]PLU 7XUNH\ S
[26] Alayola, J. R., Herera, A. H., Magana, F. G.,
Cardenas, L. A. A. and Melo A. F. M. (2002).
Diet Composition of Sailfish (Istiophorus
platypterus) from the Southern Gulf of
California, Mexico. Fisheries Research, 57,

CONCLUSIONS
As a conclusion, this study on G. rufa in the
shared habitat will provide preliminary information
on the river ecosystem as well as nutrition ecology
of G. rufa in the entire Orontes River and its
tributaries. The results showed that G. rufa were able
to feed on various plankton species, although they
preferred phytoplankton.
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ABSTRACT
Data on cadmium (Cd) content in acid paddy
soil and in rice with different varieties were extracted
from previous literatures. The relationship between
Cd content in acid paddy soil and in rice, and the proportion of rice varieties with Cd content exceeding
and within the standard compared to the total number
in paddy soils that exceeded the Cd standard at different levels were analyzed. For 49.71% of the paddy
soils with Cd exceeding the standard, rice grown in
such soils was within the standard. For 3.96% of
paddy soils with Cd within the standard, rice grown
in such soils exceeded the standard. As a whole, the
Cd content in paddy soils was positively correlated
with Cd content in rice. With increases of Cd content
exceeding the Cd standard in paddy soils, there was
a decrease in the proportion of paddy soils in which
the Cd content in rice was within the standard. With
increases of Cd content exceeding the standard in
paddy soils, the proportions of rice varieties exceeding and within the Cd standard compared to all rice
varieties increased and decreased, respectively.
There was no very definite relationship between Cd
content in paddy soils and in rice grown in them;
however, there was a trend showing that with higher
Cd content in paddy soils there was a higher Cd content in rice, and a greater possibility of exceeding the
Cd standard in rice.
The proportions of paddy soils that exceeded
WKH&GVWDQGDUGE\PXOWLSOHV LH; ;;
;;DQG;FRPSDUHGWRWKH
total paddy soils exceeding the Cd standard in which
the rice Cd content was within the standard were
32.9%, 21.5%, 31.0%, 11.4% and3.2%, respectively.
With increasing X-values in paddy soils from X < 1
WR;DQGWR; the proportions of rice
varieties with Cd content within the standard decreased by 38.4% and 90.0%, respectively; proportion of rice varieties that exceeded the Cd standard
by multiples of less than one(i.e. Y< 1) compared to
the total rice varieties increased by 187.9 and 70.0%,
and for greater than or equal to one (Y ı 1) increased by 4.7% and 345.5%, respectively. Under
the condition that paddy soils exceeded the Cd standard by multiples X <1, ;, ; (i.e. Cd

content in paddy soils was <1.80 mg/kg), there is a
greater possibility of remitting Cd exceeding standard in rice by replacing the rice varieties.
KEYWORDS:
cadmium; paddy soil; rice; varieties

INTRODUCTION
As a result of industry and township enterprises
µWKUHHZDVWHV¶ ZDVWHJDVZDVWHZDWHUDQGZDVWHUHV
idues), city living and transportation, agricultural inputs and other various factors, the heavy metal element cadmium (Cd) enters cultivated land, migrates
to crops and agricultural products, and enters the
food chain. Cd has a harmful effect on human health
because of its extremely high physiological toxicity
[1±5]. Rice is relatively easy to enrich with Cd.
About 278,600 ha of farmland is contaminated by Cd
and annually about 1.46 billion kg of agricultural
products with Cd greatly exceeding standards are
produced [6]. In 2002 and 2003, the Rice Product
Quality Supervision and Inspection Center of the
Ministry of Agriculture of the People's Republic of
China performed a rice quality and safety survey in
China. The results indicated that Cd in rice exceeding standards had become a serious problem. The
limit standard of Cd in rice is 0.2 mg/kg, as set by
China (GB15201294), however, more than 10% of
samples in this survey exceeded this limit standard.
And in some Cd-polluted areas, Cd content in rice
reached 0.4 ±1.0 mg/kg, which far exceeded the
maximum limit [7]. Cd is a threat to human health
and recently the µFDGPLXP ULFH¶ LQFLGHQW DURXVHG
high concern about Cd-contaminated rice. Rice is the
staple food for more than 60% of the population of
China, the country with the largest production and
consumption of rice. In 2000, the rice cultivated area
in China was 1.56 × 108 ha, accounting for about
20% of the national sown area of crops. The proportion of rice cultivated area is greater in southern
China and is more than 90% in some regions [8]. Previous studies indicated that soil acidification could
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enhance activity of Cd, promote Cd to migrate to agricultural products and increase the risk of Cd to human health [9±11].Acid paddy soils are widely distributed in the main rice-producing areas in the south
of China, and special attention should be paid to safe
production of rice in acid paddy soils.
Physical removal, chemical passivation, hyperaccumulator plant extracts, microorganism immobilization, agronomic regulation and other various
treatment methods for Cd-contaminated paddy fields
have been proposed by the scientific community to
make rice production safe. These measures attempt
to remove Cd from the soil, or prevent and control
Cd in soil migrating to rice; however, these measures
are time-consuming and unstable and may affect
normal rice production [12]. Different plant species
have different Cd absorption and enrichment capacity, and different varieties belonging to the same species also have different Cd absorption and enrichment capacity [13]. Due to genetic differences, rice
varieties have significant differences in their absorption of Cd[8, 14]. Planting rice with low Cd accumulation can compensate for some of the disadvantages
of the other Cd control measures, and is also a good
method to control Cd pollution of rice. In this study,
the relationship between Cd content in acid paddy
soils and that in different rice varieties was investigated by collecting data of Cd content in acid paddy
soils and in different rice varieties. This study attempts to explore the relationship between Cd content in acid paddy soil and in rice with different varieties, study results will be good for knowing the Cd
threshold value in acid paddy soils to avoid Cd contamination of rice; Which will provide a scientific
basis for establishing a safety warning system in
rice-producing areas and determining the Cd pollution level of paddy soils, at that Cd pollution level
replacement of rice varieties can ensure safe production of rice.

MATERIALS AND METHODS
Data source. Data were extracted from 64 literatures published in the last 20 years. There were
445 groups of data, including experimental sites,
soil pH, Cd content in soils, planted rice varieties
and Cd content in rice. Experimental sites were located in 12 provinces (cities), containing Beijing,
Liaoning, Jiangsu, Jiangxi, Hunan, Zhejiang, Fujian, Guangdong, Guangxi, Sichuan, Yunnan and
Hainan. All soil pH were lower than 6.5.
Data processing. The standard for Cd content
in soil according to µ(QYLURQPHQWDOTXDOLW\VWDQGDUG
for soil (GB15618-1995)¶6HFRQG*UDGH6WDQGDUG is
0.3 mg/kg for pH < 6.5. According to Chinese NaWLRQDO6WDQGDUGµ/LPLWYDOXHRIFRQWDPLQDQWVLQIRRG
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(GB2762- ¶WKH&GFRQWHQWLQULFHVKRXOGEH
0.2 mg/kg. Statistical analysis was performed using
SPSS 17.0, and then data were mapped using Origin
7.5 software.

RESULTSAND ANALYSIS
Relationship between Cd content exceeding
the national standard in paddy soils and that in
rice. There were 445 groups of data (Table 1), and
there were 344 paddy soils in which with Cd content
exceeding the standard. There were 177 experimental rice samples with Cd exceeding the standard
and the 173 corresponding paddy soils with Cd exceeding the standard. The ratio of numbers of rice
samples with Cd exceeding the standard to numbers
of paddy soils exceeding the standard was 51.45%.
The Cd contents in 49.71% of the 344 paddy soils
exceeded the standard, but rice grown in such soils
was within the standard. Among the 177 rice samples exceeding the standard, 4 samples were produced in paddy soils with Cd content within the
standard.
There were 101 paddy soils with Cd content
within the standard, while rice with Cd content exceeding the standard was grown in 4 of these paddy
soils (3.96% of these paddy soils).
There were 76 groups of data for which the Cd
content in paddy soils exceeded standard by multiple
less than one (i.e. X < 1, X: multiple of paddy soil
Cd content exceeding standard). Among them, there
were 21 rice samples with Cd content exceeding the
standard, and so in 72.37% of these paddy soils rice
was produced within the standard.
There were 90 groups of data for which the Cd
contents in paddy soils exceeded standard by multiple greater than or equal to one, and less than three
LH   ;  ). In these soils, there were 48 rice
samples with Cd content exceeding the standard, and
so 46.67% of these paddy soils with Cd content exceeding the standard produced rice within the standard.
There were 63 groups of data for which Cd content in paddy soils exceeded standard by multiple
greater than or equal to three and less than five (i.e.
; . In these paddy soils, there were 13 rice
samples with Cd content exceeding the standard,
meaning that 79.37% of these soils produced rice
within the standard.
There were 44 paddy soils samples with Cd
content exceeding standard by multiple greater than
or equal to five and less than ten LH; 
There were 25 rice samples with Cd content exceeding the standard in these soils, and so 43.18% of
these paddy soils produced rice within the standard.
There were 71 paddy soils samples with Cd
content exceeding standard by multiple greater than
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TABLE 1
The number and proportion of rice samples with Cd exceeding standard under different situations
of paddy soil Cd content exceeding standard
Exceeding
Cd standard multiples in
paddy
soils (X)
Within
standard
X<1
;
3 ;
;
;
Total data

Total
amount of
data

Total number
of paddy soil
samples with
Cd exceeding
standard

Number of rice
samples with
Cd exceeding
standard

Proportion of paddy
soils with Cd exceeding standard where
rice Cd content
within standard was
produced (%)

Number of paddy
soils with Cd exceeding standard
where rice with Cd
exceeding standard
was produced

101

0

4

0

0

76
90
63
44
71
445

76
90
63
44
71
344

21
48
13
25
66
177

72.37
46.67
79.37
43.18
7.04
49.71

21
48
13
25
66
173

X: multiple of paddy soil Cd content exceeding standard

TABLE 2
Relationship between Cd content in paddy soils and that in rice
Exceeding Cd standard multiples in paddy soils(X)

Total number of paddy soils with
Cd exceeding standard

Correlation coefficient

P-values

Within standard
X<1
;
;
;
;
Total data

101
76
90
63
44
71
445

-0.244*
0.361**
0.167
-0.362**
0.149
0.612**
0.549**

0.015
0.001
0.116
0.004
0.335
0.000
0.000

³*´means significant correlationat the P=0.05 level; ³**´ means significant correlationat the P=0.01 level.

10 (i.e. ;).In these paddy soils, there were 66
rice samples with Cd content exceeding the standard,
and so 7.04% of these paddy soils produced rice
within the standard (Table 1).
Relationship between Cd content in paddy
soils and that in rice. For situations that Cd content
in paddy soils was within the standard, and that Cd
contents in paddy soils ZHUH; 5, Cd content
in paddy soils was negatively correlated with Cd
content in rice (Table 2). In all the data or under the
situations that Cd contents in paddy soils were X < 1
DQG ;   &G FRQWHQW LQ SDGG\ VRLO ZDV significantly positively correlated with Cd content in rice.
In situations that Cd contents in paddy soils were 1
;DQG;WKHUHODWLRQVKLSEHWZHHQ&G
content in paddy soils and that in rice were positively
correlated but not significantly.
Numbers of rice varieties exceeding Cd
standard in paddy soils with different Cd contents. In the total 445 groups of data, there were 344
paddy soils with Cd content exceeding the standard.
There correspondingly were 329 rice varieties grown
in the 344 paddy soils, and Cd content in 167 rice
varieties exceeded the standard. Although grown in
paddy soils with Cd content exceeding the standard,
49.24% of the 329 rice varieties were within the
standard.

There were 101 paddy soils with Cd content
within the standard and 97 rice varieties were grown
in these soils, of which 4 varieties (4.12% of the97
varieties) had Cd content exceeding the standard.
There were 76 paddy soils with Cd content of
X < 1 and 70 rice varieties were grown in these soils,
of which 20 varieties (28.57% of the 70 varieties)
had Cd content exceeding the standard.
There were 90 paddy soils with Cd contents of
;. Correspondingly, 85 rice varieties were
grown in these soils and 48 of the 85 varieties (56.47%
of the 85 varieties) had Cd content exceeding the
standard.
There were 63 paddy soils with Cd contents of
;There were 61 rice varieties grown in these
63 soils and 12 varieties (19.67% of the 61 varieties)
had Cd content exceeding the standard.
There were 44 samples of paddy soils with Cd
FRQWHQWVRI X < 10; and 37 rice varieties were
grown in these soils, in 21 varieties Cd content exceeded the standard. Thus 56.76% of the 37 varieties
exceeded the standard.
There were 71 paddy soils with Cd contents of
;There were 71rice varieties grown in these
soils and 66 varieties (92.96% of the 71 varieties)
had Cd content exceeding the standard (Table 3).
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TABLE 3
Numbers of rice varieties exceeding the Cd standard in paddy soils with different Cd contents
Proportion of rice
Number of rice vaTotal number of
varieties with Cd
Exceeding Cd
rieties with Cd expaddy soils with Total number of
within standard of
standard multiples
ceeding standard
Cd exceeding
rice varieties
total varieties
in paddy soils(X)
standard
(%)
Within standard
0
97
4
95.88
X<1
76
70
20
71.43
;
90
85
48
43.53
;
63
61
12
80.33
;
44
37
21
43.24
;
71
71
66
7.04
Total of paddy
soils with Cd ex- 344
329
167
49.24
ceeding standard
Proportions of rice varieties exceeding Cd
standards to the number of total varieties. Overall,
with the increase of multiples exceeding the Cd
standard in paddy soils(i.e. X-values), the number of
rice varieties with Cd content within the standard and
the proportion of those to total varieties decreased
gradually(Figure 1). For paddy soils within the
standard and ;;;;
and ;  , the numbers of rice varieties with Cd
content within the standard correspondingly were 92,
50, 38, 50, 16 and 5, correspondingly, the percentage
of these varieties were 95.83%, 70.42%, 44.19%,
79.37%, 43.24% and 7.04%.
With the increase of X-values in paddy soils,
the number of rice varieties with Cd content exceeding standard by multiple less than one (i.e. Y< 1, Y:
multiple of exceeding standard in rice) increased
gradually, and the proportions of these varieties to
the total varieties also increased gradually. For
paddy soils with Cd within the standard and X < 1, 1
; ; ; and ;, the numbers of rice varieties with Y< 1 correspondingly were
4, 10, 14, 11, 15 and 17, giving proportions of 4.17%,
14.08%, 16.28%, 17.46%, 40.54% and 23.94%, respectively.
When rice samples exceeded the Cd standard
by multiples greater than or equal to one (i.e. Y 1),
the number of rice varieties and their proportion to
total varieties increased gradually with increasing Xvalues in paddy soils except from ; to ;
< 10. For paddy soils with Cd contents within the
standard and X < 1, ; 3 ; ;
and ;  , the numbers of rice varieties with Cd
content of Y 1 correspondingly were 0, 11, 34, 2,
6, 49 and 101, giving proportions of 0, 15.49%,
39.53%, 3.17%, 16.22% and 69.01%, respectively.
When Cd content in paddy soils was within the
standard, only 4 rice varieties had Cd content exceeding the standard and all rice varieties were Y<1.
4.17% of all rice varieties grown in paddy soils with
Cd content within the standard had Cd content exceeding the standard.
For paddy soils with Cd contents of X <1, there

were 50 rice varieties with Cd content within the
standard, 10 varieties with Cd contents of Y<1 and
11 varieties with Y 1; the proportions to total varieties correspondingly were 70.42%, 14.08% and
15.49%.
For paddy soils with &GFRQWHQWVRI;,
there were 38 rice varieties with Cd content within
the standard, 14 varieties with Cd contents of Y<1
and 34 varieties with Y 1; the proportions of total
varieties correspondingly were 44.19%, 16.28% and
39.53%.
For paddy soils ZLWK&GFRQWHQWVRI;,
there were 50 rice varieties with Cd content within
the standard, 11 varieties with Cd contents of Y<1
and 2 varieties with Y 1; the proportions of total
varieties correspondingly were 79.37%, 17.46% and
3.17%.
For paddy soils ZLWK&GFRQWHQWVRI;,
there were 16 rice varieties with Cd content within
the standard, 15 varieties with Cd contents of Y<1
and 6 varieties with Y 1; the proportions to total
varieties correspondingly were 43.24%, 40.54% and
16.22%.
For paddy soils ZLWK &G FRQWHQWV RI ;  ,
there were 5 rice varieties with Cd content within the
standard, 17 varieties with Cd contents of Y<1 and
49 varieties with Y 1; the proportions to total varieties correspondingly were 7.04%, 23.94% and
69.01%.

DISCUSSION
Zhao suggested that the correlation between
heavy metal content in rice and that in paddy soils
was weak or not significant [15]. Peng et al. found
that a certain amount of rice grown in paddy soils
with Cd content within the standard were still polluted by Cd, but there was a significant positive correlation between Cd content in paddy soils and that
in rice[16]. That is consistent with results of this
study.
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FIGURE 1
The numbers and proportions of rice varieties
with different multiples of exceeding Cd standard in paddy soils with different Cd contents

The relationships between Cd contents in
paddy soils and those in rice were not definite. Generally speaking, with the Cd content in paddy soil increasing, Cd content in rice increased, and the possibility of Cd exceeding the standard in rice also increased. There were two interesting situations. One
was that Cd content in paddy soils exceeded the
standard but Cd content in rice grown in these soils
did not; the other was that Cd content in paddy soils
did not exceed standard but Cd content in rice in the
soils did. In 49.71% of 344 paddy soils with Cd exceeding the standard, the Cd content in rice was
within the standard. In 3.96% of 101 paddy soils with
Cd content within the standard, Cd content in rice
exceeded the standard, which might have resulted
from two main reasons. One reason was the large
amount of exogenous Cd brought in by sewage irrigation, fertilizer input, atmospheric deposition and
other external factors during the rice growth period;
the other reason was the rice varieties were more easily enriched with Cd than the common varieties [17±
19].
7KH&GFRQWHQWVLQULFHDQGLQSDGG\VRLOVZHUH
SRVLWLYHO\FRUUHODWHGH[FHSWLQSDGG\VRLOVZLWK&G
FRQWHQWRI;7KHSURSRUWLRQRISDGG\VRLOV
ZLWK &G FRQWHQW H[FHHGLQJ WKH VWDQGDUG DQG ZKHUH
ULFHRI&GFRQWHQWZLWKLQWKHVWDQGDUGZDVFXOWLYDWHG
GHFUHDVHGZLWKLQFUHDVHVLQ;YDOXHVLQSDGG\VRLOV
7KDWWKH&GFRQWHQWLQSDGG\VRLOVZLWKLQWKHVWDQG
DUGDQGWKDWRI;ZDVDQH[FHSWLRQPLJKWEH
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EHFDXVHWKHJURZWKRIVRPHULFHYDULHWLHVZDVLQKLE
LWHGZKHQ&GFRQWHQWLQSDGG\VRLOVZDVKLJKWKXV
KHDY\ PHWDO DEVRUSWLRQ FDSDFLW\ GHFUHDVHG ZKLFK
OHGWR&GFRQWHQWLQJUDLQGHFUHDVLQJ>@
With increasing X-values in paddy soils, the
proportion of rice varieties within the standard compared to the total varieties decreased, while the proportion of varieties exceeding the standard increased. In paddy soils with Cd content within the
standard, the proportion of rice varieties within the
Cd standard was 95.88%. In paddy soils with Cd
FRQWHQWVRI;, the proportion of rice varieties
with Cd within the standard was only 7.04%.
When X-values in paddy soils increased from
X < 1 to X 5, the proportion of rice varieties within
the Cd standard compared to the total decreased from
70.42% to 43.24%, the proportion of varieties with
Y < 1 increased from 14.08% to 40.54% and the proportion with Y 1 increased from 15.49%to 16.22%.
When X-values in paddy soils increased from
X < 1 to ;   the proportion of rice varieties
within the Cd standard compared to the total decreased from 70.42% to 7.04%, the proportion of varieties with Y < 1 increased from 14.08% to 23.94%
and the proportion of varieties with Y 1 increased
from 15.49% to 69.01%.
The proportions of paddy soils with Cd contents of X < 1, ;, ;, ;DQG
;FRPSDUHGto the total paddy soils exceeding
the Cd standard, in which the Cd content in rice was
within the standard, were 32.92%, 21.52%, 31.01%,
11.39% and 3.16%, respectively. As X-values in
paddy soils increased IURP;WR;5, the proportion of rice varieties with Cd content within the
standard compared to the total varieties decreased by
38.40%, the proportion of varieties with Y<1 increased by 187.92% and the proportion of varieties
with Y  increased by 4.71%.
As X-values in paddy soils increased from X <
WR;10, the proportion of rice varieties with Cd
content within the standard compared to the total varieties decreased by 90%, the proportion of varieties
with Y<1 increased by 70.02% and the proportion of
varieties with Y  increased by 345.51%.
The above data show that replacing the rice varieties is likely to reduce the Cd exceeding the standard in rice in paddy soils that exceed the Cd standard
by multiples X <1, ;DQG; (i.e. the
Cd content in paddy soils is <1.80 mg/kg). If this Cd
level in paddy soils is exceeded then it will be more
difficult to find suitable rice varieties to ensure Cd
content in rice is within the standard.
The Cd concentration of 1.80 mg/kg is much
greater than the 0.27 mg/kg calculated by Peng et al.
as the Cd safety threshold for paddy soils, but is close
to the Cd safety threshold for paddy soils derived
from other studies. According to the relationship between Cd content in paddy soil and that in rice, Fan
calculated the Cd safety thresholds for paddy soils to

6009

© by PSP

Volume 25 ± No. 12a/2016, pages 6005-6011

be0.74 and 1.63 mg/kg for soil pH =5.94and 7.5, respectively [3]. Using the prediction model of Cd
content in rice established by Li et al., Cd safety
thresholds for paddy soil were derived, being 0.79
and 1.49 mg/kg for soils pH =6and 7,respectively
[21].

CONCLUSION
According to the analysis from three aspects:
concerning the relationship between Cd content exceeding the standard in paddy soils and that in rice
cultivated in these soils; the relationship of Cd contents in paddy soils and that in rice cultivated in the
soils; situations of rice varieties with Cd content exceeding the standard which were grown in paddy
soils with different exceeding Cd standard multiples,
the trend of relationship between Cd content in
paddy soils and that in rice was summarized. That is
the higher the Cd content in paddy soils, the higher
the Cd content in rice and the greater the possibility
of Cd content exceeding the standard in rice.
There were three main findings: (i) the proportions of paddy soils with Cd content exceeding
standard by multiples X <1, ;, ;, 5
;DQG;to the total paddy soils exceeding the Cd standard in which the Cd content in rice
was within the standard were 32.92%, 21.52%,
31.01%, 11.39% and 3.16%ˈthe significant turning
point of the proportion appeared as X=5 (i.e. the Cd
content in paddy soils is 1.80 mg/kg);(ii) with Cd
content in paddy soils increasing from ;WR
X < 10 or ;the proportion of rice varieties with
Cd content within the standard to the total decreased
dramatically; and (iii) with Cd content in paddy soils
increasing from ;WR;or ;the
proportion of rice varieties with Cd content exceeding the standard increased dramatically. We inferred
from these three points that there is a greater possibility of Cd content being within the standard in rice
by replacing the rice varieties on the condition that
X <1, ;, ; (i.e. the Cd content in
paddy soils is<1.80 mg/kg).

ACKNOWLEDGEMENTS
This study was supported by the Innovation
Project of the Chinese Academy of Agricultural
Sciences (grant no. 2016-cxgc-lyj); Technology
Project of Industry (Agriculture) (grant no.
201403014) and the National Natural Science
Foundation of China (grant no. 41501102).
The authors have declared no conflict of interest.

Fresenius Environmental Bulletin

REFERENCES
[1] Buchauer M.J. (1973).Contamination of soil
and vegetation near a zinc smelter by zinc, cadmium, copper and lead. Environmental Science
& Technology, 7(2):131-135.
[2] Alloway B.J. and Steinnes E. (1999). Anthropogenic additions of cadmium to soils. M Claughlin M J, Singh B R. Cadmium in soils and plants.
Dordrecht: Kluwer Academic Publishers,
pp.97-123.
[3] Fan Z.L., Ji H., Yang F., Wu Q. and Zhang W.J.
(2010).Accumulation characteristics of cadmium and lead in aboveground organs of Indica
Hybrid Rice as affected by different soil types.
Chinese Journal of Rice Science, 24(2): 183188.
[4] Liu H. L., Li Y.H., Li L.Q., Jin L. and Pan G.X.
(2006).Pollution and risk evaluation of heavy
metals in soil and agro-products from an area in
the Tai-hu Lake region. Journal of Safety and
Environment, 6(5):60-63.
[5] Shi Q.Y., Wang J.R., Zou J.H., Jiang Z., Wang
J.Y., Wu H.F., Jiang W.S. and Liu D.H.(2015).
Cadmium uptake and accumulation and its toxic
effects on leaves in Hordeum Valgare. Fresen.
Environ. Bullet., 24(12a):4504-4511.
[6] Cao R.L., Jia X.K. and Zhang J.S. (1999). Study
on cadmium pollution prevention and control of
Paddy soil. Science and Technology of Tianjin
Agriculture and Forestry, 12(6):12-17.
[7] Yang C.G., Liao X.Y., Zhang X.F., Zhu Z.W.,
Chen M.X., Wang D.Y., Mou R.X., Chen W.F.
and Zhou S.Q.(2006). Genotypic Difference in
Cadmium Accumulation in Brown Rice. Chinese Journal of Rice Science, 20(6): 660-662.
[8] Yin J.F., Li H.X., Lu W.S., Xie S.S., Luo H.X.
and Huang X.Y. (2010). Variations of Cd, Cu,
Zn Accumulation among rice cultivars. Journal
of Agro-Environment Science, 29(5):844-850.
[9] Cance B.M., Ponthicu M., Castrce-Rouclle M.,
Aubry E., and Benedetti M.F. (2003). Metal
ions speciation in a soil and its solution: Experimental data and model results. Geoderma,
113:341-355.
[10] Caussy D., Gochfeld M., Gurzau E., Neagu C.
and Ruedel H. (2003).Lessons from case studies
of metals: Investigating exposure, bioavailability, and risk. Ecotoxicology and Environmental
Safety, 56(1):45-51.
[11] Rao Z.X., Zhu Q.H., Huang D.Y., Liu S.L., Cao
X.L., Ren X.F., Wang S. and Wang J.Y.(2013).
Effect of sepiolite on Cd and Pb leaching in contaminated red soil under simulated acid rain.
Journal of Soil and Water Conservation,
27(3):23-27.
[12] Zhang L.Y. (2009). Analysis of heavy metal
pollution in paddy soil, cadmium health risk of
rice and experiment of alleviation. Nanjing Agricultural University, Jiangsu, Nanjing.
6010

© by PSP

Volume 25 ± No. 12a/2016, pages 6005-6011

[13] Gücel S., Öztürk M., Yücel E., Kadis C. and
Güvensen A. (2009).Studies on trace metals in
soils and plants growing in the vicinity of copper mining area - Lefke, Cyprus. Fresen. Environ. Bull. , 18(3):360-368.
[14] Ye X.X. and Sun B. (2012).Reviews on the Effects of rice cultivars and soil types on Cd absorption and prediction model for Cd bioavailability. Soils, 44 (3): 360-365.
[15] Peng H, Dai J.P., Ji X.H., Liu S.B. and Huang
Y.K. (2013). Correlation between cadmium
content in paddy soil and in Rice. Hunan Agricultural Sciences, (07):68-72.
[16] Zhao K.L. (2010). Spatial relationships of heavy
metals in soil-rice system and the quantitative
model. Zhejiang University, Zhejiang, Hangzhou.
[17] Jiang B. and Zhang H.P. (2002). Genotypic differences in concentrations of plumbum, cadmium and arsenicum in polished rice grains.
Journal of Yunnan Normal University,
22(30):37-40.
[18] Song A.L., Lou Y.S., and Liang Y.C. (2006).
Research on copper and cadmium uptake and
tolerance in different rice varieties. Chinese Agricultural Science Bulletin 22(9):408-411.
[19] Gong W.Q., Li L.Q. and Pan G.X. (2006). Cd
Uptake and accumulation in grains by hybrid
rice in two paddy soils: interactive effect of soil
type and cultivars. Environment Science,
27(8):1647-1653.
[20] Yang C.G., Zhu Z.W., Zhang X.F., Mou R.X.,
Chen M.X., Wang D.Y., Liao X.Y., Chen W.F.
and Zhou S.Q.(2005). Relation of cadmium effect on growth and mineral concentration of rice
plant. Chinese Agricultural Science Bulletin,
21(11):176-192.
[21] Li Z.B., Luo Y.M., Song J., Wu L.H. and Zhao
Q G. (2008). Critical values for Cd in paddy
field based on Cd risk of rice consumption: a
case study. Acta Pedologica Sinica, 45(1):7681.

Fresenius Environmental Bulletin

Received:
Accepted:

21.03.2016
26.10.2016

CORRESPONDING AUTHOR
Yi An
Agro-Environmental Protection Institute, Ministry
of Agriculture, Fukang Road 31, 300191 Tianjin,
P.R. CHINA
e-mail: huoliliforgood@163.com

6011

Volume 25 ± No. 12a/2016, pages 6012-6019

© by PSP

Fresenius Environmental Bulletin

IMMOBILIZATION OF CHROMIUM USING LOW-CALCIUM
)/<$6+:,7+7+(³$'62537,21-ABRUPTION-&85,1*´
METHOD
Jinming Liu*, Zhongwen Ou, Jinchuan Mo, Hao Wu, Yalu Zhao
'HSDUWPHQWRI&KHPLFDODQG0DWHULDO(QJLQHHULQJ/RJLVWLFV(QJLQHHULQJ8QLYHUVLW\&KRQJTLQJ&KLQD

LQ ZDVWHZDWHU PXVW EH FRQWUROOHG DQG UHGXFHG WR VHW
YDOXHV &KURPLXP LV ZLGHO\ XVHG LQ WKH FKHPLFDO
LQGXVWULHVZKLFKH[LVWVLQDYDULHW\RIIRUPVVXFKDV
FKORULGH FKURPDWH DQG VR RQ > @ :DVWHZDWHU
FRQWDLQLQJ&KURPLXPLVJHQHUDWHGE\PDQ\LQGXVWULDO
SURFHVVHV VXFK DV RUH SURFHVVLQJ HOHFWURSODWLQJ
SLJPHQW SURGXFWLRQ DQG OHDWKHUWDQQLQJ SURFHVVHV
&KURPLXP ZDV QRW SURSHUO\ GLVFKDUJHG LQWR WKH
HQYLURQPHQW LQ WKH SDVW GHFDGHV UHVXOWLQJ LQ
PDJQDQLPRXVSROOXWDQWVZKLFKWKUHDWHQHGWKHKXPDQ
KHDOWK>@
6WDELOL]DWLRQLQQR[LRXV GLVSRVDO RI KHDY\ PHWDO
LRQVZDVUHJDUGHGDVDPHDQLQJIXOPHWKRGWRLPSURYH
WKH HFRORJLFDO HQYLURQPHQW >@ 7KH PRVW FRPPRQ
PHWKRGV RI KDUPOHVVO\ GLVSRVLQJ RI KHDY\ PHWDO
ZDVWHVLQFOXGHFKHPLFDOSUHFLSLWDWLRQDGVRUSWLRQDQG
GLUHFW VROLGLILFDWLRQ &KHPLFDO SUHFLSLWDWLRQ UHTXLUHV
VHFRQGDU\KDQGOLQJEHFDXVHVRPHRIWKHKHDY\PHWDO
K\GUR[LGHVJHQHUDWHGIURPFKHPLFDOSUHFLSLWDWLRQDUH
VROXEOH$GVRUSWLRQ GLVSRVDOV DOVR UHTXLUH VHFRQGDU\
KDQGOLQJ EHFDXVH WKH ZDVWHV JHQHUDWHG IURP
DGVRUSWLRQGLVSRVDODUHWR[LF,QGLUHFWVROLGLILFDWLRQD
JUHDWTXDQWLW\RIVROLGLILHGERGLHVZLOOEHJHQHUDWHGE\
FXULQJ ORZ FRQFHQWUDWLRQ KLJK TXDQWLW\ ZDVWHZDWHU
EHFDXVH WKH YROXPH RI WKH VROLGLILHG ERG\ GLUHFWO\
H[SDQGVGXHWRWKHTXDQWLW\RIWKHZDVWHOLTXRU
7KH³$GVRUSWLRQ$EUXSWLRQ&XULQJ´PHWKRGKDV
EHHQ XVHG IRU ZDVWH OLTXRU WUHDWPHQW WR DYRLG WKHVH
SUREOHPV RI FKHPLFDO SUHFLSLWDWLRQ DGVRUSWLRQ DQG
GLUHFW VROLGLILFDWLRQ )LUVWO\ WKHUH LV QR QHHG WR
VHFRQGDULO\KDQGOHDIWHUWKHPHWKRGEHFDXVHWKHUHDUH
FKHPLFDOSUHFLSLWDWLRQDGVRUSWLRQDQGVROLGLILFDWLRQLQ
WKHSURFHVV6HFRQGO\WKHPHWKRGUHGXFHVWKHYROXPH
RIWKHFXUHGERGLHVLQVWHDGRIGLUHFWVROLGLILFDWLRQ7KH
KHDY\PHWDOLRQVDUHUHPRYHGIURPWKHZDVWHZDWHUWR
WKHDGVRUEHQWXQWLOWKHZDWHUPHHWVWKHVWDQGDUGGXULQJ
DGVRUSWLRQ WKHQ WKH SURGXFHG ZDVWHZDWHU DIWHU
DGVRUSWLRQ  FRXOG EH GLUHFWO\ GLVFKDUJHG GXULQJ
DEUXSWLRQ DQG ILQDOO\ LW LV RQO\ WR VROLGLI\ WKH
DGVRUEHQWZLWKKHDY\PHWDOGXULQJFXULQJ7KHYROXPH
RI WKH FXUHG ERGLHV H[SDQGV GXH WR WKH TXDQWLW\ RI
KHDY\PHWDOLRQVQRWWKHZDVWHOLTXRU$QGWKHPHWKRG
FDQDOVREH DSSOLHGWRD YDULHW\RIKHDY\ PHWDO LRQV
UDGLRDFWLYHZDVWHDQGRUJDQLFZDVWH)XUWKHUPRUHWKLV
PHWKRGLVH[FHOOHQWDWUHGXFLQJWKHWR[LFLW\RIZDVWH
EHFDXVH RI WKH LQWHUDFWLRQV RI FKHPLFDO SUHFLSLWDWLRQ
DGVRUSWLRQDQGVROLGLILFDWLRQ
,QWKLVSDSHU]HROLWHZDVXVHGDV WKHDGVRUEHQW
IO\DVK ZDV XVHG DVWKH PDLQFXUDEOH PDWHULDO>@

ABSTRACT
7KH ³$GVRUSWLRQ$EUXSWLRQ&XULQJ´ PHWKRG LQ
ZKLFK WKH ZDVWHZDWHU LV ILUVW DGVRUEHG WKHQ VROLG
OLTXLG VHSDUDWHG DQG ODVWO\ HPEHGGHG ZDV XVHG WR
LQFUHDVH WKH FXULQJ HIIHFW DQG UHGXFH WKH YROXPH RI
FXULQJ /HDFKLQJ ZDV LQYHVWLJDWHG E\ ,QGXFWLYHO\
&RXSOHG 3ODVPD 2SWLFDO (PLVVLRQ 6SHFWURPHWHU DQG
WKHLPPRELOL]DWLRQPHFKDQLVPZDVDQDO\]HGE\;UD\
GLIIUDFWLRQDQG)RXULHUWUDQVIRUPLQIUDUHGVSHFWURVFRS\
7KH FRPSUHVVLYH VWUHQJWK RI WKH VROLGLILHG ERG\ ZDV
WKHKLJKHVWDQGWKHOHDFKLQJFRQFHQWUDWLRQZDVORZHU
WKDQ  SSP ZKHQ WKH DONDOL FRQFHQWUDWLRQ ZDV
PRO/ 7KH VWUHQJWK ZHDNHQHG DQG WKH OHDFKLQJ
FRQFHQWUDWLRQJUDGXDOO\LQFUHDVHGZKHQWKHSURSRUWLRQ
RI ]HROLWH LQFUHDVHG 7KH FRPSUHVVLYH VWUHQJWK DQG
OHDFKLQJ UHVLVWDQFH LPSURYHG DIWHU UHVLQ IRDPLQJ
DJHQW DOXPLQXP VWHDUDWH DQG FDOFLXP VWHDUDWH ZHUH
DGGHG LQWR WKH FHPHQWLWLRXV V\VWHP VLQFH WKHVH
DGGLWLYHVILOOHGWKHFDSLOODU\SLSHVDQGSRURVLWLHVRIWKH
VROLGLILHG ERG\ E\ PHFKDQLFDO EDUUDJH DQG FKHPLFDO
UHDFWLRQV7KHYLEUDWLRQIUHTXHQFLHVRI6L2DQG$O2
ERQGV FKDQJHG ZLWK WKH DGGLWLRQ RI &U DQG WKH
LQWHQVLW\RIWKHPDLQSHDNLQWKH)7,5VSHFWUXPVKLIWHG
WR D ORZHU ZDYHOHQJWK UHJLRQ ,W ZDV DOVR FRQILUPHG
WKDW&UZDVHDVLO\LQFRUSRUDWHGLQWRWKHJHRSRO\PHU
SDVWH DQG SRO\PHUL]HG ZLWK VLOLFDWH XQLWV 7KHUHIRUH
&UZDVLPPRELOL]HGERWKSK\VLFDOO\DQGFKHPLFDOO\
.(<:25'6
$GVRUSWLRQ$EUXSWLRQ&XULQJ &U ORZFDOFLXP IO\ DVK
JHRSRO\PHU

INTRODUCTION
/DUJH TXDQWLWLHV RI KHDY\ PHWDO ZDVWHV DUH
JHQHUDWHGIURPLQGXVWULDODFWLYLWLHVZKLFKZHUHLQWKH
SURGXFWLRQRIPDWHULDOVDQGFKHPLFDOV>@0RVWRIWKH
ZDVWHV DUH WR[LF DQG WKH KHDY\ PHWDO LRQV LQ WKHP
FRXOG GULIW LQWR WKH HQYLURQPHQW WKURXJK D YDULHW\ RI
ZD\V VXFK DV UDLQ ZDVKLQJ GHJUDGDWLRQ HWF7KHVH
WR[LFPHWDOVXOWLPDWHO\UHDFKDQGDFFXPXODWHLQDQLPDO
DQGKXPDQWLVVXHV:KHQWKHFRQFHQWUDWLRQVRIKHDY\
PHWDOV LQ ZDVWHV H[FHHG WKH DFFHSWDQFH OLPLW RI WKH
HQYLURQPHQWWKHVXUYLYDOHQYLURQPHQWRIKXPDQ DQG
DQLPDOVZLOOIDFHDKXJHWKUHDW>@$FFRUGLQJWRZDWHU
VWDQGDUGVXVHGLQPDQ\FRXQWULHVWKHKHDY\PHWDOLRQV
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FRQVWDQWORDGSUHVVXUH

DQGWKHKDUGHQLQJERG\ZDVDONDOLDFWLYDWHGDQGKHDW
FDWDO\]HG=HROLWHFDQEHXVHGWRDGVRUEKHDY\PHWDO
LRQV >@ GXH WR LWV SRURXV VWUXFWXUH DQG FDQ DOVR EH
XVHG WR SK\VLFDOO\ VROLGLI\ ZDVWH IURP LWV
DOXPLQRVLOLFDWHFRPSRVLWLRQ7KHDONDOLQHVROXWLRQZDV
XVHGWRK\GUDWHWKHFHPHQWLWLRXVPDWHULDOVWRDFWLYDWH
WKH JHRSRO\PHU DQG VHOHFWO\ SUHFLSLWDWH &U
8WLOL]DWLRQ RI WKH PDWHULDOV ZDV HQKDQFHG VLQFH WKH
PDWHULDOV KDG PXOWLSOH SXUSRVHV 'XH WR WKH YDULRXV
PHDQV WKDW ZHUH XVHG WR VXSSUHVV &U OHDFKLQJ WKH
OHDFKLQJUHVLVWDQFHRI WKHFXUHGERG\LPSURYHG>@
7KHSRUHVDQGFDSLOODULHVRIWKHFXUHGERG\ZHUHILOOHG
ZLWK RUJDQLFV WR REVWUXFW WKH GLVVROXWLRQ SDWKV LQ WKH
VDPHIDVKLRQDVUHVLQVDQGGHIRDPHUV2UJDQLFVZHUH
XVHGEHFDXVHRIWKHLUIDYRUDEOHPRELOLW\6WHDUDWHZDV
DGGHG GXULQJ WKH FXULQJ SURFHVV WR LQWHQVLI\ WKH
LPPRELOL]DWLRQ HIIHFW ZKLFK ZDV WKH PHFKDQLVP RI
ZDWHUSURRILQJ

Intensity(Counts)

a b

$GVRUSWLRQ WHVW 7KH FRQGLWLRQV RI DGVRUSWLRQ
DQG VDWXUDWHG DGVRUSWLRQ ZDVWH ZHUH VWXGLHG WKURXJK
WKHNLQHWLFVWKHUPRG\QDPLFVDQGWKHLQIOXHQFHIDFWRU
WHVW $FFRUGLQJ WR WKH DGVRUSWLRQ SURSHUWLHV RI WKH
]HROLWHSRZGHUJ]HROLWHDQG/RI&UZDVWHDW
D FRQFHQWUDWLRQ RI  J/ ZHUH PL[HG DW q& DW D
VSHHGRIUPLQZLWKDQHOHFWULFPL[HU7KHPL[WXUH
ZDVVWLUUHGIRUKXQWLO&UZDVQRORQJHUDGVRUEHG
E\WKH]HROLWHSRZGHU
6ROLGLILFDWLRQ WHVW 7KH DGVRUSWLRQ VDWXUDWLRQ
]HROLWHSRZGHUDQGZDVWHOLTXLGDIWHU&UDGVRUSWLRQ
ZHUHVHSDUDWHGWKURXJKVROLGOLTXLGVHSDUDWLRQ7KHQ
WKH ]HROLWH SRZGHU ZDV GULHG DQG PLOOHG DQG VLIWHG
WKURXJKDPHVKVLHYH6RPHRIWKH]HROLWHZDVWKHQ
HYHQO\ PL[HG ZLWK IO\ DVK DQG 1D2+ VROXWLRQ ZDV
DGGHGDWDVROLGOLTXLGUDWLRRI$IWHUVWLUULQJWKH
VOXUU\ ZDV SRXUHG LQWR D  PPî PPî PPî
PROGDQGLQFXEDWHGDWq&IRUK7KHFXUHGERG\
ZDV DOVR PDLQWDLQHG DW q& DIWHU WKH PROGV ZHUH
UHPRYHG

a b
a b

b

10

TEST METHODS

a----Zeolite(Na)
b----Fujasite(K)
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6RDNLQJ WHVW 7KH OHDFKLQJ WHVW ZDV SHUIRUPHG
DFFRUGLQJ WR &KLQHVH 1DWLRQDO 6WDQGDUG *% 
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RVFLOODWLRQPHWKRG>@
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FIGURE 1
X-ray diffraction patterns of zeolite

&KHFNLQJ WHVW 7KH OHDFKLQJ FRQFHQWUDWLRQ ZDV
PHDVXUHGZLWKDQLQGXFWLYHO\FRXSOHGSODVPDDWRPLF
HPLVVLRQ VSHFWURPHWU\ DFFRUGLQJ WR $SSHQGL[ $ RI
&KLQHVH 1DWLRQDO 6WDQGDUG *% 
+D]DUGRXV ZDVWH LGHQWLILFDWLRQ VWDQGDUG /HDFKLQJ
WR[LFLW\GLIIHUHQWLDWLRQ>@7KHFRQFHQWUDWLRQRI&U
LQ ZDVWH FDQQRW H[FHHG  SSP DFFRUGLQJ WR WKH
UHTXLUHPHQWVRI&KLQHVH1DWLRQDO6WDQGDUG*%
6XUIDFH ZDWHUHQYLURQPHQWDOTXDOLW\VWDQGDUG
FODVVϩDQG³'ULQNLQJZDWHUTXDOLW\VWDQGDUGV´JUDGH
Ϩ7KH&UFRQFHQWUDWLRQRIWKHOHDFKLQJVROXWLRQZDV
XVHGDVWKHSDUDPHWHUIRUMXGJLQJWKHFXULQJHIIHFWDW
WKHVWDQGDUGRISSP

MATERIAL AND METHODS
0DWHULDOV 7KH ;5' SDWWHUQ RI ]HROLWH ZKLFK
ZDV PDLQO\ FRPSRVHG RI SRWDVVLXP DQG VRGLXP
IDXMDVLWHJURXS]HROLWHLVVKRZQLQ)LJXUH7KHPDLQ
FKHPLFDO FRPSRVLWLRQRIIO\ DVKOHYHO,LVVKRZQLQ
7DEOH7KH&D2FRQWHQWRIWKHIO\DVKZDVOHVVWKDQ

7KH &U 12  1D2+ &+2$O DQG
&+&22 &D ZHUH DOO DQDO\WLFDO UHDJHQW JUDGH
7KHPDLQLQJUHGLHQWRIWKHGHIRDPHUVZDV&+23
7KHUHVLQZDVSUHSDUHGE\PL[LQJWKHDTXHRXVHSR[\
UHVLQ DQG VRIW DFU\OLF UHVLQ DW D  UDWLR$ VWDQGDUG
VROXWLRQ SSP RI&UDQGGHLRQL]HGZDWHUZHUH
XVHG

RESULTS AND DISCUSSION
7KH FRQFHQWUDWLRQ RI WKH DONDOLDFWLYDWHG
VROXWLRQJRIDGVRUSWLRQVDWXUDWHG]HROLWHDQGJ
IO\DVKSRZGHUZHUHFXUHGWKURXJKDONDOLDFWLYDWLRQDW
GLIIHUHQW 1D2+ FRQFHQWUDWLRQV  PRO/  PRO/ 
PRO/PRO/PRO/PRO/PRO/PRO/
PRO/DQGPRO/7KHFRPSUHVVLYHVWUHQJWKDQG
OHDFKLQJFRQFHQWUDWLRQRIWKHFXUHGERG\DIWHUDQG
GD\VDUHVKRZQLQ)LJXUHDQG)LJXUHUHVSHFWLYHO\

0HWKRGV;UD\GLIIUDFWLRQZDVSHUIRUPHGZLWK
;5' ;GLIIUDFWLRQ DQDO\]HU WKH OHDFKLQJ
FRQFHQWUDWLRQ ZDV SHUIRUPHG ZLWK ,&232(6
LQGXFWLYHO\FRXSOHGSODVPDHPLVVLRQVSHFWURPHWHUWKH
]HROLWHSRZGHUZDVPLOOHGE\3XOYHULVHWWHVLPROR\HU
PLOO ,QIUDUHG VSHFWUXP ZDV PHDVXUHG ZLWK IRXULHU
WUDQVIRUP LQIUDUHG VSHFWUXP DQDO\]HU WKH VROLGLILHG
ERGLHVZHUHFXUHGLQ$&:VWHDPFXULQJER[DQG
WKH FRPSUHVVLYH VWUHQJWK ZDV WHVWHG ZLWK D 7<(+
WHVWLQJPDFKLQHZLWKPLFURFRPSXWHUFRQWURORID


Volume 25 ± No. 12a/2016, pages 6012-6019

© by PSP

Fresenius Environmental Bulletin

7$%/(
&KHPLFDOFRPSRVLWLRQRIIO\DVK
)H2


$O2


6L2


&D2


60
3 Days Pressure
7 Days Pressure

Pressure (MPa)

50
40
30
20
10
0
4

6

8

10

12

0J2

The leaching concentration of Cr(III) (mg/L)

0DWHULDOV
3HUFHQWDJH

14

.2


Leaching Concentration after 3 Days
Leaching Concentration after 7 Days

0.30
0.25
0.20
0.15
0.10
0.05
0.00

Pressure (MPa)

50
Pressure after 3 Days
Pressure after 7 Days

30
20
10
0
0.6

0.8

1.0

1.2

1.4

1.6

The leaching concentration of Cr(III) (mol/L)

60

0.4

5

18
16
14
12
10
8
6
4

:KHQWKHDONDOLFRQFHQWUDWLRQZDVOHVVWKDQ
PRO/WKHFRPSUHVVLYHVWUHQJWKLQFUHDVHGZLWKWKH
FRQFHQWUDWLRQDVVKRZQLQ)LJXUH7KHPD[LPXP
FRPSUHVVLYH VWUHQJWK RFFXUUHG ZKHQ WKH DONDOL
FRQFHQWUDWLRQ ZDV  PRO/ DQG WKH FRPSUHVVLYH
VWUHQJWK GHFUHDVHG ZLWK LQFUHDVLQJ DONDOL
FRQFHQWUDWLRQ7KHOHDFKLQJFRQFHQWUDWLRQGHFUHDVHG
ZLWK LQFUHDVLQJ DONDOL FRQFHQWUDWLRQ DV VKRZQ LQ
)LJXUH7KHOHDFKLQJFRQFHQWUDWLRQZDVRQO\
SSPDIWHUGD\VZKHQWKHDONDOLFRQFHQWUDWLRQZDV
PRO/DQGZDVOHVVWKDQSSPZKHQWKHDONDOL
FRQFHQWUDWLRQZDVJUHDWHUWKDQPRO/7KHDONDOL
FRQFHQWUDWLRQ RI  PRO/ ZDV DSSOLHG LQ IXUWKHU
WHVWLQJ GXH WR WKH PD[LPXP FRPSUHVVLYH VWUHQJWK
DQG WKH VXLWDEOH OHDFKLQJ FRQFHQWUDWLRQ WKDW ZHUH
IRXQG 7KH OHDFKLQJ FRQFHQWUDWLRQ JHQHUDOO\
GHFUHDVHGZLWKLQFUHDVLQJFRPSUHVVLYHVWUHQJWK
0L[SURSRUWLRQ7KHVROLGLILFDWLRQWHVWVZHUH
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FIGURE 4
Compressive strength of fly ash-based
geopolymers activated by different ratios
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FIGURE 3
The leaching concentration of Cr(III) of fly ashbased geopolymers activated by different
concentrations of alkali

FIGURE 2
Compressive strength of fly ash-based
geopolymers activated by different
concentrations of alkali
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FIGURE 5
The leaching concentration of Cr(III) of fly ashbased geopolymers activated by different ratios
DONDOLDFWLYDWHGXVLQJPRO/DONDOLVROXWLRQDQGDW
GLIIHUHQWUDWLRVRIDGVRUSWLRQVDWXUDWHG]HROLWHWRIO\
DVK
 DQG  7KH FRPSUHVVLYH VWUHQJWK DQG
OHDFKLQJFRQFHQWUDWLRQRIWKHFXUHGERG\DIWHUDQG
 GD\V DUH VKRZQ LQ )LJXUH  DQG )LJXUH 
UHVSHFWLYHO\
7KH FRPSUHVVLYH VWUHQJWK GHFUHDVHG DQG WKH
OHDFKLQJFRQFHQWUDWLRQLQFUHDVHGZLWKDQLQFUHDVLQJ
FRQFHQWUDWLRQ RI WKH DGVRUSWLRQ VDWXUDWHG ]HROLWH
)LJXUHDQG)LJXUH 3RVVLEOHUHDVRQVIRUWKHVH
REVHUYHGWUHQGVDUHDVIROORZVWKHPRUHDGVRUSWLRQ
VDWXUDWHG ]HROLWH WKH PRUH &U WKH PRUH &U WKH
PRUHFRQVXPHGDONDOLLQFKHPLFDOSUHFLSLWDWLRQWKH
PRUHFRQVXPHGDONDOLLQFKHPLFDOSUHFLSLWDWLRQWKH
OHVVFRQVXPHGDONDOLLQVROLGLILFDWLRQ7KHVHOHGWR
WKHIDFWWKDW]HROLWHDQGIO\DVKZHUHQRWVXIILFLHQWO\
DONDOLDFWLYDWHG DQG WKHUH ZHUH QRW HQRXJK GHQVH
PDWHULDO VWUXFWXUHV VXFFHVVIXOO\ JHQHUDWHG 7KXV
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7KH SURSRUWLRQ RI DGPL[WXUH 7KH
LPPRELOL]DWLRQUDWHZDVUHODWHGWRWKHTXDQWLW\RIWKH
&UWKDWFXUHGSHUXQLWVROLGLILFDWLRQERG\DQGWKXV
WKH PRUH DGVRUSWLRQ VDWXUDWHG ]HROLWH WKH EHWWHU
VROLGLILFDWLRQ +RZHYHU PRUH DGVRUSWLRQ VDWXUDWHG
]HROLWHUHVXOWHGLQPRUH&UZKLFKFDQLQFUHDVHWKH
OHDFKLQJFRQFHQWUDWLRQRIVROLGLILFDWLRQERG\)URP
WKHUHVXOWVRI)LJXUHDQG)LJXUHWKHUDWLR
RIDGVRUSWLRQVDWXUDWHG]HROLWHWRIO\DVKZDVXVHGIRU
IXUWKHU WHVWLQJ$W GD\  WKH FRPSUHVVLYH VWUHQJWK
ZDV03DDQGWKHOHDFKLQJFRQFHQWUDWLRQZDV
 SSP$W GD\  WKH FRPSUHVVLYH VWUHQJWK ZDV
03DDQGWKHOHDFKLQJFRQFHQWUDWLRQZDV
SSP 5HVLQV GHIRDPHUV DOXPLQXP DQG FDOFLXP
VWHDUDWH VHUYHG DV PLQHUDO DGGLWLYHV WR ILOO WKH
PLFURSRUHV DQG SRUHV RI WKH FXUHG ERG\ DQG WKLV
FRXOGUHVXOWLQDPRUHGHQVHVWUXFWXUHDQGUHGXFHWKH
SUHVHQFHRIYRLGV>@

FRPSUHVVLYHVWUHQJWK7KHPDLQUHDVRQZDVWKDWWKH
UHVLQILOOHGWKHYRLGVZLWKLQWKHERG\DQGSUHYHQWHG
&UIURPPLJUDWLQJWRWKHRXWVLGHWKURXJKWKHJDS
1RPDWWHUWRRPXFKRUWRROLWWOHUHVLQSURPRWHGWKH
FXULQJUHDFWLRQ,WZDVGLIILFXOWWREORFNWKHJDSZLWK
DVPDOOTXDQWLW\RIUHVLQDVZHOODVJHQHUDWHWKHGHQVH
PDWWHU ZLWK D PDVV RI UHVLQ :KHQ WKH UHVLQ
FRQFHQWUDWLRQZDVEHWZHHQWKHFXULQJZDV
EHWWHU DQG WKH OHDFKLQJ FRQFHQWUDWLRQV ZHUH EHORZ
SSP
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FIGURE 6
The leaching concentration of Cr(III) and
compressive strength of fly ash-based
geopolymers activated by different quantities
of resin
7KHUHVLQVZHUHDGGHGDWGLIIHUHQWSURSRUWLRQV
RI RWKHU PDWHULDOV      
DQG  7KH FRPSUHVVLYH VWUHQJWK DQG OHDFKLQJ
FRQFHQWUDWLRQDIWHUDQGGD\VDUHVKRZQLQ)LJXUH
 7KH FRPSUHVVLYH VWUHQJWK GHFUHDVHG ZLWK DQ
LQFUHDVLQJ DPRXQW RI UHVLQ 7KH FRPSUHVVLYH
VWUHQJWK VORZO\ GHFOLQHG DW ILUVW EXW WKHQ VKDUSO\
GHFUHDVHG DW UHVLQ$W GD\  WKH FRPSUHVVLYH
VWUHQJWKZLWKUHVLQVUHPDLQHGDWDERXW03DDQG
DWGD\WKHFRPSUHVVLYHVWUHQJWKUHPDLQHGDWDERXW
03DH[FHSWDWUHVLQZKHUHERWKZHUHWZLFH
DVODUJHDVEHIRUH7KLVSURYHGWKDWWKHVROLGLILFDWLRQ
ZDVSURPRWHGZLWKUHVLQEXWWRRPXFKUHVLQUHVXOWHG
LQ WKH RSSRVLWH HIIHFW 7KH OHDFKLQJ FRQFHQWUDWLRQV
IRU GD\  DQG GD\  DOO LQFUHDVHG DIWHU WKH ILUVW
GHFUHDVH DQG ZHUH QRW FRUUHODWHG ZLWK WKH

140
120

22

100

20

80

18

50ug/L 60

16
14

40

Pressure after 7 Days
Pressure after 3 Days

40

Leanching Concentration
after 3 Days
Leanching Concentration
after 7 Days

1

2

3

20
0
4

5

The leaching concentration of Cr(III)(ug/L)

WKHVH ERGLHV FRXOG QRW VXVWDLQ PRUH VWUHQJWK DQG
FRXOGQRWSUHYHQWPRUH&UIURPOHDFKLQJ>@

Fresenius Environmental Bulletin

Pressure(MPa)

© by PSP

6

The Quality of Aluminum Stearate(g)

FIGURE 7
The leaching concentration of Cr(III) and
compressive strength of fly ash-based
geopolymers activated by different quantities
of foam suppressor
7KH GHIRDPHUV ZHUH DGGHG DW GLIIHUHQW
TXDQWLWLHVP/P/P/P/P/P/
 P/ DQG  P/ 7KH FRPSUHVVLYH VWUHQJWK DQG
OHDFKLQJFRQFHQWUDWLRQDIWHUDQGGD\VDUHVKRZQ
LQ)LJXUH7KHFRPSUHVVLYHVWUHQJWKRIWKHFXUHG
ERG\SUHSDUHGZLWKGHIRDPHUVEHFDPH KLJKHUWKDQ
EHIRUH 7KH DLU EXEEOHV ZHUH EURNHQ WKURXJK
GHIRDPHUV DQG WKLV UHGXFHG WKH DPRXQWV RI YRLGV
DQGSRUHVLQFUHDVHGWKHGHQVLW\RIWKHFXUHGERG\
DQG WKXV LPSURYHG WKH FRPSUHVVLYH VWUHQJWK
+RZHYHU WKH FRPSUHVVLYH VWUHQJWKV DW ERWK GD\ 
DQG  GHFUHDVHG ZLWK LQFUHDVLQJ DPRXQWV RI
GHIRDPHUV 7KLV LQGLFDWHG WKDW WKH SRO\PHUL]DWLRQ
UHDFWLRQ EHWZHHQ ]HROLWH DQG IO\ DVK ZDV SDUWO\
OLPLWHG E\ GHIRDPHUV 7KH OHDFKLQJ FRQFHQWUDWLRQ
ILUVW GHFUHDVHG ZLWK LQFUHDVLQJ DPRXQWV RI
GHIRDPHUV EXW WKHQ UHPDLQHG UHODWLYHO\ FRQVWDQW
7KH OHDFKLQJ FRQFHQWUDWLRQV ZHUH DOO EHORZ 
SSP ZKHQ WKH DGGHG GHIRUPHU DPRXQW ZDV PRUH
WKDQP/
7KHDOXPLQXPVWHDUDWH ZDVDGGHGDWGLIIHUHQW
SURSRUWLRQVDQG
7KH FRPSUHVVLYH VWUHQJWKV DQG OHDFKLQJ
FRQFHQWUDWLRQVDIWHUDQGGD\VDUHVKRZQLQ)LJXUH
$V VKRZQ LQ )LJXUH  WKH OHDFK UHVLVWDQFH DQG
FRPSUHVVLYHVWUHQJWKZHUHSRVLWLYHO\FRUUHODWHGDQG
WKH EHVW DQWLOHDFKLQJ ZDV DFKLHYHG DW WKH ODUJHVW
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QRWWKHPDLQIDFWRUWKDWZDVUHVSRQVLEOHIRUFKDQJLQJ
WKHOHDFKLQJFRQFHQWUDWLRQ>@)URPWKH;5'
DQDO\VLVRIWKHFXUHGERG\EHIRUHDQGDIWHUFDOFLXP
VWHDUDWH LW ZDV UHYHDOHG WKDW VRDSVWRQH DQG ZLQG
KDUGURFNZHUHJHQHUDWHGZLWKFDOFLXPVWHDUDWHDQG
ILOOHGSRUHVLQ)LJXUH

FRPSUHVVLYH VWUHQJWK ,Q WKH DONDOL HQYLURQPHQW
WKHUH ZHUH OLNHO\ FKHPLFDO UHDFWLRQV EHWZHHQ WKH
DOXPLQXPVWHDUDWHDQGJHRSRO\PHUVWKDWFRXOGKDYH
JHQHUDWHGVRPHFU\VWDOV7KHVHFROORLGVDQGFU\VWDOV
FDQLQFUHDVHWKHFRPSUHVVLYHVWUHQJWKDQGOHDFKLQJ
UHVLVWDQFHGXHWRWKHIDFWWKDWWKHVHFDQMDPDQGILOO
WKH PLFURFKDQQHOV DQG PLFURSRUHV ZKLFK ZHUH
IRUPHGGXULQJWKHKDUGHQLQJSURFHVVWRLPSURYHWKH
FRPSDFWQHVV RI WKH FXUHG ERG\ +RZHYHU PRUH
DOXPLQXPVWHDUDWH ZDVQRWDOZD\VEHWWHUWKH PRVW
VXLWDEOHFRQFHQWUDWLRQIRXQGZDV
7KH FDOFLXP VWHDUDWH ZDV DGGHG DW GLIIHUHQW
SURSRUWLRQV
DQG  7KH FRPSUHVVLYH VWUHQJWK DQG OHDFKLQJ
FRQFHQWUDWLRQDIWHUDQGGD\VDUHVKRZQLQ)LJXUH
7KH FRPSUHVVLYH VWUHQJWK UHGXFHG DIWHU WKH ILUVW
LQFUHDVH LQ FDOFLXP VWHDUDWH DQG WKH KLJKHVW
FRPSUHVVLYH VWUHQJWK ZDV IRXQG DW WKH DGGLWLRQ RI
 FDOFLXP VWHDUDWH 7KH OHDFKLQJ FRQFHQWUDWLRQ
GHFUHDVHGZLWKLQFUHDVLQJFDOFLXPVWHDUDWHDQGWKH
OHDFKLQJ UHVLVWDQFH LPSURYHG ZLWK LQFUHDVLQJ
FDOFLXP VWHDUDWH $W GD\  DQG  WKH OHDFKLQJ
FRQFHQWUDWLRQVZHUHVLPLODUDQGWKHFXULQJWLPHZDV
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The leaching concentration of Cr(III) and
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FIGURE 11
FTIR spectra of (1) fly ash geopolymer with Crzeolite and (2) fly ash geopolymer without Crzeolite
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The parts of FTIR spectra of fly ash geopolymer with different admixtures
7KHLQIUDUHGVSHFWUDRIFXUHGERGLHVZLWKUHVLQV
GHIRDPHUVDOXPLQXPVWHDUDWHDQGFDOFLXPVWHDUDWH
DUHVKRZQLQ)LJXUHDQG)LJXUH7KHVSHFWUXP
ZLWK UHVLQ RQO\ VOLJKWO\ FKDQJHG LQGLFDWLQJ WKDW
WKHUH ZHUH QRW DQ\ LQWHQVH FKHPLFDO UHDFWLRQV
EHWZHHQ WKH UHVLQ DQG JHRSRO\PHU 7KH SHDN
LQWHQVLW\LQFUHDVHGZLWKGHIRDPHUVSHDNVDWFP
 FP DQG  FP VLJQLILFDQWO\ URVH 7KH
DEVRUSWLRQSHDNDWFPFRUUHVSRQGVWRWKH6L2
EHQGLQJYLEUDWLRQFPSHDNFRUUHVSRQGVWR6L
26L DQG 6L2$O V\PPHWULF VWUHWFKLQJ YLEUDWLRQV
DQGWKHFPDEVRUSWLRQSHDNFRUUHVSRQGVWRWKH
6L2VWUHWFKLQJYLEUDWLRQ7KHLQFUHDVHLQWKHVHSHDN
LQWHQVLWLHV LQGLFDWHG WKDW GHIRDPHUV SURPRWHG
GHSRO\PHUL]DWLRQIURPWKH 6L26LNH\DQG WKH 6L
2$O VWUXFWXUDO PHVK>@ DQG WKDW FRQGHQVDWLRQ
SRO\PHUL]DWLRQRFFXUUHGEHWZHHQ>6L2@WHWUDKHGURQ
DQG >$O2@ WHWUDKHGURQ 7KH SHDN LQWHQVLW\ DOVR
LQFUHDVHG ZLWK DOXPLQXP DQG FDOFLXP VWHDUDWH
LQGLFDWLQJ WKDW DOXPLQXP DQG FDOFLXP VWHDUDWH
SURPRWHG GHSRO\PHUL]DWLRQ DQG SDUWO\ SURPRWHG
FRQGHQVDWLRQ SRO\PHUL]DWLRQ )LQDOO\ WKH
FDUER[\ODWH IXQFWLRQDO JURXS DEVRUSWLRQ SHDN DW
 FP LQFUHDVHG DQG PHWK\O DQG PHWK\OHQH

DEVRUSWLRQ SHDNV ZHUH JHQHUDWHG DW  FP DQG
FP>@
6(0 $ ODUJH DPRXQW RI FU\VWDOV ZHUH
JHQHUDWHG LQ WKH FXUHG ERG\ DQG WKH\ ILOOHG LQ WKH
SDUWLFOHVDQGSRUHVUHGXFLQJWKHSRVVLEOHSDWKZD\V
WKH FDWLRQ FRXOG KDYH OHDFKHG 0LFURJUDSKV RI
XQUHDFWHGDQGUHDFWHGIO\DVKDUHVKRZQLQ)LJXUH
D DQG E UHVSHFWLYHO\8QUHDFWHGIO\DVKGLVSOD\HG
DVPRRWKVXUIDFHZKLOHWKHVXUIDFHRIWKHUHDFWHGIO\
DVKZDVFRYHUHGZLWKFU\VWDOV
7KH VFDQQLQJ HOHFWURQ PLFURVFRS\ RI WKH
JHRSRO\PHU ZLWK GLIIHUHQW DGPL[WXUHV LV VKRZQ LQ
)LJXUH7KHVSKHULFDOVXEVWDQFHVLQ)LJXUH E 
F DQG G ZHUHWKHIO\DVKSDUWLFOHVZKLFKGLGQRW
SDUWLFLSDWH LQ WKH UHDFWLRQ &ORXGOLNH SRO\PHU
FU\VWDOV ZHUH JHQHUDWHG LQ WKH FXUHG ERG\ ZLWK
DOXPLQXPVWHDUDWH$FLFXODUVXEVWDQFHVZKLFKPD\
KDYHEHHQFDOFLXPVLOLFDWH K\GUDWHZHUH JHQHUDWHG
LQWKHFXUHGERG\ZLWKFDOFLXPVWHDUDWH)HZHUQHZ
FU\VWDOVZHUHJHQHUDWHGLQWKHFXUHGERG\ZLWKUHVLQ
VLQFH WKH UHVLQ FDQQRW FKHPLFDOO\ UHDFW ZLWK WKH
FXUDEOHPDWHULDO7KHUHVLQFDQRQO\SK\VLFDOO\EORFN
WKHSRUHV&ROXPQDUJHRORJLFDOPDWHULDOZDVIRXQG
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LQWKHFXUHGERG\ZLWKGHIRDPHUV7KHUHDFWLRQUDWH
FDQ EH GHWHUPLQHG IURP WKH DPRXQW RI IO\ DVK
SDUWLFOHVZKLFKGLGQRWSDUWLFLSDWHLQUHDFWLRQ7KH
FXULQJ PDWHULDOV ZLWK DOXPLQXP VWHDUDWH UHDFWHG DW
WKHIDVWHVWVSHHGIROORZHGE\GHIRDPHUVUHVLQVDQG
ILQDOO\FDOFLXPVWHDUDWH

CONCLUSION
&UZDVWHZDVHIIHFWLYHO\FXUHGDQGHPEHGGHG
WKURXJK
WKH
³$GVRUSWLRQ$EUXSWLRQ&XULQJ´
GLVSRVDOPHWKRG7KHOHDFKLQJFRQFHQWUDWLRQRIWKH
FXUHG ERGLHV PHW WKH VWDQGDUGV 7KH JHRSRO\PHU
EHWWHU KDUGHQHG LQWR FXUHG ERGLHV DQG WKH
FRPSUHVVLYH VWUHQJWK LPSURYHG ZLWK UHVLQV
GHIRDPHUVDOXPLQXPVWHDUDWHDQGFDOFLXPVWHDUDWH
PL[LQJ 7KH OHDFKLQJ FRQFHQWUDWLRQ ZDV OHVV WKDQ
SSPDIWHUDGMXVWLQJWKHDGGHGDPRXQW
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$WGD\WKHFRPSUHVVLYHVWUHQJWKZDV
03DDQGWKHOHDFKLQJFRQFHQWUDWLRQZDVSSP
ZKHQ WKH FXULQJ PDWHULDOV ZHUH DFWLYDWHG DW WKH
FRQFHQWUDWLRQ RI PRO/ ZLWKRXW WKH DGPL[WXUH
7KH FRPSUHVVLYH VWUHQJWK GHFUHDVHG DQG WKH
OHDFKLQJ FRQFHQWUDWLRQ LQFUHDVHG ZLWK LQFUHDVLQJ
SURSRUWLRQRIWKH&UVDWXUDWHGDFWLYDWHG]HROLWH
5HVLQ VXSSUHVVHG &U OHDFKLQJ E\ PDLQO\
SK\VLFDOO\FDXONLQJZKHQWKHFRQFHQWUDWLRQZDV

&DOFLXPVWHDUDWHDQGGHIRDPHUVKDGDQLQYHUVH
FRUUHODWLRQZLWKWKHOHDFKLQJFRQFHQWUDWLRQ7KHEHVW
DQWLOHDFKLQJ HIIHFW ZDV REVHUYHG DW  P/
GHIRDPHUVDQGFDOFLXPVWHDUDWH
7KH DGGLWLRQ RI DOXPLQXP VWHDUDWH ZDV
SRVLWLYHO\FRUUHODWHGWR&UOHDFKLQJ7KHDOXPLQXP
VWHDUDWH FRQFHQWUDWLRQ FRXOG QRW H[FHHG  RI WKH
PDVVRIWKHSRO\PHUDQGZDVIRXQGWRKDYHWKH
EHVWOHDFKUHVLVWDQFHHIIHFW

(b)

(a)
FIGURE 14
The SEM figure of the solidified body

(a)

(b)

(d)
FIGURE 15
The SEM figure of the solidified body
(a)aluminum stearate; (b) calcium stearate; (c) foam suppressor; (d) resin
(c)
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DETERMINING DROUGHT TOLERANCE OF NEW FODDER
PEA AND PERSIAN CLOVER GENOTYPES AT THE
GERMINATION AND EARLY SEEDLING STAGES
Ertan Ates*
Department of Field Crops, Faculty of Agriculture, University of Namik Kemal, Tekirdag, 59030, Turkey.

irrigation. Droughts are damaging because of the
long-term lack of water available to the crops.
Droughts have been responsible for some of the more
serious famines in the world, although sociological
factors are also important. For this, it is important to
develop drought-tolerant or resistant plant
genotypes.
Drought stress imposes adverse and
undesirable impacts on plants growth and
development [1]. Germination is thought to be one
of the phonological determinant stages in crops life
cycle as it warrants successful establishment of crops
and its final yield [2]. This stage of crop development
at which drought stress can be encountered. When
the seedbed dries out due to lack of rainfall and high
temperatures, seeds are often subjected to drought
stress which results in poor emergence and seedling
establishment. This has led to investigations of the
moisture requirements for germination in fields
where dry seedbeds are a common problem. Once
the genetic variability for germination under osmotic
stress has been established, it is relatively easy to
develop screening techniques. The simplest method
is to germinate seeds in osmopriming treatments
using mannitol, sodium chloride, glycerol, sucrose,
sorbitol, polyethylene glycol (PEG) or carbowax
solutions [3, 4, 5, 6].
The effects of drought on forage production of
cool-season forage legumes such as Persian clover
(Trifolium resupinatum L. var. majus Boiss.) and
fodder pea (Pisum arvense L.) vary in different
growth stages, affecting dry mass and seed yield in
these plants. Persian clover and fodder pea are highly
used as a forage crops during recent decades in all
over the world. The high forage yield of these plants
makes it a good option for livestock producers to use
it as fresh forage and hay products. High forage
production for these crops depends on varieties,
environmental factors (rainfall, temperature etc.),
sowing time, harvest stage, soil fertility and other
cultivation techniques. They are adapted to a wide
range of soil types, but they are best suited for lowlying areas [7]. However, the development of
cultivars with the ability to germinate under osmotic
stress would be useful in reclamation of dry
seedbeds. Besides, information

ABSTRACT
This research was conducted to study the effect
of drought stress induced by D-Mannitol on seed
germination and early seedling growth of four
Persian clover genotypes namely S, Y, AY, Kr and
four fodder pea genotypes namely Tore, Ates, 16-K
and 16. The experiments were conducted as factorial
form, using a completely randomized design
arrangement, with four replications. None of the
Persian clover seeds was able to germinate at -1.2
MPa and -2.4 MPa of D-mannitol, while the seeds of
fodder pea genotypes were not germinated at -2.4
MPa of D-mannitol. The final germination
percentages, shoot and root lengths, root and shoot
fresh weights, shoot and root dry weights, relative
water contents of shoot and root, tolerance indices of
shoot and root in fodder pea and Persian clover
genotypes, and their interactions were all affected by
the different osmotic (drought) stress conditions. The
germination ratios, shoot and root lengths, fresh and
dry weights of new fodder pea genotypes 'Tore' and
'Ates', and Persian clover genotypes 'Y' and 'S' were
found to be higher drought tolerance than other
genotypes.

KEYWORDS:
Drought Tolerance, Germination, Fodder Pea, Osmotic
Stress, Persian Clover, Tolerance Index

INTRODUCTION
Data of atmospheric gases emission have
shown that levels of CO2 are increasing. Many
research that the average temperatures throughout
the world will rise in the next few decades, resulting
in higher global temperatures, affecting rainfall
regimes and increasing extreme weather events such
as heat waves, droughts, strong winds, and heavy
rains. Heat waves can cause extreme heat stress in
plants, which can limit yields if they occur during
certain times of the plants¶ life cycle (pollination,
pod or fruit set). In addition, heat waves can result in
wilted crops (due to elevated transpiration rates)
which can cause yield loss if not counteracted by
6020
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TABLE 1
The germination percentages (GP) of Persian clover and fodder pea genotypes (G) exposed to different
water deficits induced by different contents of D-mannitol during germination.
Osmotic Stress GP (%)
(OS, Ȍs)
Persian clover genotypes
(MPa)
Means¥
S
Y
AY
Kr
0 (Control)
98.3a
97.5a
99.0a
98.0a
98.2a
-0.3
85.1b
85.5b
86.9b
86.8b
86.0b
-0.6
33.3c
25.0d
27.7d
21.2e
26.8c
-1.2
0f
0f
0f
0f
0d
-2.4
0f
0f
0f
0f
0d
43.3a
41.6b
42.7ab
41.2b
Means
LSD
G=0.667*
OS=9.333*
G x OS=2.725*
Osmotic Stress Fodder pea genotypes
(OS, Ȍs)
Tore
Ates
16-K
16
(MPa)
0 (Control)
99.3a
98.6a
95.5b
94.0b
96.8a
-0.3
89.4c
86.0d
83.0e
82.1e
85.1b
-0.6
75.0f
72.6g
65.0h
61.9i
68.6c
-1.2
56.2j
53.4k
44.7l
43.0l
49.3d
-2.4
0m
0m
0m
0m
0e
63.9a
62.1b
57.6c
56.2c
Means
LSD
G= 1.733*
OS= 10.733*
G x OS=2.333*
*P<0.05, The means of Persian clover and fodder pea genotypes with different letter for the same row
are significantly different. ¥Osmotic stress means and osmotic stress x genotype interactions with different
letter of the column are significantly different.
in 2% sodium hypochlorite solution for 30 min and
on germination and seedling stage of new Persian
washed in distillated water three times [9]. All
clover and fodder pea genotypes to osmotic stress is
germination tests were carried out in transparent
not available.
plastic lid boxes (20 cm long x 13 cm wide x 4 cm
In this research, four Persian clover genotypes
depth) lined with two sheets of Whatman paper
namely S, Y, AY, Kr and four fodder pea genotypes
(No:42) imbibed with 35 mL of sterile test solution.
namely Tore, Ates, 16-K and 16 which were chosen
The D (-)-Mannitol pure (Merck) was used at four
to determine their drought tolerance, were evaluated
iso-osmotic concentrations corresponding to osmotic
for germination percentages, relative water contents,
potentials (Ȍs) of 0 (control), -0.3 MPa (22.29 gL-1
shoot and root lengths, root and shoot dry and fresh
of distilled water), -0.6 MPa (44.58 gL-1 of distilled
weights, tolerance indices under osmotic stress
water), -1.2 MPa (89.17 gL-1 of distilled water) and conditions.
2.4 MPa (178.34 gL-1 of distilled water) [10, 11],
estimated by a vapor pressure osmometer. Four
replications of one hundred seeds per treatment of all
genotypes were incubated at 25 °C [12, 13] for ten
MATERIALS AND METHODS
days [14], and the numbers of germinated seeds were
counted.
In order to study of effect of drought (osmotic)
After ten days, final germination percentages,
stress on germination and early seedling growth of
based
on normal seedlings, were recorded according
Persian clover (namely S, Y, AY, Kr) and fodder pea
to AOSA [8] guidelines and shoot (SFW, mg) and
genotypes (namely Tore, Ates, 16-K and 16), an
root fresh weight (RFW, mg) of 25 random seedlings
experiment was conducted as factorial form, using a
of each replication from each treatment [15] were
completely randomized design arrangement, with
determined immediately. Then, shoot (SL, mm) and
four replications. The genotypes were evaluated with
root lengths (RL, mm) of these seedlings were
pure line selection in Department of Field Crops,
measured. The shoot dry weight (SDW, mg) and root
Faculty of Agriculture, University of Namik Kemal,
dry weight (RDW, mg) were evaluated after 48 h in
Tekirdag, Turkey. Seeds were harvested in 2012
an oven at 55 °C [16]. The fresh weight and dry
from experimental areas of faculty in this city (41.0°
weight thereafter served to estimate root (RWC, %)
59´ N, 27.5° 34´ E), 5 m above the sea level. They
and shoot water contents (SWC, %) on a fresh weight
were stored in plastic bag at room temperature and
basis according to the formula (FW-DW)/FW x 100
used germination studies. Before experiments began,
[9]. Furthermore, a tolerance index (TI) was
seed viability was tested using tetrazolium [8], then
calculated for each variety, i.e., the shoot and root
seeds and plastic germination boxes were sterilized
dry weights was calculated
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by adopting the following formula [17]: Tolerance
Index (TI) = dry weights of shoot and root in osmatic
stress/dry weights of shoot and root in control.
All data were analyzed statistically by analysis
of variance using MSTAT-C software. The

percentages were arcsine transformed before
statistical analysis to ensure homogeneity of
variance. Mean comparisons were performed using
an ANOVA protected least significant difference
(LSD) test.

TABLE 2
The relative water content in shoot (SWC) of Persian clover and fodder pea genotypes (G) exposed
to different water deficits induced by different contents of D-mannitol during germination.
Osmotic Stress SWC (%)
(OS, Ȍs)
Persian clover genotypes
(MPa)
Means¥
S
Y
AY
Kr
0 (Control)
65.2d
66.7cd
66.7cd
67.8c
66.6b
-0.3
67.4c
68.5c
66.7cd
69.4c
68.0b
-0.6
78.0b
81.3a
78.0b
81.5a
79.7a
-1.2
0e
0e
0e
0e
0c
-2.4
0e
0e
0e
0e
0c
42.1
43.3
42.3
43.7
Means
LSD
G= NS
OS=7.333**
G x OS=2.623**
Osmotic Stress Fodder pea genotypes
(OS, Ȍs)
Tore
Ates
16-K
16
(MPa)
0 (Control)
71.4c
72.2b
75.1a
74.4a
73.3b
-0.3
73.0b
72.7b
75.6a
75.0a
74.1a
-0.6
75.6a
75.7a
73.7b
73.8b
74.7a
-1.2
74.4a
74.3a
73.7b
74.2a
74.2a
-2.4
0d
0d
0d
0d
0c
58.9
59.0
59.6
59.5
Means
LSD
G= NS
OS= 0.654**
G x OS= 1.787**
**P<0.01, NS: P>0.01 ¥Osmotic stress means and osmotic stress x genotypes interactions with
different letter of the column are significantly different.
TABLE 3
The relative water content in root (RWC) of Persian clover and fodder pea genotypes (G) exposed
to different water deficits induced by different contents of D-mannitol during germination.
Osmotic Stress RWC (%)
(OS, Ȍs)
Persian clover genotypes
(MPa)
Means¥
S
Y
AY
Kr
0 (Control)
72.6c
71.6d
73.7c
75.0c
73.2b
-0.3
78.7a
76.9b
78.4a
78.0b
78.0a
-0.6
80.0a
79.5a
78.1b
80.6a
79.6a
-1.2
0e
0e
0e
0e
0c
-2.4
0e
0e
0e
0e
0c
46.3
45.6
46.0
46.7
Means
LSD
G= NS
OS= 2.457**
G x OS= 2.453**
Osmotic Stress Fodder pea genotypes
(OS, Ȍs)
Tore
Ates
16-K
16
(MPa)
0 (Control)
72.2c
71.6c
73.0b
72.6b
72.4b
-0.3
76.3a
73.3b
72.8b
72.2c
73.7a
-0.6
75.4a
75.2a
73.7b
73.9b
74.6a
-1.2
73.5b
73.1b
75.2a
75.2a
74.3a
-2.4
0d
0d
0d
0d
0c
59.5
58.6
58.9
58.8
Means
LSD
G= NS
OS= 2.148**
G x OS= 1.574**
**P<0.01, NS: P>0.01 ¥Osmotic stress means and osmotic stress x genotypes interactions with different letter
of the column are significantly different.
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FIGURE 1
Shoot (SL) and root (RL) lengths of Persian clover seedlings exposed to iso-osmotic concentrations of Dmannitol. Different letters over the bars indicate statistically significant differences between the
experimental groups (**P<0.01, LSD). Error bars on each column indicate standard deviation from four
replicates. Seeds were not germinated in -1.2 and -2.4 MPa.
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FIGURE 2
Shoot (SL) and root (RL) lengths of fodder pea seedlings exposed to iso-osmotic concentrations of Dmannitol. Different letters over the bars indicate statistically significant differences between the
experimental groups (**P<0.01, LSD). Error bars on each column indicate standard deviation from four
replicates. Seeds were not germinated in -2.4 MPa.
fresh weights, shoot and root dry weights, relative
water contents of shoot and root, tolerance indices of
shoot and root in fodder pea and Persian clover
genotypes, and their interactions were all affected by
the different osmotic (drought) stress conditions. The
germination and seedling growth are considered the
most important stages for the establishment of forage

RESULTS AND DISCUSSION
The results of the statistical analyses for the
measurements investigated are given in Tables 1 to
3 and Figures 1 to 8. The final germination
percentages, shoot and root lengths, root and shoot
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crops such as clover species (Trifolium sp.) and
fodder pea etc. None of the Persian clover seeds was
able to germinate at -1.2 MPa and -2.4 MPa of Dmannitol, while the seeds of fodder pea genotypes
were not germinated at -2.4 MPa of D-mannitol. The
germination percentages were found to decrease
significantly at osmotic stress (P<0.05). The lowest
germination ratio (21.2 %) was obtained from
Persian clover genotype 'Kr' at -0.6 MPa osmotic
potential (Table 1). Fodder pea genotypes did differ
significantly however in their final germination
percentage (Table 1) and in the absence of Dmannitol this ranged from a low value of 94.0-95.5
% for pea genotypes '16-K' and '16' to a high value
of 98.6-99.3 % for genotypes 'Ates' and 'Tore',
respectively.
The highest germination ratio (63.9 %) was
found in the fodder pea genotype 'Tore', while the
minimum germination percentages were determined
in the genotypes '16-K' (44.7 %) and '16' (43.0 %) of
fodder pea at -1.2 MPa. Similarly, various researches
were generally found that as osmotic stress increased
the ability of the seeds to germinate was reduced [16,
18, 19, 20, 21].
D-mannitol caused a significant reduction for
all of the considered seedling growth parameters of
3HUVLDQFORYHUDQGIRGGHUSHDJHQRW\SHV:KHQȌs
was decreased to -0.6 MPa, lowest shoot lengths
(9.9-10.1 mm), root lengths (8.6-9.2 mm) and root
fresh weights (3.1-3.2 mg) values were measured in
Persian clover genotypes 'AY' and 'Kr' (P<0.01,
14

12.1a

Figure 1 and 3). The highest shoot fresh
weight (5.9 mg) and shoot dry weight (1.3 mg) were
obtained from Persian clover genotype 'S' (Figure 3
and 5), while genotype 'Kr' had a low root dry weight
(0.6 mg) at the same stress condition (Figure 5).
There were significant declines in shoot length,
root length, shoot fresh weight, root fresh weight,
shoot dry weight and root dry weight of fodder pea
genotypes between -0.3 MPa and -1.2 MPa osmotic
potential. However, the root length was longer than
shoot length in fodder pea genotypes under osmotic
stress and control but the root fresh and dry weights
were lower than shoot fresh and dry weights at these
conditions (Figure 2). The shortest shoot length (28.2
mm) and root length (47.6 mm) were measured from
fodder pea genotypes '16-K' and '16' at -1.2 MPa
osmotic potential (P<0.01). In comparison with the
fodder genotypes 'Tore' and 'Ates'; shoot fresh
weights (126.7-127.4 mg), root fresh weights (112.3113.4 mg), shoot dry weights (32.7-33.5 mg) and
root dry
weights (27.8-28.1 mg) of genotypes '16-K' DQGµ¶
were decreased under -1.2 MPa osmotic stress
condition (Figure 4 and 6). Growth of epicotyls,
turgor maintenance and osmotic adjustment in pea
plants subjected to water stress investigated by
Sánchez et al. [22] stated that growth of shoots was
dramatically reduced in the presence of osmotic
stress. Ahmad and Jhon [19] reported that increasing
osmotic potential levels up to 200 mM decreases the
root and leaf fresh as well as dry weights in pea.
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FIGURE 3
Shoot (SFW) and root fresh (RFW) weights of Persian clover seedlings exposed to iso-osmotic
concentrations of D-mannitol. Different letters over the bars indicate statistically significant differences
between the experimental groups (**P<0.01, LSD). Error bars on each column indicate standard deviation
from four replicates. Seeds were not germinated in -1.2 and -2.4 MPa.
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FIGURE 4
Shoot (SFW) and root fresh (RFW) weights of fodder pea seedlings exposed to iso-osmotic concentrations
of D-mannitol. Different letters over the bars indicate statistically significant differences between the
experimental groups (*P<0.05, LSD). Error bars on each column indicate standard deviation from four
replicates. Seeds were not germinated in Ȍs= -2.4.
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FIGURE 5
Shoot (SDW) and root dry (RDW) weights of Persian clover seedlings exposed to iso-osmotic
concentrations of D-mannitol. Different letters over the bars indicate statistically significant differences
between the experimental groups (**P<0.01, LSD). Error bars on each column indicate standard deviation
from four replicates. Seeds were not germinated in Ȍs= -1.2 and -2.4 MPa.
Tamartash et al. [23] emphasized that the
drought and salinity are the two preventive factors
for foliage production, due to their effect on seed
germination and seedling emergence in rangelands.
They, determined that the drought stress had a

significant reducer effect on percentage and speed of
germination, vigority index, stem and root length of
berseem clover (T. alexandrinum L.). Ebrahimi et al.
[1] studied the effect of drought and salinity stress on
germination of red clover (T. pratense L.), they
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measured that shoot length, root length, shoot and
root fresh weights at 16 bar of D-mannitol ranging
from 0.19 cm, 0.31 cm, 0.00106 g and 0.0043 g,
respectively. Many researchers [11, 16, 23, 24, 25,
26] found that root and shoot growths of some
leguminous plants was reduced under the effect of
osmotic stress. The results were similar to those
reported by this researcher.
There was significant osmotic stress,
interaction between osmotic stress and relative water
contents of shoot and root in all genotypes (Table 2
and 3). The effect of genotypes on relative water
contents in root and shoot were found to be not
significant (P>0.01). Osmotic stress treatment
caused a significant increase in relative water
contents of shoots and roots. The minimum relative
water contents in shoot and root were calculated for
Persian clover genotypes 'S' (65.2 %) and 'Y' (71.6

70

63.8a 61.9b

60

54.2d

55.9cd

57.5c 58c
48.8e

50

SDW, mg

%) at control (0 MPa). The fodder pea
genotype 'Tore' had the lowest relative water content
in shoot (71.4 %) at control (Table 2), whereas the
genotypes 'Tore' (72.2 %) and 'Ates' (71.6 %) had its
lowest relative water content in root at control, while
JHQRW\SH µ¶ KDG D ORZ UHODWLYH ZDWHU FRQWHQW LQ
root (72.2 %) at -0.3 MPa osmotic stress condition
(Table 3). Khan [28] and Romeroaranda et al. [29]
emphasized that the water content of crops become
more negative with an increase in osmotic stress.
Ahmad and Jhon [19] and Bajji et al. [9] stated that
the relative water content decrease gradually with the
increase of osmotic stress, whereas Ates and Tekeli
[16] reported that the shoot and root water contents
of Persian clover lines were not affected in osmotic
stress treatments. The results were not similar to
those reported by this researcher.
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FIGURE 6
Shoot (SDW) and root dry (RDW) weights of fodder pea seedlings exposed to iso-osmotic concentrations
of D-mannitol. Different letters over the bars indicate statistically significant differences between the
experimental groups (**P<0.01, LSD). Error bars on each column indicate standard deviation from four
replicates. Seeds were not germinated in Ȍs= -2.4.
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FIGURE 7
Tolerance indices of Persian clover shoot and root dry weights under -0.3 and -0.6 MPa (Ȍs). Different
letters over the lines indicate statistically significant differences between the experimental groups
(**P<0.01, LSD). Error bars on each line indicate standard deviation from four replicates.
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by osmotic stress conditions.
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CONCLUSIONS
It is concluded that the variation was observed
among the Persian clover and fodder pea genotypes
for the characters under osmotic stress treatments.
This stress treatments impaired germination, lengths
of shoot and root, fresh and dry weights of shoot and
root, shoot and root tolerance indices of Persian
clover genotypes (at -0.3 and -0.6 MPa) and fodder
pea genotypes (at -0.6 and -1.2 MPa) by reducing
seed imbibition. D-mannitol decreased germination
by a toxic effect only at -2.4 MPa osmotic stress for
fodder pea genotypes, whereas germination reduced
by toxic effect only at -1.2 MPa osmotic stress for
Persian clover genotypes. The germination ratios,
shoot and root lengths, fresh and dry weights of new
fodder pea genotypes 'Tore' and 'Ates', and Persian
clover genotypes 'Y' and 'S' were found to be higher
drought tolerance than other genotypes. These
genotypes can be used for plant breeding programs
on drought tolerance/resistance under environmental
problems such as drought in agriculture worldwide.
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FIGURE 8
Tolerance indices of fodder pea shoot and root
dry weights under -0.6 and -1.2 MPa (Ȍs).
Different letters over the lines indicate
statistically significant differences between the
experimental groups (**P<0.01, LSD). Error
bars on each line indicate standard deviation
from four replicates. NS: P>0.01, LSD.
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LIGANDED SILVER MESOCAGE COMPLEXES FOR
HEXAVALENT CHROMIUM ADSORPTION
Aravindh Selvaraj1, Periasamy Prabu1,*, Kalirajan Mohan1,
Indumathy Kumaravel2, Venkatachalam Rajendran1
Centre for Nano Science and Technology, K.S.Rangasamy College of Technology, Tiruchengode ± 637 215, Tamil Nadu, India
2
Department of Biotechnology, Bannariamman Institute of Technology, Sathyamangalam ± 638 401, Tamil Nadu, India.

1

[1]. Leather tanning consumes about 32% of total
world trade in chromium compounds. However, about
50% of chromium salts used in the production process
is disposed in tannery sludge or tannery wastewater.
Cr(VI) has many deleterious effects being toxic,
carcinogenic, and mutagenic to animals as well as
humans and is also associated with decreased plant
growth and changes in plant morphology [2].
The quest for novel and potential technology for
the remediation of Cr(VI) pollution can be sufficed by
the biotransformation ability of microorganisms.
Microbes have generally assumed to withstand heavy
metal concentration and they possess the ability to
resist and reduce the heavy metals. Bioremediation of
chromium results in the conversion of Cr(VI) to Cr(III)
and stabilizes it [3]. The bacterial exo polysaccharide
(EPS) are extracellular biopolymers composed of
carbohydrates and proteins as major constituents and
highly
stable,
non-toxic,
hydrophilic
and
biodegradable that attributes to the biofilm formation
[4]. EPS can form a biofilm that tolerate toxic metals
compared to free living forms [5]. Metals biosorped to
the exterior of bacterial cells often exceeds the amount
predicted about the charge density of the cell surface
[6]. These properties contribute to increased
biocompatibility and different chemical functionality
to the EPS thatcanact as scaffolds of 3D architecture
[7]. EPS molecules can also act as efficient reducing
agent through their sugar moieties and act as effective
colloidal stabilizers that can be used for the green
synthesis of nanoparticle [8, 9]. Earlier reports have
shown the ability of bacterial biopolmersto reduce
metal ions [10]. Current work Pseudomonas
aeruginosa STAP-KSR-S6 is isolated from tannery
leather sludge which has shown the ability to form
biofilm. Extracted EPS to reduce silver,
immobilization and reduction of toxic Cr(VI) by EPS
silver mesocages is been done in the present study and
are characterized by UV-Vis, FTIR Spectroscopy,
SEM with EDX and XRD. Further, Cr(VI) adsorption
experiments were performed in batch mode and the

ABSTRACT
Chromium (Cr) toxicity can result in ruinous
environmental ramifications. Cr(VI) is more toxic than
Cr(III) and can also pose many health hazards, since it
is not degradable and can bioaccumulate in the food
chain till the final consumer. An environmentally safe
solution to minimize the Cr toxicity has been proposed
in this current work. A native bacterium, Pseudomonas
aeruginosa STAP-KSR-S6 is isolated from tannery
leather scrap sludge which can biosynthesize
exopolymeric substance EPS (388.79±3.5mg.ml-1).
The bacterial EPS is used for silver reduction and
mesocage formation. EPS reduced silver mesocage
(EPS-SM) could be utilized for the sorption of Cr(VI).
The kinetics of EPS-SM composite formation is
deduced by varying the exposure time 4.488x10 -6 per
min at 428 nm with the grain size of EPS-SM has
47.5±32.8 nm by XRD, morphogenic shape by SEM
and organometallic complex by FTIR. Adsorption
isotherms of EPS-SM composite were described by
Langmuir isotherm model with K d value of 2107.5
ml.g-1 and adsorption capacity of 223.83 mg.g-1,
showing higher values compared to earlier reports. The
ultimate aim is to identify eco-benign biomatrices for
fasten Cr(VI) to reduce clandestine deployment
through leather scraps.

KEYWORDS:Pseudomonas aeruginosa, Exopolymeric,
Silver, Mesocage, Chromium, Adsorption.

INTRODUCTION
Anthropogenic ± industrial activity and natural
causes such as seepage form rocks, forest fires and
volcanic activity has lead to many hazardous metals in
the environment. Chromium is an essential
micronutrient but Cr(VI) is a carcinogen and toxic to
all life forms and it originates from industrial effluents
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Thermo, USA. X-ray diffraction is a
convenient method for determining the mean size of
nano crystallites in nano crystalline bulk materials
[14].

isotherms, kinetics calculations were evaluated [11,
12].
MATERIALS AND METHODS

Batch mode adsorption of Cr(VI) with EPS
reduced silver. Batch mode experiments was
conducted in glass conical flasks by shaking at 150
rpm in an orbital shaker. Each flask contained 1 g of
dried EPS reduced silver mesocages adsorbent and 100
ml of various concentrations viz. 0.025 g.mol-1, 0.05
g.mol-1, 0.075 g.mol-1 and 0.1 g.mol-1 of chromium
prepared with K2Cr2O7 taken at room temperature. 10
ml of sample were collected over the regular interval
of 5 min during the contact time and were centrifuged
at 2000 rpm for 10 min and the supernatant was
collected for Cr(VI) measurement. Hexavalent
chromium in the medium was determined by 1, 5diphenylcarbazide (DPC) method. DPC reagent was
prepared by dissolving 0.25 gm of diphenylcarbazide
reagent in 9.67 ml of acetone along with 330 μl of
concentrated H2SO4. The concentration of Cr(VI) with
1,5-diphenylcarbazide solution was determined using
UV±Vis spectrophotometer (Shimadzu UV1700,
Japan) at 540 nm. Kd was calculated to elucidate the
adsorption capacity of adsorbent towards Cr(VI).
Kd(ml/g) was calculated according to the following
equation,
Kd= ((Co ± Ce)/Ce) x (V/M)«««««««««(1)
where Co and Ce are amount of chromium sorbed and
remaining in the solution (mg/l) respectively, V the
volume of the liquid phase (ml) and M is the mass of
the solid phase (g). The stability of the adsorbent was
examined by dispersing 1% w/v of Cr(VI) loaded EPS
stabilized silver adsorbent in freshly prepared 100 mM
Phosphate buffered saline at different pH and kept for
60 min shaking at 120 rpm in room temperature. After
incubation the concentration of the liberated Cr(VI)
was analyzed [15]. Experiments have been done in
duplicate with average values.

Selection of the native bacterial strain from
modified composting. Samples were collected from
the EKM Leather Processing Co., in Erode (Latitudes
11º36¶61´.93; Longitudes 77º70¶13´.34), India and
examined using epi-fluorescence microscopy (Nikon
Eclipse E600) after staining with 10 μl of Acrydine
orange (0.01% w/v in PBS pH 7.2) ImageJ 1.42q (NIH,
USA). Screening of EPS producing bacteria from
various samples based on relative abundance was
carried out on a specially prepared solid medium
containing brain heart infusion substrate with congo
red stain. A Positive result is indicated by black
colonies with a dry crystalline consistency. The
adhesion of cells to hydrocarbon droplets was adopted
to evaluate their relative hydrophobicity (BATH test)
for all bacterial isolates. The partially purified EPS was
estimated using phenol sulphuric acid procedure with
glucose as standard [9]. Isolate showing high EPS was
used for further experiments.
Molecular identification of putative isolate.
Total genomic DNA was extracted as per instruction
of (SLFHQWUH0DVWHU3XUH&RPSOHWH'1$DQG51$
Purification Kit and 16S rDNA was amplified as
recommended by the manufacturer (Ampliqon A/S
Denmark). The rDNA gene (about 1500 bp) of the
isolated bacteria was sequenced at Macrogen (Seoul,
Korea). The obtained partial 16S rRNA gene
sequences were matched and identified with
previously published sequences available in NCBI
(National Council for Biotechnology Information)
GenBank using BLAST [13] and were deposited in the
NCBI Genbank nucleotide sequence database for the
accession number.
Synthesis and characterization of EPS
bioreduced silver mesocages. Screened bacterial cell
free supernatant containing EPS(~100 mg.ml-1) was
blended with 1 mM of AgNO3 and incubated at room
temperature. The reaction was observed continuously
till the reduction which was identified by the
appearance of the golden yellowish color of silver and
was analyzed with UV-Vis spectroscopy (Shimadzu
UV1700, Japan) and recorded. Surface functional
groups and its interactions during the reduction of
silver ions was analyzed using FTIR Schimazdu
8400S, Germany. Size and morphological distributions
was analyzed with SEM and XRD. Scanning electron
microscope (SEM) images was obtained on a Hitachi,
Model: S-3400N equipped with energy dispersive
spectroscopy (EDS), Peltier cooled X-ray head from

RESULTS AND DISCUSSION
Isolation and identification of indigenous
bacterial strain. Epi-fluorescence microscopical
image stained with Acrydine orange (0.01% w/v) and
a mixed microbial consortium was observed (Figure
1). The putative isolate STAP-KSR-S6 which is one
among 7 colonies developed from mud tan sludge
sample which forms round, smooth bluish green
colonies with entire margins and convex elevations
(Table 1). Various biochemical and physiological tests
showed that the organism belongs to Pseudomonas
aeruginosa according to Bergey's Manual of
Determinative Bacteriology (Table 2). 16S rRNA
6031
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partial sequencing and analysis of the isolated bacterial
species aids in the definite identification of the mud
tannery sludge isolate STAP-KSR-S6 as P.aeruginosa
[3]. Occurrence of P.aeruginosa in tannery waste
sources has already been reported by Viral et al. 2014.

The gene sequence was submitted to
GenBank with KM258879. The isolate showed 98%
homogeneity to P.aeruginosa strain FPVC25
(Accession no: JQ660578.1) on BLAST [16].

FIGURE 1
Epi-fluorescence microscope image of mud tannery solid sludge stained by Acrydine orange dye
(0.001% w/v) after compost process showing the presence of mixed microbial consortium.
TABLE 1
Total viable count and its relative abundance from tannery sludge samples
Aerobic bacterial count
[cfu.g-1]

Tannery solid sludge samples
STAP ± KSR ± Chock sediment
STAP ± KSR ± Tan mud sludge
STAP ± KSR ± Tan water sediment
STAP ± KSR ± Dried tan mud sludge
STAP ± KSR ± Primary clarifier sludge

3.2x103±1.29
3.6x109±1.21
3.3x108 ±1.27
2.9x106 ±1.56
2.4x104 ±1.78

Relative abundance
(RA) of isolated
colonies
4
7
6
3
3

TABLE 2
Biochemical identification results of mud tan solid sludge isolates
Biochemical identification
tests
Pigmentation
*UDP¶VUHDFWLRQ
Motility
Indole
MR-VP
TSI - H2S production
Citrate
Urease
Catalase
Oxidase
Biofilm
Glucose fermentation
NO2 reduction

STAP-KSR-Raw tan mud sludge aerobic bacterial count
3.6x109±1.21 cfu.g-1
S1
S2
S3
S4
S5
S6
S7
No
Pale
White
No
No
Brown
Pale
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
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is 4.488x10-6 per min for EPS of ~100
mg.ml-1 (Figure 3). The interaction of silver with the
surface functional groups of the EPS was analyzed
using FTIR. The unreacted pure EPS showed peak
positions at 3390 cm-1 of the OH stretch, 1640 cm-1 of
C=O of amides I, 1520 of N-H and C-N in C-O-NH-C
(Amide II) and peaks at 1110 cm-1 of C¼O moieties
(carboxylic acids, carboxylates, esters, carboxyl or
amides). The band at 619 cm-1 and 1110 cm-1
corresponds to polysaccharides C-O-C and C-O-P
rings. Once the EPS was allowed to react with silver in
the solution phase, the bands showed a shift in the peak
due to interaction with the functional groups in the
EPS. There has been a major shift in the band from
3560, 1520, 1400 cm-1 and 619 cm-1 to 3540, 1510,
1390 cm-1and 621 cm-1, respectively. These shifts in
the peak clearly indicates the possible interaction of
silver with the C-O-C and OH group of the EPS. The
2520 cm-1 band showed a higher shift to 2940 cm-1
indicating that the triple bond carboxylate group is
highly involved in the bonding with silver (Figure 4)
when compared with the earlier reports [9].
FTIR spectrum of Cr(VI) tethered in reduced
silver stabilized EPS showed peak positions at
1096cm-1 of the C-O-C stretch. There was a major shift
in the band from 3540, 1510, 1390 cm-1 and 621cm-1 to
3755, 1632, 1406 cm-1 and 890 cm-1, respectively.
These shifts in the peak clearly indicate the possible
interaction of silver with the C-O-C and OH group of
the EPS. The 2360 cm-1 band showed a higher shift to
2113 cm-1 indicating that triple bond carboxylate group
is highly involved in the bonding of Cr(VI). This
indicates the possible interaction of Cr(VI) with C-OC and OH group of EPS reduced silver stabilized
mesocages [20].
XRD pattern confirms the crystalline nature of
the samples. A sharp intensive peak observed at
diffraction angle (2ș) of 17.725º is highly specific for
the crystalline nature of silver samples. The XRD
pattern shows three peaks at 2ș value of 17.725º,
37.043º and 45.312º indicates the planes [002], [101]
and [103] respectively. Peaks of the EPS stabilized
reduced silver mesocage has well correlated with the
hexagonal structure with P63/mmc [194] ICSD #
 6FKHUUHU¶V Iormula has been used to obtain
grain size of the sample is 47.5±32.8 nm [21].
EPS structure, shape, porosity, and size of organo
biopolymeric EPS and EPS stabilized silver have been
studied using SEM (Figure 5). EPS was highly porous
and appeared like an absorb substrate (5a). EPS
stabilized silver was below 100 nm and spherical in
shape and EDX spectroscopy clearly showed the
presence of reduced silver and organic carbon in silver
mesocages (5b). EPS tailored silver mesocages with
crystalline Cr(VI) was confirmed with strong affinities
(5c).
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FIGURE 2
Exopolymeric substances concentration and
Bacterial hydrophobicity in all isolates.
Selection of the putative bacterial strain by
BATH test. P.aeruginosa showed 57.82% of
hydrophobicity than other isolates. Bacteria and other
microorganisms, including viral particles, have
evolved many different ways to use the hydrophobic
effect in order to adhere to substrate [17, 18].
P.aeruginosa secreted 388.79±3.5 mg.mL-1 of crude
EPS. The majority of the microbial EPS are
polyanionic in nature due to the presence of
polysaccharides, proteins, uronic acids, and traces of
inorganic phosphates. Alginate (2.37x106 g.mol-1)
represents the high-molecular weight fraction of the
EPS, indicating its function as a structural element in
network formation (Figure 2). Functional groups in
alginate of P.aeruginosa attributes for the electrostatic
attractive forces and interactions [4]. These properties
of EPS has been exploited for the reduction of silver.
Synthesis and characterization of EPS
bioreduced silver mesocages. UV absorption spectra
of the silver reduced using EPS clearly indicated the
formation of silver nanoparticle and the surface
plasmon resonance (SPR) band of reduced silver using
EPS were located at 428 nm. The kinetics of the EPS
stabilized silver reduction was calculated and found to
follow first-order rate kinetics. The rate constant K,
was determined by fitting the exponential data to the
first order rate kinetics equation [19].
ln(A-At) = ln(A-A0) ± Kt«««««««««(2)
Where t is the time and At, A0 and A, are the
absorbance at time t, time zero and time infinity.
The rate constants (K) for the reduction of silver
calculated from the slope of ln(A-At) versus time plot
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FIGURE 3
Absorption spectra of silver reduction by bacterial EPS in time intervals. Growth kinetics and the
evolution of surface plasmon absorbance with time ± in set time dependent changes of absorbance at
respective nm.

FIGURE 4
FTIR analysis of partially purified bacterial EPS and EPS reduced silver. As such bacterial EPS (A), EPS
reduced silver, using ~100 mg.ml-1 of EPS (B) and Cr(VI)-EPS-silver mesocages (C). Powder XRD image of
EPS Silver mesocage confirms the presence of silver (PCPDFWIN: 87-0598)

FIGURE 5
(a) Scanning Electron microscopic image of partially purified bacterial EPS from Pseudomonas aeruginosa
STAP KSR S6; (b) EPS reduced silver mesocages and EDX; (c) EPS tethered Silver mesocages with
crystalline Cr(VI) that substantiate the affinities.
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and adsorbate in adsorbent. The Kd value of
EPS silver for Cr(VI) adsorption was 2107.5 ml/g.
Removal data have fitted onto Langmuir isotherm
represented by the following equation,

Batch mode adsorption of Cr(VI) with EPS
reduced silver. Initial adsorption studies was carried
out to deduce the adsorption efficiency of EPS reduced
silver nanoparticles towards hexavalent chromium in
batch mode. The bacterial EPS stabilized silver
showed maximum Cr(VI) removal of 93.26±0.22 per
cent, whereas control as such EPS could remove by
precipitation only about 50 per cent approximately
with 0.1 g.mol-l of Cr(VI) at 90 min time duration.
Hence stabilization of EPS from P. aeruginosa STAPKSR-S6 strain onto silver increased the adsorption of
Cr(VI) by 43.26%. Based on this result further
experiments were carried out only with EPS stabilized
silver. The Cr(VI) uptake by EPS silver has found to
increase with contact time and remained constant after
equilibrium (Figure 6).
The percentage removal increased from 59.11 to
93.26 on increasing the contact time from 10 to 90 min.
However,as the concentration of Cr(VI) was increased
from 0.025 to 0.1 g.mol-l, the percentage removal
decreased from 99.26 to 93.26. The initial rapid phase
of adsorption may be due to increased number of
vacant sites available for adsorption at the initial
stages; as a result, there exists an increased
concentration gradient between adsorbate in solution

«««««««««««(3)
Where Ceis the concentration of Cr(VI) solution (mg/l)
at equilibrium, the constant Cm signifies the adsorption
capacity (mg/g) and aL is related to the energy of
adsorption (l/mg). Linearity of the plots (R2)
indicates that Cr(VI) adsorption which follows
Langmuir isotherm model. Values of Cm and aL have
calculated from the slope, intercept of the Langmuir
plot, and compared with the other adsorbents (Table 3).
Cr(VI) adsorption capacity (mg.g-1) and energy of
adsorption (aL) for EPS reduced silver were found to
be 223.83 mg.g-1 and 0.306 L.mg-1 respectively (Table
3). EPS stabilized silver mesocages has been found to
be superior to many earlier reported adsorbents.
Desorption study for the reuse of adsorbent
reveals a minor augment in removal efficiency for pH
6.0>6.5>7.0 (Table 4) due to the surface protonation of
the adsorbent [22].
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Percentage of Cr(VI) adsorption in EPS-silver mesocages at various concentration of Cr(VI).
Distribution co-efficient (Kd) of Cr(VI) adsorption. Adsorption capacity (qe) of Cr(VI) adsorption;
Langmuir adsorption isotherms of Cr(VI).
TABLE 3
Langmuir adsorption isotherms results of the EPS reduced silver for Cr(VI) removal.

Cr(VI)
Cr(VI)

Langmuir adsorption isotherm constant
Cm (mg.g-1)
aL (L.mg-1)
223.83
0.306
83.33
0.125

RL=1/1+Qob
0.367
6.50
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CONCLUSION
A green chemistry approach for the adsorption of
Cr(VI) from the tannery sludge waste has been
developed in the present work. A native bacterium,
Pseudomonas aeruginosa STAP-KSR-S6 was isolated
from mud tannery sludge and was utilized for the
synthesis of EPS. The bacterial EPS has the capability
of reducing and stabilizing the silver salt solution and
produces 3D network of silver mesocages with the
average diameter of 47.5±32.8 nm. The EPS stabilized
silver mesocages was utilized for the sorption of
chromium from the tannery sludge. The adsorption
isotherm experiments revealed that K d value of EPS
silver for Cr(VI) adsorption was 2107.5 ml.g-1 and
adsorption of Cr(VI) has fitted well with the Langmuir
isotherm model. The maximum adsorption of Cr(VI)
was found to be 223.83 mg.g-1 .
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NGOS FOR ENVIRONMENTAL SUSTAINABILITY:
THE CASE OF KUZEYDOGA FOUNDATION
Ulas Akkucuk1,*, Cagan Hakki Sekercioglu2,3,4
1

Bogazici University, Department of Management, Istanbul, Turkey
Department of Biology, University of Utah, Salt Lake City, UT, USA
3
.X]H\'R÷D6RFLHW\.DUV7XUNH\
4
&ROOHJHRI6FLHQFHV.Ro8QLYHUVLW\5XPHOLIHQHUL6DUÕ\HUøVWDQEXO7XUNH\
2

value concept is growing every day, it is also to the
benefit of companies to have good relations with the
societies and organizations working towards the
benefit of the environment [2]. Within the concept of
³(WKLFDO *OREDOL]DWLRQ´ JOREDO FRPSDQLHV HPSKDVL]H
sustainable
development
and
increase
the
collaboration with not for profit organizations or
NGOs [3].
In one study conducted in Turkey among 196
volunteer based environmental conservation societies,
the members of the societies were asked to rate the
importance of global environmental problems over a
five point scale [4]. Of the 82 organizations who
responded to the survey, misuse of natural resources
was noted as being the most important problem with
an average rating of 4.83. Other than this global
warming was rated as 4.80, water pollution was rated
as 4.79 and reduction of biodiversity was rated as 4.78.
It is clear that these environmental problems need to be
addressed by the appropriate civil society
organizations.
Founded in the year 2007 by Dr. Çagan Hakki
Sekercioglu, KuzeyDoga Foundation (the name of the
foundation derives itself from the Northeast of Turkey
where it is located) has contributed to the wildlife and
ecological conservation of the Kars area and has
undertaken projects which have brought significant
attention to the ecological problems in Turkey. The
area where KuzeyDoga is located, shown in Figure 1,
is home to a very diverse population of wildlife,
especially birds. Birds are noted as being one of the
most diverse groups of ecosystem service providers,
whose ecological functions range from creating soil to
shaping primate behavior [5-7].
KuzeyDoga Foundation works in close
cooperation with the local university (Kafkas
University of the city of Kars) on many different
projects. Especially, the society provides the students
of the Faculty of Sciences Veterinary Department
students with the ability to do field studies in
ecological research, improvement of wild life and
biodiversity monitoring. KuzeyDoga in conjunction

ABSTRACT
The
importance
of
volunteer-based
environmental organizations is increasing throughout
the world and in Turkey. Globally, there is a large
number of NGOs operating in the field of
environmental conservation. KuzeyDoga Society
operating in Kars since 2007 is one of these
institutions. The purpose of this paper is to examine the
KuzeyDoga Society in terms of its conservation related
activities. The activities of the foundation have been
examined primarily through the organization¶s web
sites, publications, social media presence, news stories
about the organization and interviews with the
founder. The analyses have shown that the activities of
the organization range from leading the creation of
Turkey¶V ILUVW ZLOGOLIH FRUULGRU to lobbying for the
declaration of Kuyucuk Lake as a European
Destination of Excellence (EDEN). The society has
succeeded in marketing the conservation message to a
broad audience through the effective use of traditional
and social media outlets. KuzeyDoga provides a good
case study of the conservation marketing strategies of
a small but effective nongovernmental organization
that is rarely seen in Turkey.

KEYWORDS:
(QYLURQPHQW 6XVWDLQDEOH 'HYHORSPHQW 1*2¶V 6RFLDO
Media, Turkey

INTRODUCTION
Not for profit organizations and civil society
organizations, also known as the third sector, are
outside of governmental organizations and the private
sector and work towards a common goal by seeking
the contributions of volunteers [1]. Environmental
conservation is one of the key areas where
nongovernmental organizations are doing considerable
amount of work in. As the importance of sustainable



6038

© by PSP

Volume 25 ± No. 12a/2016, pages 6038-6044

Fresenius Environmental Bulletin


biodiversity of the Turkish Northeast area
and the idea that through preservation humans will also
be able to receive rewards as much as the wildlife. To
this effect the society conducts training sessions and
research studies aimed at increasing the capacity of
nature tourism in order for the local residents to earn
an income. Especially the society focuses on
developing the local tourism in terms of the bird
watching, mammal watching and other wildlife
observation related touristic endeavors. In addition to
these the society strives to increase the role of the
private sector in biodiversity preservation and the
proliferation of society based nature preservation
campaigns.
Environmental organizations play an important
role in terms of raising public awareness about
environmental issues, protecting habitats and lobbying
the governments in order to enact environmentally
friendly legislation. A large number of studies have
been carried out about Environmental NGOs or
ENGOs, both in terms of local organizations and
global organizations. ENGOs were particularly able to
influence policy outcomes by lobbying government
delegates, by co-operating with developing countries
and by mobilizing public pressure [11]. There are
demonstrated cases of how environmental NGOs were
able to apply pressure to political bodies and were able
to effect international legislation, one such case being
the promoting environmentally sound practices by
tuna fishing fleets in the eastern Pacific Ocean [12].
In terms of analyzing the impact of ENGOs
around the globe, a number of research studies coming
from Africa, China and Europe are encountered in the
literature. Derman [13] demonstrated three case

with Kafkas University faculty and staff has conducted
research and educational projects with the
participation of over 500 students. The society has also
accomplished projects in ecological tourism, wildlife
improvement and village tourism development.
Even though the society is supported mostly by
environmental grants and by the help of volunteers, the
society can also participate in government tenders as a
legal entity, and can perform fund raising activities by
printing calendars, carrying out nature excursions and
other ecotourism activities.
In 2009 the society made an application on behalf
of the city of Kars and obtained the European
Destination of Excellence (EDEN) designation
together with a number of other European wildlife
sanctuaries such as The Bird Republic Warta Mouth
(Poland), The Ebro Delta (Spain) and 20 other
destinations all over Europe. EDEN is the most
reputable tourism brand of the European Community
and the representative from Turkey is Kars
KuzeyDoga Society. The society represents Turkey in
the annual meeting of EDEN and the planning of the
national and international activities involving the
marketing of the natural beauties of the Kars area. The
society also worked on tagging the wild animals by
electronic devices meant to study the areas where they
travel, in a project aimed at developing the first
Wildlife Corridor of Turkey [8, 9].
In not for profit organizations the concept of
³PDUNHWLQJ´ LQYROYHV GHYHORSLQJ LPSOHPHQWLQJ DQG
controlling programs aimed at spreading a socially
beneficial cause, service, product or application among
the target population [10]. In the case of KuzeyDoga
Society the social benefit is the protection of the

FIGURE 1
Geographic locations KuzeyDoga has operations on
(source:www.kuzeydoga.org)
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Mexico and Venezuela that are based on
surveys, staff interviews, and secondary sources.
Also, in a different perspective, governance and
legitimacy issues in the case of ENGOs whose annual
turnover exceeds 15 million Euros, have been
discussed by some academic research studies [20]. As
the staff and total turnover of KuzeyDoga are limited
currently, governance and legitimacy are not much of
a concern. However, as the society currently can bid
for contracts to deliver components of development
projects, accountability and governance issues may be
important. ENGOs may play critical roles in supplying
data and assessing the impact of planned projects,
accountability in the eyes of public and government
bodies will be an important issue.
We could not locate any studies in the literature
concerning KuzeyDoga society as an NGO, although
WKHVRFLHW\¶VQDPHDSSHDUVLQPDQ\SXEOLFDWLRQVZLWK
credit regarding the data collection [21]. To name a
few studies that have been conducted in Turkey on
Environmental NGOS, one dealt with the ENGOs in
terms of sustainable tourism development [22], one
WDONHGDERXWWKHPDMRUHQYLURQPHQWDO1*27(0$¶V
(Turkish
Foundation
for
Erosion
Control,
Afforestation and Nature Protection) legal efforts in
stopping a dam project [23] and one studied the social
marketing campaigns of Turkish ENGOs [24].
In this research study firstly the importance of
sustainable tourism for Turkey will be discussed. After
that the role of KuzeyDoga Society in terms of
developing and implementing ecological tourism
programs will be elaborated. Lastly the use of social
media and public relations by the society to achieve the
goals of wildlife preservation will be mentioned.

studies exploring the challenges of repossession of
critical environmental resources by marginalized
communities in the context of State and NGO
relationships where international tourism is a revenue
generator for both the private sector and government in
=LPEDEZH'HUPDQVWDWHV³,QH[DPLQLQJWKHLQWHUSOD\
of environment, human rights, governance, and
development there are no models to be borrowed from
WKHLQGXVWULDOL]HGQDWLRQ´KLJKOLJKWLQJWKHLPSRUWDQFH
of studying successful ENGOs in different parts of the
world.
Some studies focused on specific types of
campaigns. Heard and Richards [14] studied the role
of environmental NGOs in the development and
implementation of EU marine policy. Surveys sent to
430 MENGOs (Maritime ENGOs) revealed insights
into the choice of campaign tactics and the perceived
benefits of collaboration. It was observed that the
ENGOs perceive Media Exposure as the most effective
tactical approach in terms of achieving their goals,
followed by political lobbying and scientific research.
It was also observed that the ENGOs spend most of
their effort in Habitat Protection followed by
Conservation of Mammals.
Since China has been experiencing rapid
deterioration in its environment in the last three
decades a large number of studies in the literature
focused on China. Tang and Zhan [15] studied a
specific type of environmental NGO classified as Civic
NGOS (as distinct from Governmental and Student run
NGOs) and provided a comparison of these
organizations to similar organizations in other
countries. Lu [16] also mentions the success of many
high profile campaigns by Chinese NGOs. To name
two examples; in 2003 NGOs successfully lobbied
against a planned dam near Dujiangyan, an ancient
irrigation system that has been designated a World
Heritage site, and in January 2005, when the State
Environmental Protection Agency (SEPA) faced
severe pressure from powerful state-owned
corporations after it ordered a halt to 30 large
infrastructure projects because of a failure to conduct
environmental impact assessment, 56 environmental
1*2V VLJQHG DQ RSHQ OHWWHU VXSSRUWLQJ 6(3$¶V
decision, and . However it was also stated that the
Chinese NGOs focused on the local visible problems
rather than the global issues like climate change. In
another study Lin [17] has focused on anti-dam
movements and ENGOs in China. The relationships of
Chinese NGOs and the state environmental protection
system have been studied by Schwartz [18].
Besides these geographical areas, Price [19] has
studied environmental NGOs in Latin America,
examining the reasons for their growth, demonstrating
the effect of the movement with case studies from



SUSTAINABLE TOURISM FOR TURKEY
The tourism revenues of Turkey have increased
dramatically over the last decade. In the year 1980
there was barely over one million tourists in Turkey.
The same number has reached over 30 million by 2013.
Tourism revenues have exceeded 22 billion dollars and
now this source has become an important part of the
foreign exchange resources of Turkey. On the
contrary, while tourism revenues are increasing and
total number of tourists has increased, the per capita
tourist expenditures are not very high. Sustainable
tourism in this respect can bring tourists who are
willing to spend more. Ecotourism can also be a
vehicle for community-based conservation if it is
conducted with an emphasis on the well-being of local
ecosystems and human communities [25].
In order to increase the per capita tourist
spending, the deficiencies of Turkish tourism industry
need to be determined. The Tourism and Travel
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Industry report prepared by the World Economic
Forum in 2013 contains information that could shed
light on this. This report shows that the most
problematic area of Turkey is sustainable tourism. This
report uses 79 indicators and ranks countries according
to these indicators and also includes an overall rating.
In the overall ratings, Turkey ranks 46th. There is
considerable variation among the rankings in other
indicators, specifically;
x Cultural Heritage: 19
x Transportation Infrastructure: 29
x Tourism Infrastructure: 45
x Information and Communication: 71
x Safety and Security: 79
x Environmental Sustainability: 95
It is seen that in the environmental sustainability
dimension Turkey ranks the lowest. In addition, the
Environmental Performance Index (EPI) prepared by
the Yale University (http://epi.yale.edu/epi) ranks
Turkey at the 66th position in 178 countries. With
respect to the different dimensions of the Yale EPI
Turkey ranks are given below (out of 178 countries if
not indicated);
x Biodiversity and Habitat: 133
x Water Resources: 42
x Agriculture: 125
x Forests: 38 (out of 137)
x Fisheries: 70 (out of 134)
x Climate and Energy: 76
x Health Impacts: 100
x Air Quality: 74
x Water and Sanitation: 53
As it can be seen Turkey ranks the worst with
respect to Biodiversity and Habitat once again
emphasizing the need to increase the attention to this
QHJOHFWHG DUHD $V DQ H[DPSOH 7XUNH\¶V neighbors
Greece ranks 77 and Bulgaria ranks 71. It is also
important to note that the position of Turkey in the
overall index has dropped from 49 in 163 countries in
2006 to 66 in 178 countries in 2014. Economic benefits
of tourism in protected areas in other countries have
been demonstrated [26]. It is also observed that people
who see greater potential for restorative experiences in
natural environments also do more to protect them by
behaving ecologically, as with recycling or reduced
driving [27]. Any investment and development in the
biodiversity and habitat dimension and in the other
environment related dimensions would also definitely
cause per capita tourist revenue to rise in the future
years, as well as causing the total number of tourists to
increase and promoting environmentally conscious
behavior among the tourists in the future.



ECOLOGICAL TOURISM
KuzeyDoga society has designed some
ecological tourism products in order to foster
sustainable touristic expeditions in the region.
According to the design the Kuyucuk Lake Tourism
product has two important components:
x Attraction Component
x Service Component
The attraction component carries the activities of
ecosystem observation (such as bird watching) and
research related activities. The second component
Service includes lodging (hotels, pensions, and
houses), transportation, food and drinks, catering and
support services (such as guides).
The most important elemeQWLQWKH³observatiRQ´
activity is to carry out the observations so that they are
not harmful to the wildlife (not getting too close to the
flamingos) but also they are efficient for the tourists
(not involving lengthy waits best visual conditions
etc.). In order to accomplish this, the required technical
infrastructure (such as bird watch towers with
binoculars) needs to be planned. In planning the times
and zones for the expeditions scientific data should be
used. The waste generated in the expeditions, health
services and walking paths should be planned.
In parallel with the aforementioned observation
component the service component should deal with
catering, lodging and other services that can augment
the basic tourism product. These augmentations can be
in the form of souvenir shops selling local food stuffs
(such as cheese) or handcrafts. For the local produce a
³/RFDO6XSSO\&KDLQ´QHHGVWREH established giving
priority to acquiring the handcrafts and foodstuffs from
the closest villages and making sure the producers get
a fair share of the sales proceeds. Design and
packaging of the products should be compatible with
the environmental sustainability message the society
wishes to disseminate.
Also part of the Tourism Product Development,
effort needs to be spent to manage ay potential
conflicts and discrepancies. Since the purpose is to
generate a sustainable touristic product the process
must involve the local opinion leaders and
stakeholders including any other civil society
organizations.
In general, the sustainable touristic product must
EH³VHOODEOH´DQGthe positioning of the product among
other similar products in the market must be correctly
established. Those consumers who have purchased
similar products need to be aware of the availability of
the sustainable tourism alternatives that exist in the
Kars area. An integrated communications strategy to
reach those customers and inform them about the
products in the area will need to be developed. In this
sense KuzeyDoga uses its social media tools, ever
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x 25 times in printed foreign media
x 578 times in printed national media
x 1,121 times in printed local media
x 25 times in national radio broadcasts
x 7 times in international radio broadcasts
x 89 times on national TV
x 54 times on local TV
/DVWO\ WKH ³6DYH WKH $UDV 5LYHU %LUG 3DUDGLVH´
campaign has appeared in an article in the National
Geographic magazine and thus reached 8.3 million
subscribers [28]. In addition the news items and
interviews about the society are simultaneously
broadcast via the social media tools of the society like
YouTube channels, Facebook page, Instagram and
others.
Internet and particularly the social media have
been very instrumental to the NGOs in terms of
spreading their messages about the environmental
conservation projects. The prevalence of social media
in Turkey has prompted the marketing functions of
companies and NGOs to use this media more
effectively. In terms of the number of users of
Facebook, Turkeys ranks 6. With over 32 million users
after US, China, Brazil, India, Indonesia and Mexico.
In terms of Twitter use four Turkish NGOs stand out
with number of followers ranging from 140 thousand
to 250 thousand. These are Greenpeace Turkey,
Engelleri KDOGÕU (Get Rid of the Disabilities), AKUT
and Turkish Red Crescent societies.
Similar to the developments in Social Media use
in the rest of the world, social media is being used
extensively by private companies and by not for profit
organizations in order to reach supporters and to spread
the conservation campaigns. KuzeyDoga Society
actively uses their website in addition to popular social
media sites like Facebook, Twitter, Instagram, Vimeo,
YouTube and Change.org.
Using these tools some campaigns are
administered and popular support for environmental
campaigns builds up very fast due to the viral spread
of the messages. The campaign to stop a planned
Tuzluca Damn project on the Aras River Bird Paradise
became very popular and the change.org campaign
(www.change.org/aras) reached nearly 60,000
signatures (63,127 precisely) by September 27, 2016.
At the same date the number of Twitter followers was
4,627, the number of Facebook followers was 7,433.
Considering the fact that KuzeyDoga Society is
located in the city of Kars with a population of 300
thousand and a workforce of four employees, the social
media use profile seems to be outstanding.

increasing media coverage and other professional
services to help the local tourism as much as possible.
In order to make the product sustainable, a local
organization other than KuzeyDoga society will need
to be established so that the capacity of the touristic
expeditions can be expanded. Also this local touristic
expedition should be seen as part of the overall tourism
strategy of the Kars area including historical ruins,
congress tourism, skiing tourism and should be
coordinated and integrated with the overall effort in
order to attain maximally beneficial results.
To give a concrete example to the ecological
tourism initiated by KuzeyDoga society, we could talk
about the joint effort by KuzeyDoga and American
civil society organization HasNa (www.hasna.org).
KuzeyDoga teamed up with HasNA between 15-19
May 2010 and undertook raining in ecological tourism
in the Kuyucuk area villages. The training included
courses in communication and sustainable ecology. All
the nearby villages of the Kuyucuk Village were called
for the training and in the end a total of 60 people
MRLQHG IURP %X\XN &DWPD 'XUDNOÕ and Kuyucuk
villages. The main aim of the training activities was to
teach the residents around Kuyucuk Village how they
could preserve their natural and cultural heritage and
also at the same time improve their economic wellbeing. The Kuyucuk Lake area has enormous potential
both in terms of wildlife observation and cultural sites
and teaching the villagers how best to benefit from
these resources would be extremely valuable to the
residents. The ultimate aim is to provide a source of
income without destroying the natural habitat. The
training seminars were conducted from faculty and
specialists from the United States, Canada and Turkey.

PROMOTION TOOLS
In order to effectively market the Social
Product/Service promotion is very important for not
for profit organizations. Since TV ads and newspaper
ads are quite expensive these are not useful types of
media for small environmental NGOs. In addition to
being expensive they could also cause a backlash in the
audience of interest. Using public relations effectively
by appearing in the respectable members of the print
media or broadcast media through creating
newsworthy events, appearing in talk shows or news,
reduces the negative effects of paying for ads and also
disseminates the messages very well.
In this respect KuzeyDoga Society has been in
many news columns and the causes that the society
strives to further have appeared in best-selling
newspapers and TV shows with high ratings. During
the years 2008 to 2012 KuzeyDoga has appeared
numerous times in the foreign and local media;
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9(4), 82-103.
[13] Derman, B. (1995) Environmental NGOs,
Dispossession, and the State: The Ideology and
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Human Ecology, 23(2), 199-215.
[14] Richards, J. P. and Heard, J. (2005) European
Environmental NGOs: Issues, Resources and
Strategies in Marine Campaigns. Environmental
Politics, 14(1), p. 23-41.
[15] Tang, S. Y. and Zhan, X. (2008) Civic
Environmental NGOs, Civil Society, and
Democratisation in China. The Journal of
Development Studies, 44(3), 425-448.
[16] Lu, Y. (2007) Environmental civil society and
governance in China. International Journal of
Environmental Studies, 64(1), 59-69.
[17] Lin, T. C. (2007) Environmental NGOs and the
Anti-Dam Movements in China: A Social

CONCLUSION
As the environmental problems keep growing,
the burden of promoting sustainable use of natural
resources and preserving the environment falls on
everybody. In doing this, the triple bottom-line
approach which consists of social equity, economic,
and environmental factors, which could be
VXPPDUL]HGDV³3HRSOH3ODQHWDQG3URILWV´VKRXOGEH
the guideline [29]. If we analyze the activities of the
KuzeyDoga society in light of the three pillars of the
triple bottom-line approach:
x Ecotourism helps the local population and
creates employment and a way to market local artefacts
and products (PEOPLE)
x The wild life sanctuaries are protected,
campaigns against projects that could potentially
destroy the habitats keep the public attention on the
area (PLANET)
x The society is self-sufficient, draws funding
from national and international grants, can make
money from activities such as printing calendars and
small contract work in the wildlife preservation areas
(PROFITS)
The main contribution of this paper is to serve as
a case study to shed light on the activities of a
successful environmental preservation society so that
other similar societies can benefit from the best
practices. In this context, the activities of the
KuzeyDoga society have been examined under two
main headings:
x Ecological tourism development
x Campaign management by using social media
channels
As a possible shortcoming of the study we should
state that the study covers the activities of only one
environmental NGO. In order to enhance the study,
other NGOs in Turkey or in Europe could be studied
and comparisons could be made. The development and
marketing of the social/sustainable products or
services and promoting these products/services by
social media channels will surely deserve ever
increasing attention in the future.
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proteins, heat shock proteins [4,5] and
photosynthetic activity [6].
In order to prevent oxidative damages of heat,
plants develop detoxification mechanisms to
scavenge the highly toxic ROS [7]. ROS cause
membrane injury via lipid peroxidation, degradation
of proteins, inactivation of enzymes, bleaching of
pigments and disruption of DNA [8, 9]. Plants
protect themselves from damaging effects of ROS
using several endogenous protective mechanisms
such as enzymatic and non-enzymatic antioxidant
defence systems. Therefore, for the strength of the
antioxidant defence system is mutually related with
the acquisition of thermotolerance [10]. When plants
are exposed to sublethal temperatures, acquired
thermotolerance transiently cause to rise in injury
threshold and protect plants from the subsequent
lethal temperatures [11]. There are different
treatments to obtain acquired thermotolerance in
plants and these treatments have different effects on
survival rate of plants [12]. Wheat is a temperate
season crop, because of global climate change, the
heat stressed wheat production environments around
the world are believed to increase in future climates
[9].
Sustainable improvement in heat tolerance of
wheat can be achieved through introgressing heat
tolerance from wild close relatives such as Aegilops
spp. as the most closely related species in the
Triticeae tribe. Heat tolerance is a complex trait
therefore determination of physiological and
biochemical indices are necessary to measure
tolerance [13].
Therefore, the aim of this study was to
determine the effect of sub-lethal heat application
before lethal heat shock treatment on tetraploid wild
and cultivated spring and winter durum wheat
genotypes differing in sensitivity to heat stress and
to evaluate the thermotolerance capacity of
genotypes comparing growth parameters (shoot and
root length) and photosynthetic pigment contents,
membrane stability, relative water content and
antioxidant enzymes.

ABSTRACT
In this study, the effects of sublethal heat
application before lethal heat treatment on
thermotolerance mechanisms of tetraploid two wild
wheats (Aegilops biuncialis and Aegilops
cylindrica), and two durum wheats (Triticum
turgidum / FY .Õ]ÕOWDQ-91 and Harran-95) have
been investigated. Eight-day-old seedlings were
exposed sublethal heat pretreatment followed by
lethal heat treatment [39±1°C for 24h afterwards
50±1 °C for 1 h (T1)] and lethal heat treatment [50±
°C for 1 h (T2)]. When plants exposed to direct lethal
temperature (T2), seedling lengths
were
significantly reduced in all genotypes. The sub-lethal
treatment enabled the seedlings to tolerate the lethal
effects of heat stress with respect to seedling length
but this effeFW ZDV QRW REVHUYHG LQ .Õ]ÕOWDQ-91
cultivar. T1 and T2 applications caused a decrease in
relative water content in leaves of all genotypes.
Total chlorophyll and carotenoid contents of
tetraploid wild species were significantly decreased
after all heat treatments. The sub-lethal heat
pretreatment caused an accumulation of total
chlorophyll and carotenoid contents LQRQO\.Õ]ÕOWDQ91 cultivar. Ae. cylindrica was found to be sensitive
to heat but its degree of protection was higher than
other genotypes. This tetraploid wild genotype
probably withstands heat with better upregulating
protective mechanisms.

KEYWORDS:
Aegilops biuncialis, Aegilops cylindrica,
turgidum, wheat, heat stress, sublethal heat

Triticum

INTRODUCTION
Heat stress brings about numerous metabolic,
biochemical and physiological changes in plants as
growth [1], water status [2], pigment content and
accumulation [3]; induction of specific sets of
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and hydrated- weight respectively previously
determined by Farrant [16].

MATERIALS AND METHODS
Plant Material and Growth Conditions.
Tetraploid two wild wheats (Aegilops biuncialis and
Aegilops cylindrica), and two cultivated durum
wheats [(Triticum turgidum / FY .Õ]ÕOWDQ91(winter wheat) and Harran-95(spring wheat)] have
been used in this study. Wild wheat species were
picked up from an uncultivated area in BeytepeCampus of Hacettepe University-Ankara, Turkey, T.
turgidum L. cultivars were obtained from Middle
East and South-East Anatolia Agricultural Research
Institute in Turkey respectively. Sterilized (2%
NaHOCl) and imbibed seeds were planted in a pots
10x15 cm size, filled with perlite and were grown at
a constant temperature regime of 23r1qC, a 14h
photoperiod, a relative humidity of 40±5 % and a
photon flux density at plant height of 175200μmolm-2s-1 in a controlled growth cabinet.
Hewitt nutrient solution [14] was supplied at 1-day
intervals to the seedlings. Eight-day-old seedlings
were exposed to three temperature treatments: One
group of seedlings were maintained at 23r1qC for
24h (untreated seedlings=control) (C). The other
group of seedlings were subjected to sublethal
temperature (39±1qC for 24h) followed by 50±1qC
for 1 h (lethal temperature) (T1). The control
seedlings were subjected to only to lethal
temperature (50±1qC for 1 h) were taken as T2. At
the end of the temperature treatments, the seedlings
of genotypes were transferred to 23±1ºC again and
were regrown for 6 days. At the end of the recovery
period, the seedlings were used for further analysis.
The length of the seedling and the longest
seminal roots were measured as a cm.seedling-1 (n=6
for three replicates).
Thermotolerance of genotypes were expressed in the
following terms:
C= Mean length of control seedlings maintained at
23±1º C
L= Mean length of seedlings exposed to lethal heat
(50±1º C for 1h)
S= Mean length of seedlings exposed to a sublethal
heat (37±1º C for 24h) followed by lethal heat
(50±1ºC for 1h).
The resistance to heat and degree of protection
(%) of seedlings were calculated using the formula
previously determined by Blumethal et al. [15].
Tolerance (%) to heat (50±1º C) =L/C x 100
Degree of Protection (by sublethal heat) = (S-L)/(C-L)

Extraction and estimation of leaf pigments.
For
each
heat
temperature
treatments,
photosynthetic pigments were extracted from five
separate (n=5) leaf segments in 100% acetone. The
absorbance of the extracts was measured at 470,
644.8 and 661.6 nm using a Shimazu-1240 UV-Vis
spectrophotometer. The concentration of chlorophyll
(a+b) and carotenoids (x+c) were calculated using
adjusted extinction coefficients [17]. Anthocyanins
were extracted from leaf material (n=5) in 1ml of
acidified methanol for 48h at 4qC [18]. Anthocyanin
content was determined by the formula: = A530(1/3xA657) [19].
Membrane permeability (solute leakage).
The leaf segments (1cm, n=5 for three replicates) of
control and treated plants were washed with three
changes of deionized water to remove surfaceadhered electrolytes according to Blum and Ebercon
[20] with minor modifications. The membrane
permeability was quantified by the leakage of UVabsorbing substances according to Redmann et al.,
[21]. Then, leaf segments were incubated in the
presence of 5 ml distilled water for 24 h at 25º C on
rotary shaker (100 rpm). After 24 h incubation, the
absorbance was estimated spectrophotometrically at
280 nm (A280). The samples were then freezed with
liquid nitrogen for 30 min. A final absorbance
measuremHQW $¶280) was recorded after 24h. The
relative leakage ratio (RLR) was calculated as
RLR=A280$¶280.
Protein determination. The total soluble
protein concentration of leaf crude extract was
determined according to Bradford method [22] using
BSA as a standard.
Enzymes extractions and assays. Total
Superoxide dismutase (SOD) activity. Leaf
samples (0.5 g) from control and treated plants were
ground with liquid nitrogen and suspended in 1 ml
of homogenization buffer containing 9mMTris-HCl
buffer (pH 6.8) and 13.6% glycerol [23]. The
homogenates were transferred into the tubes and
centrifuged at 14 000 rpm for 20 min at 4ºC and
resulting supernatants were used for enzyme assay.
SOD activity and SOD isoenzyme patterns of control
and treated plants were determined by onedimensional native PAGE analysis. Equal amount of
protein (100μg) were loaded per well. PAGE was
carried out according to Laemmli [24], under non
denaturating conditions using Mini Protean
Electrophoresis
unit
(Bio-Rad,
USA).
Electrophoresis was carried out under constant
current at 4ºC. SOD activity was detected by staining
with riboflavin and nitroblue tetrazolium, as
described by Beauchamp and Fridovich [25].

Relative
water
content
(RWC)
measurement. The water status of the leaves was
evaluated by calculating the percentage of relative
water content (RWC). Five randomly selected leaves
of genotypes were used in RWC analysis at each of
heat treatments. RWC was calculated using the
standard formula [RWC= ):í':  +:íDW)
×100] where DW, FW and HW stand for dry-, fresh-
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enzymatic oxidation using the extinction coefficient
of NADPH (6.2mM.cm-1at 340nm).

Quantitative evaluation of SOD izoenzymes
activities was carried out by densitometric analysis
using Bio-Profil V99 software program of Vilber
Lourmart Imaging System. The unit activity of SOD
was calculated by running a SOD standard from
bovine erythrocyte (Sigma) in the same gel. By
definition of the supplier, one unit of standard SOD
activity inhibits the rate of reduction Cyt c by 50%
in a coupled system with xanthine oxidase at pH 7.8
at 25 ºC in a 3 ml reaction medium. Different SOD
isoenzyme forms were distinguished based on
sensitivity to inhibition by 2mM KCN and 5mM
H2O2, MnSOD is resistant to KCN and H2O2,
FeSOD is resistant to KCN but inhibited by H2O2,
and Cu/ZnSOD is inactivated by both inhibitors [8].
Total SOD activity was calculated by the sum of
each SOD izoenzymes activity.

Total Catalase (CAT) activity. CAT activity
was determined according to the method of Chance
and Maehly [29]. 0.5 g of fresh leaf tissues of control
and treated plants were ground with liquid nitrogen
and suspended in 1.5 ml of suspension solution
containing 50 mM Tris-HCl buffer (pH 7.8). The
suspensions were centrifuged at 12000g for 20 min
at 4ºC. The supernatant parts were used for the
enzyme assay. The assay medium contained 50mM
potassium phosphate buffer (pH 7.0), 25 mM H 2O2,
and the enzyme extract containing 100μg proteins.
The reaction was initiated by the addition of enzyme
extract. The decrease in absorbance was recorded at
240 nm for 2 minutes. The enzyme activity was
calculated from the initial rate of the enzyme
(extinction coefficient of H2O2, 40 mM.cm-1).

Total Ascorbate peroxide (APX) enzyme
activity. APX activity was determined according to
the method of Wang et al., [26]. Approximately 0.5
g fresh tissue was ground with liquid nitrogen and
suspended in 1.5 ml of suspension solution
consisting of 50 mM Tris-HCl (pH 7.2), 2% PVP, 1
mM Na2EDTA, and 2 mM ascorbate. The
suspensions were centrifuged at 12000rpm for 20
min at 4ºC. Assay solution contained 50 mM
potassium phosphate buffer (pH 6.6.), 2.5 mM
ascorbate, 10 mM H2O2, and enzyme containing
100μg protein in a final volume of 1 ml. The reaction
was initiated by the addition of H2O2. The decrease
in the ascorbate concentration was recorded at 290
nm against the assay solution except enzyme extract.
The enzyme activity was calculated from initial rate
of the reaction using the extinction coefficient of
ascorbate (2.8 mM.cm-1 at 290nm).

Total Peroxidase (POD) activity. Guaiacol
POD activity was used on the determination of
guaiacol
oxidation
(extinction
coefficient
26.6mM.cm-1) at 470 nm by H2O2. The reaction
mixture contained 100mM potassium phosphate
buffer (pH 7.0), 20.1mM guaiacol, 12.3 mM H 2O2
and enzyme extract in a 3ml volume. The reaction
was initiated by adding plant leaf extract and was
followed for 10 min [30].
Statistical analyses. The experiments were
performed in a randomized design with two factors
(genotypes and heat treatments). The differences
among the heat treatments as well as between the
genotypes were tested using SPSS programme. The
significance of difference between mean values
obtained from 3 independent experiments was
determined by ANOVA and compared with least
significant differences (LSD) at the 5% level.

Total Glutathione reductase (GR) activity.
GR activity was determined according to the method
of Sgherri et al., [27]. Approximately 0.5 g of leaves
materials from control and treated plants were
ground with liquid nitrogen and suspended in 1.5ml
of suspension solution containing 100 mM
potassium phosphate buffer (pH 7.0), 1 mM
Na2EDTA, and 2%PVP. The homogenates were then
centrifuged at 18000g for 20 min at 4ºC.
Supernatants were freshly used for the GR assay.
Assay mixture contained 100 mM potassium
phosphate buffer (pH 7.8), 2 mM Na2EDTA, 0.5 mM
GSSG, 0.2 mM NADPH, and enzyme extract
containing 100μg protein in a final volume of 1 ml.
The reaction was initiated by NADPH, concentration
was recorded at 340 nm against the assay solution
except the enzyme extract. Correction was made for
any GSSG oxidation in the absence of NADPH [28].
The enzyme activity was calculated from the initial
rate of the reaction after substracting the non-

RESULTS
When plants exposed to directly heat shock
(50°C) for 1 hour without sublethal heat treatment,
seedling length was significantly reduced in all
genotypes compared to control plants (Fig.1).
However sub-lethal heat treatment enabled the
seedlings to tolerate the lethal effects of heat stress,
except .Õ]ÕOWDQ-91 cultivar.
The sublethal heat treatment did not cause any
change in root lengths of tetraploid wild plants. But
root length was decreased significantly in cultivated
wheat cultivars after sublethal heat treatment. The
lethal heat application at 50°C for 1 hour resulted
with a significant decrease in root lengths of all
genotypes (Fig.1).
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FIGURE 1
Effect of heat stress on the seedling length (a) and
root length (b) in four wheat genotypes, C plants
were maintained at 23r1qC for 24h (untreated
seedlings=control). T1 plants were subjected to
sublethal temperature (39±1qC for 24h) followed
by 50±1qC for 1 h (lethal temperature) (T1).
T2 plants were subjected to lethal temperature
(50±1qC for 1 h). The error bars represent the
standard error (±S.E.) for three replicates (n=6).

FIGURE 2
Difference of relative leakage (a) and relative
water content (RWC) (b) between wheat
genotypes among control, sublethal treatment
followed by lethal treatment and lethal heat
application. The error bars represent the
standard error (±S.E.) for four replicates. C=
control seedlings maintained at 23±1º C, T1=
seedlings exposed to a sublethal heat (39±1º C for
24h) followed by lethal heat (50±1ºC for 1h), T2=
seedlings exposed to lethal heat
(50±1º C for 1h).

The membrane injury which was determined
with relative leakage rate, increased under heat
treatments in all genotypes. Greater membrane
damage was observed in Ae.cylindrica (40.1%) (Fig.
2). T1 and T2 treatments caused a decrease in
relative water content in leaves of all genotypes and
it was approximately between 70-80%. While there
is a gradual decrease in RWC of cultivated
genotypes after heat treatment, there was no change
in RWC content between sublethal and directly heat
shock (50°C) for 1 hour without sublethal heat
treatments in tetraploid wild genotypes.
While
total
photosynthetic
pigments
(chlorophyll and carotenoid) contents of tetraploid
wild species were significantly decreased after T1
and T2 treatments, the sub-lethal heat pretreatment
caused an increase in chlorophyll and carotenoid
FRQWHQWV RI .Õ]ÕOWDQ-91 cultivar. The chlorophyll
content was lowest in Ae. cylindrica (5.91 mg ml-1 g
FW-1). Anthocyanin content of Ae. cyclindrica was
increased after T1 and T2 treatments. In other three

genotypes anthocyanin contents were increased with
sublethal treatment but then decreased after the
lethal heat shock (Fig. 3).
Measurement of thermotolerance of all
JHQRW\SHVVKRZHGWKDW.Õ]ÕOWDQ-91 was resistant to
under T2 treatment (85,9%) (as L/C) since its
resistance to lethal temperature was higher than that
of the other genotypes. When degree of protection
was calculated (S-L/C-L) it was found that Ae.
cylindrica had higher degree of protection after heat
treatments (Table 1).
The effects of heat treatments on the
antioxidant enzyme activities in the leaves of
tetraploid wild species and durum cultivars are given
in Table 2. The T1 treatment caused an increase in
antioxidant enzyme activities of all genotypes
compared to their controls. While SOD activity was
increased after T1 treatment, its activity was
decreased after the lethal heat treatment (T2) in all
JHQRW\SHV62'DFWLYLW\ZDVYHU\ORZLQ.Õ]ÕOWDQ91 (10.5 units mg protein -1) even under control
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WUHDWPHQW([FHSW.Õ]ÕOWDQ-91 cultivar, APX activity
of all other genotypes was significantly increased
with respect to control after sublethal heat treatment
(T1). The GR activity of wild wheat genotypes was
increased significantly in heat treatments (T1 and
T2) compared to their controls. On the other hand,
the GR activity of wheat cultivars was increased
significantly in the application of the sublethal heat
treatment (T1). In the lethal temperature (T2) while
GR activity was significantly increased in Harran 95,
LWZDVGHFUHDVHGLQ.Õ]ÕOWDQ-([FHSW.Õ]ÕOWDQ-91
cultivar, POD activity of all other genotypes was
increased.

Carotenoid content (mg ml-1 g FW-1)

Chl a+b content of leaves (mg ml-1 g FW-1)

conditions, when compared with other genotypes.
Under the lethal heat treatment conditions, SOD
activity of Harran-95 cultivar was increased (29.1
units mg protein -1) when compared with control
(19.5 units mg protein -1). In tetraploid wheat
genotypes the SOD activity was increased in T1
treatment, but this effect was found to be significant
only in Ae. biuncialis.
CAT activity was
significantly increased in all genotypes except Ae.
biuncialis after T1 treatment compared to control
treatments. The activity of CAT was decreased
significantly in Ae. biuncialis and wheat cultivars
after the lethal heat treatment compared to T1

24
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FIGURE 3
Effect of heat on (a) total chlorophyll, (b) carotenoid and (c) anthocyanin contents in the
leaves of wheat genotypes. The error bars represent the standard error (±S.E.) for three
replicates, C= control seedlings maintained at 23±1º C, T1= seedlings exposed to a
sublethal heat (39±1º C for 24h) followed by lethal heat (50±1ºC for 1h), T2= seedlings
exposed to lethal heat (50±1º C for 1h)
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TABLE 1
Measurement of thermotolerance using degree of protection and resistance to heat C= Mean length of
control seedlings maintained at 23±1º C, L= Mean length of seedlings exposed to lethal heat (50±1º C for
1h), S= Mean length of seedlings exposed to a sublethal heat (39±1º C for 24h) followed by lethal heat
(50±1ºC for 1h)
Ae.biuncialis

Ae.cylindrica

Harran-95

.Õ]ÕOWDQ-91

0.56
72.93

0.61
73.17

0.37
72.07

0.024
85.90

Degree of protection
Resistance to heat (%)

TABLE 2
Activities of superoxide dismutase (SOD) activity (units mg protein-1) catalase (CAT) (nmole H2O2 min-1
mg-1 protein-1), ascorbate peroxidase (APX) (nmole ascorbate min-1 mg-1 protein-1) and glutathion
reductase (GR) (nmole NADPH min-1 mg-1 protein-1), POD activity (nmol H2O2 min-1mg protein-1) in
leaves wheat genotypes subjected to heat treatments (C, T1, T2) (±SEM).

Genotypes

Ae.biuncialis
Wild type
Ae.cylindrica
Wild type
Harran-95
Cultivated wheat
.Õ]ÕOWDQ-91
Cultivated wheat
LSD 5%

Heat
Treatments

C
T1
T2
C
T1
T2
C
T1
T2
C
T1
T2

Total SOD
activity
(units mg
protein-1)
24.3 ± 3.8
34.7 ± 6.9
23.3 ± 4.8
36.4 ± 2.6
43.6 ± 3.9
34.3 ± 3.2
19.5 ± 2.6
48.9 ± 5.3
29.1 ± 4.1
10.5 ± 0.7
15.3 ± 0.3
7.6 ± 1
11.4

Total CAT
activity
(nmol H2O2
min-1mg
protein-1)
46.7 ± 2.9
35.7 ± 2.2
28.5 ± 0.4
28.2 ± 1.5
40.5 ± 0.7
38.2 ± 0.9
39.7 ± 3.4
45.2 ± 0.6
40.0 ± 2.6
58.2 ± 1.5
59.3 ± 2.0
45.0 ± 1.3
5.73

Antioxidant enzymes
Total APX
Total GR
activity
activity
(μmol ascorbate
(nmol NADPH
min-1 mg
min-1mg
protein-1)
protein-1)
0.471± 0.01
45.3 ± 2.1
0.716 ± 0.01
63.4 ± 1.4
0.534 ± 16.37
66.6 ± 1.4
0.589 ± 0.02
49.5 ± 0.5
0.821 ± 0.04
63.4 ± 1.4
0.505 ± 0.01
66.6 ± 1.4
0.386 ± 0.006
39.2 ± 0.5
0.680 ± 0.030
44.1± 1.1
0.585 ± 0.013
57.4 ± 0.7
0.555 ± 0.005
45.7 ± 2.7
0. 508 ± 0.05
53.2 ± 0.9
0. 635 ± 0.09
41.3 ± 0.5
0.109
5.73

Total POD
activity
(nmol H2O2 min1
mg protein-1)
85 ± 4.0
89 ± 4
95 ± 3
83 ± 5
90 ± 1
110 ± 4
59 ± 2
71± 1
130 ± 2
59 ± 0,6
62 ± 1
62 ± 3
9.31

resistance to heat yet maintained its protective effect
IRUVKRUWWLPH.Õ]ÕOWDQ-91 was mostly tolerant to a
lethal temperature when compared with genotypes.
A. cylindrica has the highest degree of protection. In
addition to that, exposure to sublethal temperature
did not acquire thermotolerance to all genotypes.
Leaf relative water content (RWC) reflected
the water status of plants. The imposed heat stress
significantly affected the water status of plants. In
many plants, heat stress affects drastically the root
hydraulic conductivity and leaf water relations [33].
Although RWC of seedlings decreased after T1 and
T2 application depending on enhanced transpiration,
stress applications (T1 and T2) did not seem to cause
water loss in wild and cultivated seedlings. Also, the
lowest RWC value (70%) was determined in Ae.
cylindrica.
Permeability of membranes enhances together
with the increased loss of electrolytes [34] under heat
stress. In this study, membrane injury increased with
heat application in all genotypes. Greater membrane
damage was observed in Ae. cylindrica (40.1%).
Since plantlets did not die at lethal temperature,
decrease in the relative leakage rate did not reveal
cessation of membrane integrity of all genotypes.
Additionally, heat stress has an important effect on

DISCUSSION AND CONCLUSIONS
The present study was carried out to understand
the effect of sublethal heat treatment prior to lethal
heat shock on tetraploid two wild wheat (Aegilops
biuncialis and Aegilops cylindrica) and two durum
wheats (Triticum turgidum / FY .Õ]ÕOWDQ-91 and
Harran-95 (genotypes) for physiological traits and
antioxidant enzyme activities.
High temperatures can cause considerable
damages including leaf chlorosis, leaf senescence
and abscission and shoot and root growth inhibition
[31]. As well as basal thermotolerance that
organisms have intrinsically, many organisms gain
tolerance to heat when they are exposed to sublethal
high temperatures for short time or to mild heat
stress for a long term [32].
Seedling and root length of all genotypes
decreased, but sublethal heat treated plants had
higher growth rate especially in Ae. biuncialis and
.Õ]ÕOWDQ  7R GHWHUPLQH WKH GHJUHH RI SURWHFWLRQ
that was acquired by application of a sub-lethal heat
treatment, growth rate was investigated in terms of
proportion (S-L)/(C-L). It was shown that all
tetraploid genotypes almost acquired the least
SURWHFWLRQ WR KHDW .Õ]ÕOWDQ-91 showed greatest

6050

© by PSP

Volume 25 ± No. 12a/2016, pages 6045-6053

Fresenius Environmental Bulletin

conditions [43]. The increase in CAT and POD
activities together with anthocyanin content might be
the indicator of tolerance to heat stress. It was also
shown that there was an increase in POD and APX
activities during exposure to heat stress in bean [44],
grass [45] and Freesia [37]. Activity increases in
APX and POD together with increase in anthocyanin
content may contribute in higher removal of ROS in
wild species Ae. cylindrica. The behavior of
.Õ]ÕOWDQ-91 with greatest resistance to heat but low
degree of protection may be explained with low
activity of SOD enzyme even in control conditions
and lower increase of activities of antioxidant
enzymes.
In conclusion, some defense mechanisms were
triggered after sublethal heat treatment at 39°C in
wheat genotypes. Although plant species or
genotypes have different capabilities to deal with the
heat stress, the thermotolerance might be obtained in
wheat plantlets through sublethal heat treatment.
Winter type cultivar .Õ]ÕOWDQ-91 is resistant to heat.
Ae. cylindrica is sensitive to heat but it has higher
protection compared to other genotypes. Ae.
cylindrica probably withstand heat with better
upregulating protective mechanisms (such as
anthocyanin, POD, CAT, GR etc.) when compared
WR.Õ]ÕOWDQ-91. Since it achieved to survive at high
temperatures via protective mechanisms, Aegilops
species can be possible donor of gene(s) for heat
tolerance and can be used to develop heat tolerant
wheat germplasm.

plasma membrane [35], plasmalemma shows more
fluidity of lipid bilayer under heat stress, which
results with greater water loss. The low relative
water content in Ae. cylindrica, correlated with the
highest damage in membranes.
It was shown that heat stress causes damage of
chloroplast and loss of chlorophylls in various crops
[10]. The degradation of chlorophyll associates with
the production of ROS [36]. The Chl a+b content
decrease was significant in Aegilops genotypes,
suggesting that high temperature might cause
structural damages on chloroplasts in Aegilops
leaves. When compared with T. turgidum leaves,
Aegilops leaves did not have any particular
photosynthetic adaptation to heat. Similarly, the
levels of chlorophyll a and b were stable in Harran
DQG LQFUHDVHG LQ .Õ]ÕOWDQ-91 cultivar. The higher
level of chlorophyll a+b content in sublethal heat
treated seedlings suggested that heat acclimation
pretreatment such as sublethal heat helped
chlorophylls to protect their normal status. This data
correlates with the results of Yuan et al. [37]. Studies
have indicated that carotenoids stabilize and
photoprotect the lipid phase of the thylakoid
membranes [38, 39]. Sublethal heat pretreatment
resulted with an increase carotenoid content in
Harran-95 DQG.Õ]ÕOWDQ-91 genotypes. Sublethal heat
treatment resulted with a stable protection of
carotenoid contents. It was shown that anthocyanins
might provide protection from high temperature
injury by enhancing its antioxidative capacity in
Arabidopsis [40]. In our study, a far higher
production of anthocyanins in response to severe
high temperatures has been observed in Ae.
cylindrica genotype. This accumulation in Ae.
cylindrica could have acted as a potential
amelioration against heat damage, protecting against
ROS, but it was probably not adequate to prevent
injury of this genotype.
In order to overcome different environmental
conditions which affect the performance of wheat, it
is necessary to realize intra-cellular circumstances
(41). Exposure to sublethal high temperature can
increase the thermotolerance of plants. In general,
tolerant cultivars maintain higher antioxidant
molecules and antioxidant enzyme activities to
protect themselves from stress-induced oxidative
[31]. It is evident that heat tolerance/sensitivity of
plant species and cultivars in a given plant species
are well correlated with their antioxidant response
[42]. It was shown that activities of antioxidative
enzymes (APX, GR, GPX, GST) increased after heat
treatment [31]. Antioxidant enzyme activities
increased in heat tolerant wheat cultivars with
respect to susceptible cultivars [7]. The higher
increase in SOD activity in Harran cultivar can be
the indicator of higher production of oxygen radicals
under stress. POD activity reflects the changed
mechanical properties of cell wall and cell
membrane integrity of plant leaves under stress
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and NDF (Neutral Detergent Fiber) values was
found. The highest water consumption efficiency
was 4.38 kg/da-mm in I100 irrigation and 3.37 kg/damm in I35 irrigation. In addition, thecorrelation
coefficient between ET, dry matter and protein
amount was r2:0.81** and r2:0.80**, and a
statistically significant positive relationship was
observed (p<0.01) between ETa, dry matter and
protein amount. As a result of statistical and
economic analyses, threshold dry matter efficiency
value on which the silage quality starts to drop was
determined at 25.5 t ha-1 in I70 irrigation.

ABSTRACT
In this study, a field study was carried out to
determine the effect of different irrigation water
amounts on dry matter efficiency and silage quality
features of species of corn for silage P32K61,
P31Y43, P30B74 and the relationship of water and
dry matter, as well as the threshold value of the dry
substance to be used in silage quality estimation by
leveraging such relationship. The study was planned
as three repeats in a trial pattern of divided parcels in
randomized blocks. Irrigation program was
established by reapplication of 100% (I100), 70%
(I70), 35% (I35) of the water consumed every 7 days
with the drip irrigation method. Thus, the irrigation
consists of 1 full and 2 different deficit irrigation. In
the study, irrigation water amount applied to I100,I70
and I35 of types P32K61, P31Y43 and P30B74 was
637-653-666; 491-495-509; 342-363-371 mm,
respectively, seasonal plant water consumption
values were 705-714-738; 559-554-583mm, dry
matter efficiency values ranged from 24.38-24.2932.36, 23.26-23.33-25.5, and 12.8-14.46-14.13 t ha1
. Linear relations were determined between dry
matter (DM) efficiency of the species and irrigation
water (I) as DM=20.57I+6369(r 2=0.997**),
DM=30.95I+4340(r2=0.999**),Y=36.14I+5826
(r2=0.998**);and between dry matter-plant water
consumption
(ETa)
values
as
Y=26.02ETa+832.1(r2=0.969**),Y=36.55ETa22.83
(r2=0.995**),
Y=42.75ETa-1949
(r2=0.997**). The highest and lowest protein
amounts by irrigation were 8.67% in the interaction
of I100 irrigation and P32K61 species and 6.14% in
the interaction of I35 irrigation and P31Y43 species,
respectively; digestible dry matter ratio was 70% in
the interaction of I100 irrigation and P30B74 species
and 60% the interaction of I35 irrigation and
P31Y43,respectively. No statistically significant
relation between the ADF (Acid Detergent Fiber)



KEYWORDS:
Climate, deficit irrigation, drip irrigation, dry matter,
maize, semi-arid, silage-quality

INTRODUCTION
Distribution of water resources on earth,
unavoidable increase in water need, existing water
resources not being able to meet the estimated
demands, ineffective and wasteful use of water, and
continuity of these trends pose serious risks and
concerns with regards to whether the food demand
would be satisfied in the future [1]. Many studies
have been conducted for the purposes of reducing
production risks in agriculture and making more
effective use of irrigation water. Some of these
studies are included herein.
In a study conducted to determine the most
suitable irrigation range and ratio in corn plant,
linear relationships between seasonal water
consumption of the plant and efficiency were
established and the author suggested that in order to
obtain high efficiency, 100% irrigation every other
day was necessary [2].
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not sufficient, which raised the necessity to carry out
this study.
Therefore, this study aims to determine the
effects of limited irrigation applications (I100, I70, I35)
with drip irrigation method to increase the efficiency
and quality in corn growing for silage, on waterefficiency relationships and silage quality
parameters of corn species for silage (P32K61,
P31Y43 and P30B74). In addition, it is intended to
identify the relationships between the dry matter
efficiency, which is one of the most important
parameters determining the silage quality and the
irrigation levels; and to determine the threshold
value of the dry matter to be used in silage quality
estimation by leveraging these relationships as well
as the values obtained as a result of economic
analysis of the dry matter.

In maize plant for silage, it was determined that
as the water cut increased, corncob, leaf, body and
green herb efficiencies reduced and a linear
UHODWLRQVKLSZLWKWKHSODQW¶VZDWHUFRQVXPSWLRQDQG
total green herb efficiency was observed [3, 4, 5].
Payero et al. [6], investigated the effects of limited
irrigations with drip irrigation method in corn plant
RQWKHSODQW¶VZDWHUFRQVXPSWLRQ (7c), WUE(water
use efficiency), IWUE(Irrigation water use
efficiency) and dry matter efficiency. They reported
that the irrigation time had effects on dry matter
efficiency, grain efficiency and corncob weight.
Moreover, Gencoglan and Yazar [7] identified linear
relationships between both the irrigation water and
SODQW¶V ZDWHU FRQVXPSWLRQ LQ FRUQ DQG grain
efficiency. Cui et al.[8]obtained the highest
efficiency in 67% and 50% irrigation in the
³EORRPLQJ´VWDJHDQGDQGLUULJDWLRQLQthe
³PDWXUDWLRQ´ SKDVH DQG UHSRUWHG WKDW WKH :8(
values showed a similar reaction. Perez-Pastor et al.
[9] pointed out that water levels created on different
levels affected efficiency, and the highest efficiency
was obtained in the control case in which the water
irrigation need is completely met, and it was
followed by the limited irrigation cases. In a study
investigating the effects of irrigation frequency on
the efficiency on corn grains, Ali et al.[10] reported
that as the irrigation water increases, grain
efficiency, weight of a thousand grains and grain
weight in a corncob increased significantly.
Although quality is very important in forage
corps, it is always underrated. Generally speaking,
the quality or nutrition value of the herb may be
determined by its chemical composition or digestion
ratio [11]. In order to obtain quality corn silage with
high forage feature, it is indicated that the dry matter
ratio would be approximately 30% [12]. On the other
hand, Karakozak and Ayasan [13] stated that the
inadequate level of raw protein (RP) of the crop plant
has a disadvantage and that they tried to increase the
RP levels by mixing different forage raw materials.
Corn has great advantages including its content of
highly dry matter, low buffering capacity, and a
suitable level of water soluble carbohydrate level for
lactic acid fermentation; and it is one of the plants
with high levels of silage. Majority of the researchers
have reported that in order to obtain a quality corn
silage with a high level of forage features, dry matter
ratio should be around 30% and digestible dry matter
ratio should be 70-80% [12, 14].
Many studies have reported a positive
VLJQLILFDQW UHODWLRQVKLS EHWZHHQ WKH SODQW¶V ZDWHU
consumption and dry matter [3, 4, 5, 14, 15, 16, 17].
Karasahinand Sade [18] obtained similar
UHODWLRQVKLSVEHWZHHQWKHSODQW¶VZDWHUFRQVXPSWLRQ
and protein amount. It was concluded that studies
investigating water-efficiency relationships of the
corn for silage and silage quality parameters by
associating them with different irrigation levels are



MATERIALS AND METHODS
The study was carried out in 2015 on a trial
field of Siirt Province in Turkey during the
FRUQJURZLQJVHDVRQ7KHWULDOILHOG¶VDOWLWXGHLV
P DQG LV ORFDWHG RQ Û ¶ 1 DQG Û ¶ (
Location of the research field is given in Figure 1.

FIGURE 1
Location of the study areas

Three different types of corn for silage
(P32K61, P31Y43 and P30B74) with different
maturation periods were used as plant material.
Longyears and yearlong climate data of the study
location (during corn growing season) were given in
Table 1.
This region is marked by a continental climate
where the winters are cold and rainy/snowy and the
summers are hot and dry [19]. The average
temperature is 26 ºC in summer and 2.7 ºC in winter.
Annual relative humidity is maximum 70.2% in
January and 26.9% in August. Average annual
relative humidity is 50.41%. Long annual
precipitation is 669.2 mm, while monthly
precipitation ranges from 103.6 mm to 1.3 mm [19].
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Disturbed and undisturbed soil samples were
collected from 0-30 cm, 30-60 cm and 60-90 cm
layers of the soil profiles in order to determine
physical and chemical features of the soil from the
trial field. Three undisturbed soil samples and one
disturbed soil sample were collected from each layer.
Undisturbed soil samples were collected by using
100 cm3 steel cylinders.
Macro, micro and total porosity were
determined
according
to
Danielson
and
Sutherlend[20]; water retention capacities in field
capacity of the soils (33 kPa) according to Klute
[21]; bulk density according to Blake and Hartge
[22]. Organic substance, texture and water content
on wilting point were determined in disturbed soil
samples. Organic substances in soil were determined
according to the Walkey-Black dichromatoxidation
method [23], water retention capacities on wilting
point (1500 kPa) according to Klute [21] and texture
analysis according to Bouyoucos [24] with the
hydrometer method. Some of the physical and
chemical features of the trial field were given in
Table 2.
Study soil is categorized as brown forest soil
FODVV>@7KHFKDUDFWHULVWLFVRIWKHWULDOILHOG¶VFOD\
soil include low electrical conductivity, saltfreeness, lime level not posing a problem in terms of
plant growth, low phosphor content, high potassium
content and medium level organic substance.

Field capacity (FC) was determined to have an
average depth of 433 mm (for 0-90 cm), a wilting
point (WP) of 312 mm, bulk density of 1.40 gr cm-3
and usable water retention capacity of 121 mm. Also,
electrical conductivity and pH values of the
irrigation water and anion and kation levels were
determined by a method specified by Tüzüner [26].
As a result of the samples collected, quality class of
the irrigation water used in the study field was
determined as C2S1. Irrigation water was of high
quality with an electrical conductivity of 0.34 dS m1
and a pH of 7.21.
Irrigation water used in the trial does not pose
any problems in terms of irrigating the corn plant.
The research was built as 3 iterations according to
the trial patterns of parcels divided into randomized
blocks.
Main parcels were formed of corn for silage of
P32K61, P31Y4 and P30B74.
Sub-parcels were formed of I100, I70 and I35
irrigation cases. Irrigation program was scheduled to
be once a week and irrigation levels consisted of full
irrigation where 100% of the consumed water is used
(I100, control subject), limited irrigation subjects
where 70% (I70) and 35% (I35) of the full irrigation
are used in 90 cm soil profile once a week.
Therefore, one full irrigation and two different levels
of limited irrigation were used.

TABLE 1
Climatic data of the experimental area in the growing periods of 2015 and from 1962 to 2014

Years

Average
1962 2014

2015

Months
May
June
July
August
September
May
June
July
August
September

Mean
max.
Temp.
(°C)
20.2
27.2
31.1
31.0
25.4
25.3
30.3
33.2
34.0
27.4

Mean
Temp.
(°C)
19.4
26.0
30.5
30.3
25.1
20.2
27.1
31.1
31
25.4

Mean
Min.
Temp.
(°C)
9.0
17.8
23.4
27.0
14.7
13.7
19.2
23.5
23.2
18.9

Mean
Humidity
(%)
49.3
34.9
30.3
29.5
37.4
49.6
35.3
27.7
26.9
31.8

Mean
wind
speed
(m s-1)
1.0
1.1
1.1
1.0
1.0
1.0
1.0
1.1
1.0
1.1

Mean
daily
sunshine
(h)
9.1
11.6
12.3
11.4
10.1
8.7
12.0
12.4
11.8
10.0

Total
Rain
(mm)
36.9
11.5
0.6
2.7
7.9
60.6
9.4
2.0
1.3
13.5

TABLE 2
Some physical and chemical properties of the experimental field soil
Properties
Texture
Clay (%)
Silt (%)
Sand (%)
Field capacity (Pw)
Wilting point (Pw)
Bulk density (g cm-3)
pH (1:2.5 s/w)
Electrical conductivity (dS m-1)
Organic matter (%)
CaCO3 (%)



0-30
Clay
57,12
22,0
20,88
33,52
24,44
1,42
7,50
1,55
3,09
6,4
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Soil layer (cm)
30-60
Clay
55,12
16,0
28,88
36,04
26,08
1,39
7,66
1,77
2,06
1,9

60-90
Clay
53,12
14,0
24,88
35,38
25,57
1,41
7,91
1,75
1,80
1,9

Mean
50cm soil
temp.
(°C)
19.5
26.0
30.8
31.8
29.9
20.6
27.4
31.3
32.6
30.5

Total
Evap.
mm
67.4
162.2
217.2
231.0
47.3
51.9
170.7
228.3
243.1
61.0
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FIGURE 2
Experimental layout

not used since there was no high epidemic of
cornstalk worms and corncob worm widely
observed, especially in corn plant. In the study, the
moisture content of the effective root depth (90 cm)
was determined by using the gravimetric method
prior to each irrigation.
The amount of irrigation water to bring the
lacking moisture in 90 cm soil depth, in the control
parcel with full irrigation (I100) for each species, to
the field capacity was used to determine the
irrigation water amount to be implemented to each
subject. To that end, soil samples from 0-30, 30-60
and 60-90 cm layers of the 90 cm soil profile were
collected in each irrigation subjects, before
irrigation, and the dry weight was determined in
percentage. The moisture content determined for
each layer was converted to the moisture content in
depth by using equation 1.
ሺࡲିࡼ࢝ሻ࢙࢞ࡰ
ࢊൌ
(1)

d:water content of soil moisture in depth (mm);
FC is the field capacity (%); Pw is the moisture
content determined for each layer (%); As is the bulk
mass of the soil (g/cm3); and D is the layer depth
(mm).
Adding up the water content calculated for each
layer, total water amount for effective root depth (d T)
was found (Eq. (2)).
dT=d(0-30)+ d(30-60) + d(60-90)
(2)
Water volume to be given to the parcels was
calculated by multiplying the parcel area and the
limitation ratio (1, 0.70 and 0.35) to the surface
percentage in equation 3.
V= dT . A . Uo . P
(3)
Where V is the water volume to be given to the
parcels (L) and A is the parcel area (m2); Uo is the
limitation ratio (%) and P is the surface percentage
(%).

Conveying and distributing water from the
intake point to the parcels were made by using hard
PE pipes with 10 atm operation pressure and 63 mm
outer diameter. Laterals used in drip irrigation were
designed to ensure that each plant line (70 cm) has
one lateral. Water distribution in trial parcels where
drip irrigation method was used, was performed by
using soft PE lateral pipelines having 4 atm
operation pressure and 20 mm outer diameter. Soils
of the research area are heavy and have an infiltration
rate of 7 mm h-1. On each lateral, drippers with inline type pressure regulator and flow rate of 4 L h-1
in 1 atm operation pressure were used, leaving 0.30
m space between them. Therefore, each time the
plant was applied with just right amount of irrigation
water with drip irrigation method.
No infiltration or surface flow occurred. Seed
bed was prepared to be planted on the ridge. Each
parcel was designed to have 4 lines with 70 cm space
between the lines, 18 cm space above the line while
WKHSDUFHOV¶GLPHQVLRQVZHUHPOHQJWKDQGP
width (parcel surface = 16.8 m2). A 4-line pneumatic
seeder was used to make sure that the seed is planted
at a depth of 4-5 cm. In order to avoid interactions
between the parcels and repetitions, 2 m buffer area
was created. The trial implementation plan is given
in Figure 2.
All of the phosphor fertilizer (pure 9 kg min-1
P2O5) and third of nitrogen implemented as 28 kg
min-1N were given in a plantation. The rest of the
nitrogen was given when the plants were 40-50 cm
tall [27].
Once the plants reached 15-20 cm height,
thinning was performed for those needing the
spacing and once they had 8-9 leaves on them,
weeding and middle-breaking were performed. In
terms of weeds, no herbicide was used but
mechanical methods were opted for because the
density of weeds was not severe. Herbicides were
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FIGURE 3
Agricultural practicesmade in the test plot

in the equation,IWUE: Total irrigation water
use efficiency (kg/min mm-1), WUE: Total water use
efficiency (kg/min mm-1),Y: Dry matter efficiency
obtained from the irrigated subjects (species), I:
irrigation
water
amount
(mm),
ETa:
Evapotranspiration (mm).
After having completed all observations
required in the field, 0.5 m space was left from the
top and end of the two lines in the middle, which are
outside the side impact [31]. With harvest, just after
having determined the green herb yields, 5 random
plant samples from each parcel were dried in the
incubator until they reached a fixed weight at 65 °C
and dry matter weights were determined. Using the
same method, dry matter variation of P32K61,
P31Y43 and P30B74 in irrigation subjects of I100, I70
and I35 during the growing season with one week and
week intervals was determined. To that end, 5 plants
representing the parcel from each irrigation subject
were cut off from the soil surface before irrigation
and dry matter yield (g m-2) values to that species
were calculated (Figure 5).
Dried samples were ground in a 1 mm diameter
mill and nitrogen assays were performed by usingthe
Kjeldahl method to determine raw protein ratios (N
x 6.25) [32]. Chemical analyses were carried out as
well to determine forage nature and silage quality
classes of the maize for silage. Dry matter analyses
were performed according to the Weende analysis
method [33]. Acid Detergent Fiber (ADF) and
Neutral Detergent Fiber (NDF) analyses were
carried out by using ANKOM Fiber Analyzer
device, based on the method reported by van Soestet
al. [34]. Digestible dry matter (DDM) in species of
maize for silage was calculated by using the ADF
value and the following equation (Eq. (6))[35].
%SKM = 88.9 - (0.779 * %ADF)(6)
in the equation,SKM: Digestible dry matter
content (%),ADF:Acid Detergent Fiber (%).
In this study, leaf areas are measured, using the
equation given below (Eq. (7)), for which details

The surface percentage was calculated by
GLYLGLQJWKHSODQW¶VFURZQZLGWKE\WKHSODQW¶VOLQH
spacing. It was fixed at 0.30 until the SP reached
30% and at its real value until SP reached 80%. After
that, it was fixed at 80%. The principles in Gungor
et al. [28] were considered to determine the amount
of water used in parcels. Irrigation implementation
in trial parcels was passed through the meters and
carried out with control of the dripper flow rates by
constant measurements (Figure 3).
Monthly and seasonal evapotranspiration
values of each irrigation subjects were calculated by
using the water budget method and the moisture
content values of the soil (90 cm) measured at the
beginning and end of the harvest during the growing
season [29].
Water use efficiency (WUE) was determined
by dividing the dry herb efficiency(kg ha-1) by
seasonal evapotranspiration (mm) value; while the
irrigation water use efficiency (IWUE) was
calculated by dividing dry herb efficiency (kg ha-1)
by implemented irrigation water amount (mm) [30].
,Q FDOFXODWLQJ WKH SODQW¶V ZDWHU FRQVXPSWLRQ WKH
following water balance equation was used [29].
ETa= P + I ± Rf ± Dp ǻ6(4)
ETa: Evapotranspiration (mm), P: precipitation
(mm), I: irrigation water amount (mm), Rf: surface
flow (mm), Dp: Deep infiltration (mm), DQGǻ6 PP 
is the soil moisture variation in the root.
As the trickle flow rate opted for in the study is
ORZHU WKDQ WKH VRLO¶V LQILOWUDWLRQ UDWH VXUIDFH IORZ
did not occur. It was assumed that no deep
infiltration occurred because the amount of irrigation
water is just enough to bring the existing moisture to
the field capacity.
Eq. (5) and Eq. (6) were used, as given by Scott,
[30] to determine the irrigation water use efficiency
(IWUE) and irrigation water efficiency (WUE)
values.
IWUE = Y / I(5)
WUE =Y/ ETa(6)
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have been proposed by Stewart and Dwyer[36]. Leaf
area measurements are made during the flowering
period. Three plants from the 2nd and 5th rows of all
parcels are cut from the soil surface and sampled.
Total leaf area of a leaf cut from a plant is
proportioned to the area allocated to a plant in order
to calculate the Leaf Area Index (Eq. (8)).
LA = Wm.L . 0,743(7)
In the equation, Wm: Maximum width ofleaf
(cm), L: Leaf size (cm);Leaf Area Index (LAI) is
calculated using the equation below.
LAI = YA/ BA(8)
In the equation, LAI: Leaf Area Index, YA:
2
2
Leaf area (cm ), BA: Plant area (cm )
Economic analysis: In production input costs
calculation, the ³VLQJOH SURGXFW EXGJHW DQDO\VLV
PHWKRG´ZDVXVHGWRGHWHUPLQHRSHUDWLRQDOFRVWVthe
³DOWHUQDWLYHFRVWVIDFWRU´ZDVXVHGWRGHWHUPLQHWKH
production costs; statistics including percentages
and weighted arithmetic mean were also used [37].
All the data acquired through these methods have
been subjected to an Analysis of Variance
(ANOVA) in randomized blocks, in accordance with
the split plot design. Based on the results obtained
from the analysis of variance, the statistically
important applications have been compared to the
LSD (Least Significant Difference) and Tukey
multiple comparison tests, accordingly.

RESULTS AND DISCUSSION
Watery-yield relationship. Following the
plantation on 20 May 2015, all parcels were irrigated
with the drip irrigation method (52 mm) so as to
achieve the soil moisture of 0-90 cm depth to the
field capacity for a homogeneous sprouting. Along
with middle-breaking (when the plants have 6-8
leaves on them), featured irrigation treatment started
on 05 July 2015, 45 days after the plantation and
when 50% of the convenient humidity was
consumed (Howell)[38] and it ended on 23 August
2015 (94 days after the plantation), at the beginning
of the starch forming period. The drip irrigation
method was performed a total of 8 times. Harvesting
varied between 105 (03 September 2015) and 115
days (13 September 2015), based on the features
being fully irrigated or limited. With limited
irrigation treatments, crops were harvested 10 days
earlier than the features with full irrigation.
As a result of this study conducted under semiarid climate conditions, findings and statistical
analysis outcomes (LSD groups) concerning the
irrigation water amounts implemented on species are
presented in Table 3.

TABLE 3
Irrigation water applied, the average value of LSD and other parameters related to Eta
Mean
IRR
(mm)

Mean
ETa
(mm)

I100
I70
I35
LSD (0.05)

652
499
359

719.0
565.3
385.3

I100xP32K61
I100xP31Y43
I100xP30B74
I70x P32K61
I70x P31Y43
I70x P30B74
I35x P32K61
I35x P31Y43
I35x P30B74
LSD (0.05)

637
653
666
491
495
509
342
363
371

Subjects

705
714
738
559
554
583
379
387
390

DM
(kg ha-1)**
26976a
24030b
13796c
0.16
24380c
24290c
32360a
23260d
23330d
25500b
12800g
14460e
14130f
52.3

IWUE
PH
LAI**
(kg/da/
(cm)**
mm-1)
Irrigation treatments
3.75
4.13
307a
4.20a
4.25
4.81
331b
3.87b
3.58
3.84
290c
3.10c
1.74
0.033
Varieties x Irrigation treatments
3.45
3.83
286c
4.11b
3.40
3.72
290c
3.86d
4.38
4.86
350a
4.63a
4.16
4.73
271f
3.95c
4.21
4.71
281d
3.81d
4.37
5.00
331b
3.85d
3.37
3.75
261g
3.07f
3.73
3.98
259g
3.11e
3.62
3.80
277e
3.14e
2.98
0.054

WUE
(kg/da
mm-1)

DDM
(%)

65.00
62.35
70.00
67.30
64.88
68.84
67.53
60.00
67.20

FB
(kg ha-1)**

PC
(%)**

ADF
(%)

NDF
(%)

83720a
74770b
59520c
158

8.28a
8.17b
7.53c
0.030

ns

ns

65160e
80000c
106000a
69840d
70250d
84230b
44830g
60350f
63380e
274.3

8.67a
8.11b
7.53d
7.62c
7.23e
7.22e
7.19f
6.14g
7.19f
0.026

ns

ns

S S,WLVLPSRUWDQWZLWKLQWKHHUURUOLPLWVns:not significant (FB:Fresh biomass; DM: Dry matter;
PH: Plant height; LAI: Leaf area index; PC: Protein content; DDM: Digestible dry matter)
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FIGURE 4
Soil water content distribution of genotypes ±
a (I35), b (I70), c (I100).

Bouazzama et al. [5], Yolcu and Cetin[4], Ariturk
and Erdem[42]. They partly match with the findings
of Ucak et al.[40]. It can be concluded that using
different genotypes and soil type, climate and
environmental conditions, irrigation program and
cultural operations produces various values [43].
Seasonal plant water consumption (ETa) values
of the species P32K61, P31Y43 and P30B74 were
determined as 705, 714 and 738 mm, respectively, in
I100 with no water limitation and 379, 387 and 390
mm, respectively, in I35 with excessive water
limitation. Plant water consumption of the other
irrigation subject changed among these values. Plant
water consumption of P30B74 species was more
than 33mmfor the P32K61 species.
This surplus can be associated with the fact that
the leave area index (LAI) value of P30B74 (4.63) is
greater than the LAI value of P32K61 (3.6) (Table
3). Also, as the soil moisture content distribution
shown in Figure 4 suggests, soil moisture content of
P30B74 in irrigation subjects is lower than others.
Therefore, irrigation water amount and plant
water consumption value were slightly higher. In
limited irrigation treatments, soil moisture content
and seasonal plant water consumption values of the
species were found to be lower than others.
Norwood and Dumler [44], Li et al. [45],
Kuscu[46]conducted limited irrigation on the corn
plant and obtained similar results. Seasonal water
consumption of the corn plant was reported as 562
mm for P31G98 and 405 mm for Tietar species by

Weekly irrigation water amount by irrigation
features in the study year ranged from 52 to 67 mm.
In early and vegetative periods, daily irrigation water
requirement ranged from 3.5 to 4.5 mm day-1, while
it reached the maximum level (9 mm day-1) in the
blooming and grain development phases. In the
feature with full irrigation (I100), the irrigation water
amount treated to the species P32K61, P31Y43 and
P30B74 were 637, 653 and 666 mm, respectively. In
the said irrigation feature, P30B74genotype was
treated to 29 mm more irrigation water than P32K61
and 13 mm than P31Y43. Such surplus may be
associated with the fact that P30B74 has large
leaves, its leaves developed horizontally, and it lost
more water by means of transpiration due to a larger
soil surface. As such, 29 mm less water treatment to
P32K61 species may be explained by losing less
water by means of transpiration as a result of lower
percentage of the soil surface. In previous studies on
FRUQSODQW¶VZDWHU-yield relationships, it is stated that
263-1206 mm irrigation water is treated under the
conditions of fully recovering the missing moisture.
Gencoglan and Yazar [7] treated 752 and 823 mm,
Bouazzama et al. [5] 463- PP 6LPúHN YH
Gercek[39] 814-1206 mm, Uçak et al. [40] 562-619
mm, Yolcu and Çetin [4]459-514 mm, Isik et al.
[41]PP$UÕWUNDQG(UGHP[42]263-322 mm.
Results of the treated irrigation water amount
in this study were lower than the findings of
Gencoglan and Yazar [7], Isik et al. [41], Simsek and
Gercek[39]; and higher than the findings of
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levels of dry matter increase. In the previous studies,
it was indicated that 68%-72% of accumulated
carbohydrates in vegetative sections were
transferred for grain development[52]. Based on this
result, it is stated that the above-mentioned reasons
are associated with high dry matter yield in a plant
with full irrigation and with low dry matter yield in
a plant with limited irrigation [53].

Kaman[47] in the first year of the study; it was 580
mm in P31G98 species and 421 mm for Rx.9292
species in the second year. Gencoglan and Yazar
[7]reported values ranging from 1.026 (fully
irrigated) to 410 mm (non-irrigated) in the Cukurova
region; Katerji et al. [48] reported 494-644 mm,
Pandeyet al. [49] 641-668 mm, Kiziloglu et al.[3]
512.6-688.4 mm, and Payero et al. [6] 625-366 mm.
Greenwood et al. [50] indicated that the amount
of rainfall and irrigation for silage maize irrigated by
the center pivot method was 782 mm in northern
Victoria. Results obtained in the study were lower
than the findings of Gencoglan and Yazar[7]; greater
than those of Katerji et al. [48], Pandey et al.[49],
Kiziloglu et al. [3], Payero et al. [51] but similar to
those of Greenwood et al. [50].
Species of the same plant have different
seasonal water consumptions in different climates
and regions, but they can even vary within the same
region. This variation may be caused by the climate
factor, plant species, soil characteristics, irrigation
programs and differences in the methods as well as
the differences in growing techniques.
In other words, there are a great number of
parameters affecting plant water consumption of the
maize for silage, including plantation and harvest.
Most important of these factors include short (early)
or long (late) number of maturation days. Plant water
consumptions of the early species are lower and late
species have higher plant water consumptions. Also,
during the growing season, the effects of abiotic
factors (temperature, humidity, wind) in the
blooming period when pollination starts cause
decreases in grain development in cobs and increases
in evapotranspiration, which causes an increase in
plant water consumption.

FIGURE 5
In Irrigation treatments (I100, I70, I35),
varieties(P32K61, P31Y4, P30B74)growth rate
material changes during the season

Dry Matter (DM). In the study, findings of dry
matter yield values are given in Table 3; variation of
dry matter yield during vegetation of species by
irritation subject is given in Figure 5. Dry matter
yield values were lower in early vegetative and midvegetative periods; they start to increase during the
blooming phase and reach the optimum level in the
starch formation period (Figure 5). The reason is that
in general WKH SODQW¶V SKRWRV\QWKHVLV UHDFWLRQ DQG
potential for producing organic matter in the
sprouting and early vegetative periods do not
function at maximum levels because the number and
size of the leaves through which the photosynthesis
takes place in a plant are not developed completely.
In this scope, since the organic matter production by
means of carbon dioxide fixation is low, dry matter
amount in this phase is lower. Organic matter being
synthesized on the leaves as a result of
photosynthesis to realize the grain development is
transferred towards the generative organ so that
under full irrigation conditions there are many
organic matters accumulating in blooming phase. In
this case, the plant is expected to experience high



In this scope, since the organic matter
production by means of carbon dioxide fixation is
low, dry matter amount in this phase is lower.
Organic matter being synthesized on the leaves as a
result of photosynthesis to realize the grain
development is transferred towards the generative
organ so that under full irrigation conditions there
are many organic matters accumulating in the
blooming phase. In this case, the plant is expected to
experience a high level of dry matter increase. In the
previous studies, it was indicated that 68%-72% of
accumulated carbohydrates in vegetative sections
were transferred for grain development[52]. Based
on this result, it is stated that the above-mentioned
reasons are associated with high dry matter yield in
a plant with full irrigation and with low dry matter
yield in a plant with limited irrigation [53]. Dry
matter yield values determined as a result of this
study varied according to the irrigation water amount
and irrigation features. The highest and lowest dry
matter yield were 12.8 t ha-1 in the interaction of
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Y=36.14*I+5826 (r2=0.998**), respectively; and
between water consumption of the plant and dry
matter yield values as Y=26.02*ETa+832.1
(r2=0.969**), Y=36.55*ETa-22.83 (r2=0.995**),
Y=42.75*ETa-1949 (r2=0.997**) (Figure 6a-b). As
the irrigation water amount and ETa ratio increases,
dry matter yield values increased proportionally. A
linear relationship has been reported between maize
grain yield and evapotranspiration [51, 54]. Yolcu
and Cetin [4]confirmed the linear relation between
grain and silage yield response to irrigation for
maize. On the other hand, as reported by Kiziloglu et
al. [3], if one unit of irrigation water decreases, the
reduction rate in green herb yield is not stable.

I35irrigation feature and P32K61 species; and 32.36
t/ha in the interaction of I100 irrigation feature and
P30B74 species, respectively. In other irrigation
features, Dry matter (DM) varied between these
values (Table 3). When the irrigation water need is
limited by 30% (153 mm), DM decreased by 23.5%;
when it is limited by 65% (293 mm), DM decreased
by 44.9%.
The difference between the irrigation features
may be associated with different yield potentials of
limited irrigation implementations and species
during the growing season. It was determined that as
the water consumption increased in these irrigation
features (I100) DM values also increased.
It could be explained that dry matter (DM)
accumulation was increased by irrigation [3]. In
parallel with the results obtained by Yolcu and Cetin
[4], it was observed that irrigation water amount and
dry matter content decreased at the same time.
Similarly, Li et al. [45] reported that in the case of
full irrigation treatment, the amount of total water
applied was 295 mm and increase of corn yield was
49%.
Dry matter (DM) values are indicated by
Kiziloglu et al. [3]as 23.2-30.0 t ha-1 andby
Bouazzama et al. [5] as 3.9-16.4 t ha-1. Greenwood
et al. [50] indicated that DM yield of full irrigated
silage maize was 22 t ha-1, Yolcu and Cetin [4] as
14.8-93.3 t ha-1. The findings of this study partly
match with the findings of Yolcu and Cetin [4], but
they are higher than other research findings. These
variations could be associated with irrigation
methods and programs,with using tall and wideleaved species as plant material (thus having high
dry matter yield), as well as with different climate,
soilconditions and growing techniques in the study
region. In addition, if we were to associate these
variations with photosynthesis metabolism, the cell
is required to have an optimum level of water in
order for the plant to perform the desired level of
photosynthesis and to have photosystem reactions
where chlorophylls are located at the optimum level.
In this case, photolysis of water molecules takes
place by means of solar energy absorbed by the
chlorophyll pigments. With the photolysis reaction
of water, electrons and protons, which are effective
on organic matter creation by means of Calvin cycle
of the photosynthesis, are generated. As a result, dry
matter increase in case of full irrigation (I100) may
result from the increase in organic matter. As the
correlation analysis of the data obtained from this
study shows in Table 4, the correlation coefficient
was determined as r:0.81**, and a statistically
significant positive relationship of 1% was found
between ET and dry matter. Also, linear
relationships of second-degree significance were
determined between the irrigation water amount to
the genotypes (P32K61, P31Y43 and P30B74) and
the dry matter yield values as Y=20.57*I+6369
(r2=0.997**), Y=30.95*I+4340 (r2=0.999**), and



FIGURE 6
(a)Full irrigation housing made (I100) types of
irrigation water,(b) evapotranspiration-dry
matter yield relationship

Water use efficiency (WUE) values, indicators
of obtained grain yield by seasonal plant water
consumption, are presented in Table 3 based on the
irrigation features used in species. WUE values
determined in this study varied according to the
irrigation water amount used in species and the
irrigation features. The lowest and highest WUE
values were 3.37 kg/da-mm in the interaction of I35
irrigation feature and P32K61 and 4.38 kg/da-mm in
the interaction of I100 irrigation feature and P30B74.
In other irrigation features, the WUE varied between
these values. As a result of this study, WUE values
of the species were close to one another. Except for
the I35 irrigation feature, in general there are minor
differences between the WUE values of the species.
Similar WUE values were obtained because the
irrigation water, water consumptions and dry matter
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Fresh Biomass (FB). Fresh biomass was
harvested during the starch formation phase where a
black line between the grain and cob is visible [5].
Although there are statistically significant FB yield
differences (p<0.01) (at 1% level) between the
species, the lowest FB yield was in the interaction of
I35 irrigation feature and P32K61 (44.83 t ha-1), while
the highest was in the interaction of I100 irrigation
feature and species No.3 (106 t ha-1). As the
irrigation water amount increased, plant crown grew
further, the number of leaves increased, and the
green herb yield proportionally increased as well.
But one of the most important factors affecting the
green herb yield to be obtained from the species is
the genotype richness for the species. Fresh biomass
yield was reported by Kiziloglu et al. [3] as 50.7480.70 t ha-1 in Erzurum conditions; by Erdal et al.
[60] as 54.61-76.54 t ha-1 in Antalya conditions; by
Yolcu and Cetin [4] as 54.8-93.3 t ha-1 in semi-arid
climate conditions. Results obtained in the study
were higher than the findings of Kiziloglu et al. [3]
and Erdal etal.[60]. But they partly match those of
Yolcu and Cetin [4]. These differences may have
resulted from different irrigation programs and
methods, soils, climates, genetic richness of the
species, development periods and applied cultural
procedures.
In maize growing for silage, green herb yield is
closely associated with the irrigation water amount.
In this scope, the tendency was towards an increase
in full irrigation features and a decrease in limited
irrigation features because under the conditions of
fulfilling the irrigation water need, as the plant leaf
LVIXOO\GHYHORSHGLQWKHSODQW¶VIXUWKHUGHYHORSPHQW
stages, leaf ratio is higher than the stem ratio [61].
Therefore, variations in green herb yield in terms of
irrigation features and species may be associated
with the yield potentials of species and different
irrigation water amounts used in species. In other
words, results of this study showed that the FB was
different among species, which stems from the
different irrigation programs and genetic characters
of the plants.
On the other hand, Yolcu and Cetin[4], in their
study where they used limited irrigation in maize for
silage, reported that the FB yield values were
different by features and the lowest value was
obtained in the feature with the extreme limitation on
irrigation. Similar results have been obtained by
different researchers who reported significant
differences of FB yield according to irrigation
features [3, 5].

yield values were close to one another. It is stated
that the similar water limitation applications caused
this minor difference between the irrigation features
during the growing season. As the water
consumption increase in the said water irrigation
features (I100), WUE values also increase. This could
be explained by the fact that dry matter (DM)
accumulation was increased by irrigation [3].
Similarly, Dagdelen et al.[55] reported that as
the irrigation water amount increased, WUE values
increased as well. WUE values reported by different
authors are as follows: Özgürel and Pamuk [56] 1.49
- 2.71 kg/da-mm, Mostafa and Derbala [57] 8.84-11
kg/da-mm, Ariturk et al.[42] 19.56-29.52 kg/da-mm.
Kiziloglu et al. [3] reported the highest WUE value
as 15.04 kg/da-mm in full irrigation feature and the
lowest WUE as 3.16 kg/da-mm in the anhydrous
feature; Trejo et al.[58]obtained 2.9-2.0 kg/da-mm,
and Kuscu [46] obtained 2.61-1.74 kg/da-mm
values.
The results of this study are similar to the
findings of Kiziloglu et al.[3]; but they were higher
than the findings of Trejo et al. [58], Özgürel and
Pamuk [56], and Kuscu [46], and lower than the
findings of Mostafa and Derbala[57] and Ariturk and
Erdem[42]. It is likely to say that these variations
occurred due to the plant type and species, regional
climate conditions, plant density, irrigation program
and cultural procedures. However, in determination
of WUE values in this study, dry matter yield was
taken into consideration while in the aforementioned
studies fresh biomass yield was used.
Therefore, the values obtained in the studies are
not consistent. But Mostafa and Derbala [57] and
Bouazzama et al. [5] determined that maize WUE
decreased with decreasing irrigation.
Gencoglan and Yazar [7], Zhang et al. [59] and
Dagdelen et al. [55]found the lowest WUE values for
corn in non-irrigation conditions. It can be concluded
that the obtained WUE values are consistent with the
reports of these researchers.
The lowest WUE value by irrigation features of
the species was 3.72 kg/da-mmin the interaction of
I100 irrigation feature and P31Y43, and the highest
WUE value by irrigation features of the species was
5.0 kg m-3 in the interaction of I70 irrigation feature
and P30B74. As the irrigation water amount
increased, IWUE values decreased. According to the
obtained results, as the irrigation water amount
decreased, IWUE value tended to increase. This is
consistent with the study byGencoglan and Yazar
[7]which they reported such phenomenon.
It was determined that the irrigation features
have a great impact on chlorophyll creation, but the
interaction of irrigation feature and species was not
significant. The highest chlorophyll content was
determined in I100 irrigation feature (62.6 spad) and
the lowest in I35 irrigation feature (52.5 spad) (Table
3).



Results of the quality analysis. The highest
and lowest raw protein amounts by irrigation
features in maize species for silage were 8.67% in
the interaction of full irrigation and P30B74 and
6.14% in the interaction of limited irrigation feature
(I35) and P31Y43 species.
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TABLE 4
The correlation coefficients of the quality parameters of fresh biomass

Dry Matter
Protein Amounts
ADF
NDF
ETa
FB

Dry
Matter
1.0000
0.6698**
0.5688**
0.6603**
0.8135**
0.4117*

Protein
Amounts
1.0000
0.3843*
0.2844ns
0.8087**
0.3827*

ADF

NDF

ETa

FB

1.0000
0.9024**
0.2450ns
-0.1212ns

1.0000
0.2976ns
-0.1003ns

1.0000
0.7392**

1.0000

**: p < 0.01, ns:Not significant, ADF: Acid Detergent Fiber, NDF: Neutral Detergent Fiber,FB: Fresh
biomass, ET: Seasonal evapotranspiration

Detergent Fiber). Therefore, results obtained in this
study are consistent with the study of Isik et al. [41]
where the researchers reported a proportional
increase in raw protein yield as the irrigation levels
increase and no significant difference between
different irrigation levels and ADF and NDF values.
Most of the researchers reported that the
optimum digestible dry matter (DDM) in a good
quality maize fresh biomass was 70-75%, and
animals could transform such DDM into an optimum
level of yield [63, 13, 64]. Therefore, 70% DDM
determined in the interaction of I100 irrigation feature
and P30B74 species is consistent with the required
DDM values in quality silage. However, it can be
concluded that 60% DDM determined in the
interaction of I35 irrigation feature with excessive
limitation of water and P31Y43 decreased in
proportion and the limited irrigations affect the
DDM ratio. High DDM in full irrigation feature (I100)
can be associated with low ADF (25%). In short, as
ADF decreases in irrigation water, DDM ratio
increases.
In limited irrigations, high ADF values caused
low DDM values. Furthermore, the study
investigated the relationships between water
consumption of maize for silage and quality
parameters by carrying out a correlation analysis.
Plant water consumption (ETa) and protein amount,
ADF, NDF, correlation coefficients of silage yield
(r) are presented in Table 4. Statistically significant
(at 1% level) relationships between the examined
specifications were determined.
The correlation coefficient between ETa and
dry matter was r:0.81**, and a statistically
significant positive relationship (1% level) was
established between ETa and dry matter. The
correlation coefficient between ETa and protein
amount was r:0.80**, and a statistically significant
positive relationship (1% level) was established
between ETa and protein amount. No statistically
significant relationships were found between ETa
and ADF & NDF. It can be concluded that as plant
water consumption increases, dry matter and protein
amount increases proportionally. Therefore, limited
irrigation should not be performed for a quality
silage. However, if the water resources are scarce,

Optimum protein creation in the full irrigation
feature (I100) in maize species for silage are evaluated
in terms of soil-plant-water relationships and this can
be associated with the existence of sufficient
moisture in the effective root depth of the plant;
therefore, the leaves perform potential transpiration
and photosynthesis. In addition, a part of the organic
matter produced by means of photosynthesis, which
is the most fundamental metabolic reaction of a
plant, can be used to produce precursors that are
specific especially to proteins. By means of DNA,
RNA and ribosome contained in the stoma of
chloroplasts where such events occur in the cell,
chloroplasts produce the proteins required for their
own activities and replicate themselves. Therefore, it
can provide optimum water required for full activity
of the chloroplasts in full irrigation (I100) conditions.
Furthermore, when the irrigation water need is fully
satisfied, organic matter is synthesized in the Calvin
cycle that starts with carbon dioxide fixation. Part of
this synthesized organic matter is used in aminoacid
primers to be added to the structure of glycerol, fatty
acids, vitamins and proteins. In this sense, as the
SODQW¶VLUULJDWLRQZDWHUQHHGLVIXOO\VDWLVILHG , 100),
photosynthesis occurs at an optimum level. As a
result, destruction of the synthesized organic matter
in peroxisomes leads to thecreation of protein
primers. This is estimated to increase the protein
amount in full irrigation (I100) features, as opposed to
limited irrigation features (I35, I70).
Karasahin and Sade [18] reported protein
amount in drip irrigation as 8.31-8.75(%),
Büyükerdem and Akman [62]in zinc-added
composite fertilizer application as 10.7-11.4(%),
Aritürk and Erdem[42] 8.13-8.94(%); Yolcu and
Cetin [4] as 7.40-8.8(%). Results of this study partly
match the data of Karasahin and Sade [18] and Yolcu
and Cetin [4] but are lower than those of
Büyükerdem and Akman [62]and Aritürk ve
Erdem[42]. This difference may be caused by
climate, soil, irrigation program and management,
cultural procedures and added fertilizer (Zn)
applications.
Variance analysis results show no statistically
significant difference between the irrigation features
and ADF (Acid Detergent Fiber) ve NDF (Neutral
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deficit. A positive linear relationship was obtained
between evapotranspiration and total fresh yield.
In addition, as the irrigation water amount used
in the species increases, digestible dry matter
(DDM), leaf surface index and chlorophyll content
values increase as well.
When the irrigation water need is reduced by
30% (153 mm), dry matter (DM) decreases by
23.5%; when it is reduced by 65% (293 mm), DM
decreases by 44.9%. Therefore, full irrigation (I100)
is recommended when the water resources are
scarce. But, for semi-arid climate conditions with
insufficient water resources, according to the
statistical analysis results, I70 irrigation features can
be recommended as it is in a very similar group
(group b) to the feature implemented with I 30
irrigation.
The study reveals that there are statistically
significant relationships between the plant water
consumption (ETa) and quality parameters. The
correlation coefficient between ETaand dry matter
was r:0.81**, and a statistically significant positive
relationship (1% level) was established between ET a
and dry matter. The correlation coefficient between
ETa and protein amount was r:0.80**, and a
statistically significant positive relationship (1%
level) was established between ETaand protein
amount. This concludes that as the plant water
consumption increases, dry matter and protein
amounts increase proportionally.
According to the statistical analysis results, the
interaction of I100 irrigation feature and P30B74
species with 32.36 t ha-1 yield value was in group 1
and the interaction of I70 irrigation feature and
P30B74 species with 25.5 t ha-1 yield value was in
group 2 (in close groups). Therefore, both economic
analysis and LSD grouping results showed that
conditions with water limitation of more than 30%
were not profitable for growing plants, dry matter
yield would be low and thus the silage would not be
of good quality. As a result, 25.5t ha-1 dry matter
value determined in I70 irrigation could be used as a
threshold value to estimate the dry matter yield
required for a quality silage.

then I70 irrigation may be recommended. On the
other hand, many researchers found a positive
relationship between the plant water consumption
and dry matter [15, 3, 4, 5, 16, 17]. Karasahin and
Sade [18] obtained similar relationships between the
plant water consumption and protein amount.
Therefore, results obtained in this study are
consistent with the findings of other researchers.
Economic analysis and threshold DM value.
Economic analysis was performed to determine the
threshold value of the dry matter obtained in
different irrigations. According to the economic
analysis results, input price for 32.36 t ha-1 green
herb yield determined in the interaction of I 100
irrigation feature and P30B74 species was 8.000 TL
ha-1 and the output price was 10.300 TL ha-1. In this
irrigation feature, 2.300 TL ha-1 net profit was
gained.
On the other hand, input price for 25.5 t ha -1
green herb yield determined in the interaction of I 70
irrigation feature and P30B74 species was 8000 TL
ha-1 and the output price was 8.023 TL ha-1. In this
irrigation feature, 23 TL ha-1 net profit was gained.
In other words, profitability in production
significantly declined. According to the statistical
analysis results, the interaction of I100 irrigation
feature and P30B74 species with 32.36 t ha-1dry
matter yield value was in group 1 and the interaction
of I70 irrigation feature and P30B74 species with 25.5
t ha-1dry matter yield value was in group 2 (in close
groups).
Therefore, both economic analysis and LSD
grouping results showed that conditions with water
limitation of more than 30% were not profitable for
growing plants: dry matter yield would be low and
thus, and the silage would not be of good quality. As
a result, 25.5 t ha-1 dry matter value determined in I70
irrigation could be used as a threshold value to
estimate the dry matter yield required for a quality
silage. In other words, dry matter ratio in quality
maize silage was reported to be 27-32% [13].
Therefore, dry matter ratio that is lower than
25% would cause poor quality silage. Dry matter
value of 25.5 t ha-1 determined in I70 irrigation as a
threshold value constitutes the breaking point to
indicate that the silage quality will become poorer
and growing plant would become unprofitable. In
short, in maize growing, water limitation of more
than 30% would cause a decrease in dry matter yield
and poorer quality of silage.
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CONCLUSION AND RECOMMENDATIONS
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fresh and dry matter yield of silage maize
significantly decreased by water stress. Water use
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SOIL-BENTONITE CUTOFF WALL (SBCW) FROM CPTU
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4.5×10-8 cm/s, lower than the design criteria
(1×10-7 cm/s).

ABSTRACT
Utilizing soil-bentonite backfills to construct
cutoff wall of landfill site is a first attempt in China.
The evaluation of isolating effect of soil-bentonite
cutoff wall (SBCW) in a landfill site is very
important. The determination of strength,
compressibility, consolidation and hydraulic
characteristics is traditionally based on the
laboratory tests. The piezocone penetration test
(CPTU) is a newly developed technique, with an
additional capability of measuring pore pressures at
various locations. In this paper, the coefficient of
consolidation and hydraulic conductivity of SBCW
are evaluated based on CPTU. Six CPTU soundings
were carried out at different locations in cutoff wall
body of a landfill site in Jiangsu province of China.
Standard and non-standard methods for interpreting
coefficient of consolidation from CPTU pore
pressure dissipation curves are briefly reviewed.
The coefficient of consolidation in standard
dissipation tests is evaluated by Teh and Houlsby
method. In non-standard dissipation tests, the
coefficient of consolidation is evaluated by Chai
method, Sully logarithm of time and square root of
time methods. In standard pore pressure dissipation
test, it is shown that the horizontal coefficient of
consolidation values evaluated from Teh and
Houlsby method and laboratory test results achieve
a good agreement. In non- standard dissipation
curve, the horizontal coefficient of consolidation
values estimated by Chai method are highest and is
most close to those evaluated by laboratory tests.
The results evaluated by laboratory tests are slight
higher that the values estimated from Sully square
root of time method. Moreover, Sully square root of
time method can result in a slight higher horizontal
coefficient of consolidation values than Sully
logarithm of time method. The horizontal hydraulic
conductivity values estimated by Elsworth and Lee
method are little higher than the results estimated
by Baligh and Levadoux method. The horizontal
hydraulic conductivity values of SBCW from
CPTU dissipation test are in the range from 0.3 ~

KEYWORDS:
SBCW; in situ testing; CPTU;
consolidation; hydraulic conductivity.

of

INTRODUCTION
Kinds of contaminations of subsurface soils
and groundwater of landfill site are a critical
problem in the world [1]. Soil-bentonite backfills,
which consist of a sandy soil mixed with bentonite,
are commonly used in the United States, Canada
and Japan as a vertical barrier for isolating
contaminated groundwater from the surrounding
environment [2, 3]. The SBCW structures are
constructed using the slurry trench method,
whereby a trench is excavated typically in highly
permeable soils and backfilled with bentonite slurry
consisting of a mixture of water and about 5% by
dry weight of conventional sodium bentonite to
maintain trench stability [4, 5].
The evaluation to SBCW in landfill sites is the
check of actual in-situ effectiveness in the terms of
hydraulic conductivity (k), coefficient of
consolidation (c), pollutants diffusion and sorption,
durability and deformability [6, 7, 8, 9]. The k of
the backfills is the primary parameter affecting the
hydraulic performance of cutoff walls [10, 11, 12].
Furthermore, the effective porosity and tortuosity
factor of porous media, which influence the
diffusive transport intensively, linked to hydraulic
conductivity closely [13]. Low k helps improving
the durability and resistance of SBCW to chemical
attack. And the k depends on the soil gradation and
the quantity of bentonite. In general, greater than
1% bentonite and greater than 20% fines were
recommended for soil bentonite cutoff wall to
achieve the desired k for the cutoff wall, which
typically lower than 1×10-7 cm/s [14, 15].
Several methods have been reported in
published literature for predicting k of SBCW.
Tests for measuring the k of cutoff wall can be
6069
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categorized as either in situ tests or laboratory tests.
Laboratory tests are performed on two types: the
remolded test and the undisturbed samples test. In
situ tests are classified three types: slug test
performed
in
cutoff
wall,
large
scale
pumping/injection tests performed using wells
located in the aquifer contained by the cutoff wall,
and piezocone penetration test with pore pressure
dissipation [16, 17]. The CPTU technology, as a
new kind of testing technique, can be used to
measure the tip resistance, sleeve friction, pore
pressure and record excess pore pressure dissipation
procedure. Compared with the laboratory
oedometer and other tests, the CPTU is faster and
more economic, and it can give continuous soil
profiles with depths. The c and k of SBCW can be
predicted accurately from CPTU data [18, 19, 20].
However, SBCW was never used in landfill
site in China before, let alone using CPTU to
evaluate the soil properties and feasibility of
SBCW. In this study, CPTU soundings were carried
out at Taizhou landfill site in Jiangsu province in
China. A mixture with 5% bentonite and 95% insitu soil were selected to produce a slump of 100 to
150 mm for the mixture cutoff wall. The results of
pore pressure dissipation show two kinds of
dissipation curve named as standard dissipation
curve and non-standard dissipation curve. The
purpose of this study is to make an attempt in
utilizing CPTU to evaluate the consolidation and
permeability characteristics of SBCW with
different methods. The parameters from the CPTU
analysis are then compared with laboratory results.

piston sampler with the 76mm diameter.
When the sampler was withdrawn from a borehole
in SBCW, the soil samples at the end of the tube
were excavated for waxing sealing at both ends. A
special sample box was used to reduce disturbance
during the transportation of soil sample [17].
Soil sample disturbance has a significant
influence on the measured stress-strain- strength
behavior of soft clays. The change in pore volume
relative to the initial pore volume ǻH  HR  ZDV
used to quantify soil sample disturbance, for the
purpose of quantifying the degree of soil sample
disturbance and rate the soil sample quality [15].
The laboratory test includes basis soil
characterization such as Atterberg limits, water
content, void ratio, specific gravity of soil particles
and one-dimensional consolidation tests. Table 1
summaries the laboratory soil properties for the
different depths of CPTU 2# of landfill site. Table 2
shows the bentonite properties used for the SBCW.
CPTU Tests. The CPTU measures pore
pressure at four locations which have been
described [21]. This study uses a cone with 10 cm2
cross sectional area, 150 cm2 sleeve friction surface
area, 35.6 mm cone bottom diameter and 5 mm
component thickness at the u2 location. Penetration
device are controlled by hydraulic piston to ensure
cone penetrate at a constant speed of 20 mm/s. Five
boreholes named CPTU 1#, 3#, 4#, 5#, 6# are in the
SBCW body, while another borehole named CPTU
2# is in the natural soil nearby the SBCW about 100
cm. The width of the trench is 0.6 m, length is 15
m, and depth is 10 m. Each penetration depths are
larger than depths of cutoff wall. Pore pressure
dissipations tests were conducted on 3#, 4#
boreholes in the cutoff wall, and 2# borehole in
natural soil. During pause when piezocone is
penetrated, excess pore pressure generated around
the cone will begin dissipating, and keep a detailed
record with time until the pore pressure decrease to
hydrostatic pressure.
Figure 1 gives an example of CPTU profile
obtained in natural soil nearby the SBCW. Four soil
layers are identified from Figure 2. The cone tip
resistance (qt) is about 2.0 MPa and remains
constant above the depth 8.4 m, while sleeve
friction (fs) is about 50 kPa. Both the qt value and
fs value decrease while u2 value increases
markedly in silty sand layer and the u2 value is
positive in that soil layer. Figure 2 gives an
example of CPTU profile obtained in the SBCW
body. The cone tip resistance is less than 0.2 MPa,
while the sleeve friction is less than 15 kPa. Two
CPTU profiles show the different soil properties
between natural soil and SBCW. Both cone tip
resistance and sleeve friction values of natural soil
are larger than those of SBCW.

SITE DESCRIPTION
Taizhou city is located in the Southeast
Jiangsu province of China, adjacent to the
Changjiang River. The area is a part of Jianghuai
Plain and its total area is 5787 km2. The test site
covers the area of 33.2 acres and is primarily rolling
with scattered and denuded monadnocks.
The natural soil can be divided into four
layers. The soil layer is composed of 3 m sandy silt,
1 m silty clay, 3 m sandy silt and then silty sandy
from top to bottom soil layers. The cutoff wall soil
is composed of about 6 m-10 m soil bentonite
mixture, below which is silty sand. The
groundwater table was about 1.8 m at the time of
tests.

TESTING PROGRAM
Laboratory Tests. Boreholes were drilled and
high quality samples were taken for the laboratory
test. The soil samples were collected by a stationary
6070
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1.89
1.84
1.89
1.82
1.91
1.88
1.85

2.72
2.70
2.69
2.68
2.68
2.69
2.70

0.892
0.919
0.874
0.994
0.818
0.869
0.921

35.2
35.3
35.8
36.4
32.3
35.0
33.8

Ip (%)

Il (%)

12.3
8.1
6.9
5.5
5.7
7.4
8.4

0.70
0.44
0.41
0.82
0.53
0.41
0.74

22.9
27.2
28.9
30.9
26.6
27.6
25.4

ch. The t50 values are determined using the
following Equation:
Ut  U0
U
(1)
Ui U0
where U is the degree of excess pore pressure
dissipation; Ut is the values of measured pore
pressure at time t; Ui is the initial pore pressure; U0
is the equilibrium in-situ pore pressure. Here, if U
is the 50% degree of excess pore pressure
dissipation, then Ut is the values of measured pore
pressure at time t50.
Teh and Houlsby [28] proposed an Equation to
evaluate ch
T50 2
ch
r
(2)
t50

TABLE 2
Bentonite properties used for the Taizhou
landfill site
Soil
Gs
wl (%) wp
IP
type
(%)
Benton 2.45-2.55 200.8
39.8 161.0
ite

INTERPRETATION METHODS OF
DISSIPATION TEST RESULTS
The excess pore pressures generated around
the cone begin to dissipate when the cone
penetration stopped. The excess pore pressures can
be recorded clearly with time [22]. According to the
changed trend of the excess pore pressure
dissipation curve, the measured dissipation curves
are generally either standard or non-standard, and
these are generally associated with low or high
values of OCR, respectively [23]. For standard
piezocone with shoulder filter elements, soft clay
and silt with low OCR values present a
monotonically decreasing response with time, while
stiff clay and silt with high OCR values show
dilatory behavior, in which pore pressure increasing
from the initial value to a maximum, and then
decreasing to hydrostatic values [24, 25, 26, 27].
Different methods can be utilized to evaluate the ch
according to the different types of pore pressure
dissipation curves.

where the time factor T50 is related to location
of the filter element and the size of the cone (T50 =
0.245); t50 is the measured time for 50% dissipation;
fs (kPa)

qt (MPa)

Soil profile
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FIGURE 1
CPTU 2# results in natural soil nearby SBCW

Interpretation method of standard pore
pressure dissipation curve.

qc (MPa)
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Teh and Houlsby method [28]. Teh and
Houlsby [28] presented a numerical solution to the
subsequent consolidation problem in terms of the
rigidity index Ir = G/su, (where G is the shear
modulus and su is the undrained shear strength of
the soil) as well as ch. Previous researchers show
that the Teh and Houlsby [28] solution has a much
higher accuracy for determining the ch [29, 30]. An
important time, named t50 can be used to evaluate

4
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u2
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FIGURE 2
CPTU 4# results in SBCW body
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96.0
90.5
97.5
95.5
96.9
94.8
92.7

Depth (m)

31.5
30.8
31.7
35.4
29.6
30.6
31.6

Depth (m)

Sampling
Depth (m)
1.7
4.7
6.7
8.0
11.0
12.8
16.7

TABLE 1
Natural soil properties used for the Taizhou landfill site
w (%)
Gs
e
Sr (%) wl (%)
wp (%)
U (g/cm3)
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r is radius of cone. Robertson et al. [29] reviewed
some dissipation data from CPTU to predict ch
using Houlsby and Teh [31] solutions with
reference values from laboratory tests and field
observations.

uc From back-extrapolation

Pore Pressure(Kpa)

Staight line

Interpretation method of non-standard
pore pressure dissipation curve. Burns and
Mayne [24] proposed a method that combined
cavity expansion and critical state soil mechanics
theories to evaluate the ch. Sully et al. [25] proposed
two methods, such as shifting the time to point
where the measured pore pressure is a maximum
(logarithm of time) and fitting a square root of time
plot to post-maximum pore pressure dissipation
curve. Chai et al. [23] developed an empirical
equation to correct t50 to t50m. There are some
possible reasons leading to this non-standard pore
pressure dissipation curve. Coop and Worth [32]
shown that the shear induced dilatant behavior will
cause excess pore pressures in a zone near the
shoulder and shaft of cone to be lower than those in
the adjacent soils. Teh and Houlsby [28] shown the
unloading effect is a main reason through the
predicted strain distributions around a cone from
the strain path analysis. Pore pressure at cone tip
can cause the pore pressure at the shoulder to
increase. Poor saturation of filter elements also can
cause pore pressure a sluggish changing behavior
[24].

Pore pressure rise
due to dissipation

t50

u0

Square root of time (s)

FIGURE 3
Back-extrapolation from square root of time [25]
time is simple to apply, it over-estimates the t50
value, because the method ignores the pore pressure
redistribution effect in the vicinity of the cone.
Based on many numerical results, Chai et al. [23]
using cylindrical cavity expansion simulations and
developed an empirical equation to correct t50.
t50
(3)
t
50 m

§t
·
1  18.5 ¨ u max ¸
t
© 50 ¹

0.67

§ Ir ·
¨
¸
© 200 ¹

0.3

where t50m is corrected time for 50% excess pore
pressure dissipation, tumax is time for the measured
excess pore pressure to reach its maximum value,
t50 is time difference between the maximum and
50% of the maximum excess pore pressure. For a
given t50m value, the ch value can be calculated with
the following equation

Logarithm of time method [25]. In the
normalizing dissipation record, the initial maximum
pore pressure is taken as a peak value that occurs
during the post penetration increase. The time when
the peak value happens is considered as the new
zero time with all other times adjusted accordingly.
A new normalized dissipation curve, which based
on a logarithm of time method, should be plotted.
After shifting the origin time, a non-standard
dissipation curve has been corrected to a monotonic
dissipation curve. This method is considered to be
theoretically acceptable, because it adjusts the
dissipation so that a monotonic reduction of a
maximum value to in situ equilibrium occurs
thereby removing the anomalous effect [25].

ch

cpr 2 Ir
t50 m

(4)

where cp is a factor related to the size of the cone
and the location of the filter element. For the u2
location of the filter element and 10cm2 crosssectional area, cp = 0.245.

RESULTS AND ANALYSIS
Interpretation dissipation curves. For a
standard piezocone with filter for pore pressure
measurement at the u2 location, there are two kinds
of dissipation curves obtained from CPTU test in
SBCW. One type shows monotonic decreasing of
pore pressure with time consuming. Another shows
a dilatory pore pressure behavior. In this paper, the
monotonic pore pressure dissipation is analyzed by
Teh and Houlsby [28] method, while the nonstandard pore pressure dissipation is analyzed by
three methods. Forcalculating the ch value, the
determination of dissipation time t50 is the main
step in standard or non-standard dissipation tests .
The pore pressure dissipation curve types and the
using methods in SBCW from CPTU data are listed
in the Table 3.

Square root of time method [25]. Sully using
back-extrapolation on a square root of time plot to
adjust dissipation test. For the purpose of getting a
modified uc for the corrected dissipation curve, the
dissipation after the peak caused by unloading
effects and redistribution of pore pressure, initially
depicts a straight line which can be backextrapolated to t = 0 (Figure 3).
Chai et al. [23] method. Although Sully et al.
[25] logarithm of time method of shifting the origin
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TABLE 3
Pore pressure dissipation type in SBCW from CPTU
CPTU
number
CPTU 4#
CPTU 3#
CPTU 4#
CPTU 4#
CPTU 4#
CPTU 4#

CPTU 3#

Dissipation
depth (m)
1.95
2.25
3.10
5.35
6.50
8.90
3.60
4.35
4.75
5.50
7.10
9.55

Pore pressure
dissipation curve

Methods

Standard dissipation

Teh and Houlsby method [28]

Non-standard dissipation

Chai et al. method [23]
Logarithm time method [25]
Square root time method [25]

TABLE 4
Summary of standard pore pressure dissipation test results in SBCW from CPTU
CPTU
Dissipation
Excess pore pressure
t50
ch
number
depth (m)
(kPa)
(s)
(10-3cm2/s)
CPTU 4#
1.95
26.61
190
4.11
CPTU 3#
2.25
31.10
1000
0.78
CPTU 4#
3.10
22.60
1050
0.74
CPTU 4#
5.35
18.10
840
0.93
CPTU 4#
6.50
13.11
300
2.60
CPTU 4#
8.90
7.19
490
1.59
curve, the t50 value 1985s was corrected to a new
t50m value 574 s. The value of t50 / t50m is 3.46. In
order to consider the effect of pore pressure
redistribution in the vicinity of the cone from the
shifting the origin of time, the t50 value should be
corrected to a smaller t50 value. All the values of
method are listed in Table 5. And the value of t50 /
t50m in SBCW of Taizhou landfill site in China is
from 1.93 to 3.46. Although Equation (4) had been
developed for the standard dissipation curve, the
value of ch can also be calculated by Equation (4)
with t50 value substituted by the t50m value.

Standard pore pressure dissipation.
Considering a much higher accuracy and
convenience, the method proposed by Teh and
Houlsby [28] is probably most widely used for
evaluating ch from CPTU data [29]. After getting
the water level, the excess pore pressure can be
calculated. Table 4 shows the t50 and ch values from
standard pore pressure dissipation tests. It is clear
that the excess pore pressures are in the range from
7.19 kPa to 31.10 kPa, and t50 values are from 190 s
to 1050 s. The ch values of SBCW calculated by
substituting t50 values to Equation (2) are in the
range from 0.7×10-3 cm2/s to 4.1×10-3 cm2/s.

1.2

Normalized excess pore pressure, U

Non-standard pore pressure dissipation.
Shear induced dilatant behavior and the unloading
effects may be the main reasons leading to the nonstandard dissipation type. Figure 4 shows the
measured dissipation data for SBCW from Sully et
al. [25] logarithm time method. The maximum
excess pore pressure for the dissipation test is taken
as the peak value, and the time at which the peak
occurs is taken as a new zero time of dissipation
test. The t50 value of CPTU 3# with depth 7.1 m is
1985 s.
Figure 5 shows a non-standard pore pressure
dissipation curve of CPTU3# with depth 7.1m for
SBCW from Chai et al. [23] method. From the

0.8

0.6

Time is taken equal to
zero at the maximum value

0.4

0.2

0.0
1

10

100

1000

10000

Logarithm time (s)

FIGURE 4
Measured dissipation data for SBCW from Sully
et al. [25] logarithm of time method
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CPTU
number
CPTU 3#
CPTU 4#
CPTU 3#
CPTU 3#
CPTU 3#
CPTU 3#

TABLE 5
Summary of non-standard dissipation test in SBCW from CPTU
Dissipation
tumax
chm
t50
t50m
t50/t50m
depth (m)
(s)
(s)
(s)
(10-3cm2/s)
9.96
23
1.97
3.60
271
534
1.67
485
2.78
4.35
1621
4515
3.81
265
2.98
4.75
710
2115
0.91
235
1.93
5.50
2985
5765
4.71
345
3.46
7.10
574
1985
9.55
95
805
277
2.90
9.74

Figure 6 illustrates a non-standard dissipation
curve for SBCW of pore pressure verses square root
of time plot. This method issues that initial part of
pore pressure dissipation curve should be corrected
by extrapolating the close to linear part of the curve
after the maximum value. The value at the
intersecting location of extrapolation line and
vertical axis can be treated as new initial value.
Figure 7 shows the new initial ui value 73.3 kPa of
CPTU3# with 7.1 m depth. The t50 value is 1361 s.
However, based on the long time required to reach
50% dissipation of excess pore pressure, some
dissipation have not reached 50%, which present an
incomplete piezocone dissipation. In non-standard
dissipation tests, only CPTU3# with 3.6 m, 7.1 m
and 9.55 m depths have reached 50% dissipation.
Figure 7 shows a square root of time extrapolation
method for short-duration dissipation records.
Linear t50 value can be estimated by this method.

FIGURE 6
Measured dissipation data for SBCW
48
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Pore pressure (kPa)

20

umax

Excess pore pressure (kPa)

18
16

Depth 4.35m from CPTU4#
in incompleted dissipation curve
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Dissipation stopped here

32

linear t50
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u0

Depth 7.1m from CPTU3#
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24

20
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FIGURE 7
Short-duration dissipation records in SBCW
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Horizontal coefficient of consolidation
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FIGURE 5
Non-standard pore pressure dissipation for
SBCW from Chai et al. [23] method
Horizontal coefficient of consolidation.
Figure 8 shows a comparison of ch values estimated
from Teh and Housbly [28] method and laboratory
tests in standard dissipation test. It is shown that ch
values obtained by both methods are very close to
each other. The ch values estimated from Teh and
Housbly [28] method based on CPTU data are
slight higher to laboratory test results.
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8
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CPTU results
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FIGURE 8
Comparison of ch profiles of standard
dissipation in SBCW from CPTU data and
laboratory results
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Elsworth and Lee [18] method. The
equation proposed by Elsworth and Lee [18] for
calculating the in situ value of k is

In all three non-standard dissipation methods
based on CPTU, Figure 9 shows the ch values
estimated by Chai et al. [23] method, which are
highest and most close to laboratory results. It is
clear that the results evaluated by laboratory tests
are slight higher that the values estimated by square
root of time method. Moreover, square root of time
method can result in a slight higher ch value than
logarithm of time method. Because of correcting t50
to t50m, the values of ch estimated by Chai et al. [23]
method are approximately 1.7-6.9 times larger than
those estimated by logarithm of time method. In
fact, the ch values is affected by several factors,
such as sample disturbance, fabric effects,
inevitable errors from laboratory and CPTU test,
and the alternative methods. Therefore, the
difference in ch seems acceptable for practical
engineering applications. From the above research,
it shows that the Teh and Housbly [28] solution is a
feasible method in standard dissipation test and the
Chai et al. [23] solution is a feasible method in nonstandard dissipation test.

2

Chai method [23]
Laboratory tests
Sully square method [25]
Sully logarithm method [25]
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0.01
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FIGURE 9
Comparison ch of non-standard dissipation in
SBCW from CPTU and laboratory results

Elsworth and Lee method [18]
Baligh and Levadoux method [33]
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Horizontal hydraulic conductivity, kh (cm/s)

(a)

(5)

where Ȗw is the unit weight of the water, Ȗw = 10
kN/m3; ı v0 is initial vertical effective stress in the
wall, and RR is recompression ratio, which
represents the strain per log cycle of effective stress
during the recompression and can be determined
from laboratory consolidation test (RR=0.5×10-2 to
2.0×10-2). The kh values are obtained by directly
substituting ch values to an Equation (5) in Baligh
and Levadoux [33] method.

1E-7
Elsworth and Lee method [18]
Baligh and Levadoux method [33]

1E-8
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4
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7

8

9

Depth (m) of CPTU 4#

(b)
FIGURE 10
Comparison of kh in SBCW from CPTU
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2

Depth (m) of CPTU 3#

Horizontal hydraulic conductivity. Baligh
and Levadoux [33] method. The kh values can be
obtained by substituting ch values in following
Equation:

kh

(9)

1E-7

1

Jw
RRch
2.3V vc0

(8)

where qt is the total cone tip resistance, and ıv0 is
the initial total vertical stress.
The kh values of SBCW from two CPTU
methods are shown in Figure 10. In Baligh and
Levadoux [33] method, the kh values are estimated
from ch, which are obtained by Teh and Housbly
method in standard dissipation and Chai method
[23] in non-standard dissipation.

2

4

(7)

where Bq and Qt are the dimensionless pore
pressure ratio and dimensionless tip resistance
respectively, defined as

0.1
0

4

1
Bq Qt

kD

Horizontal hydraulic conductivity, kh (cm/s)

Depth (m)



1E-4

(6)

where a is the radius of the cone, U is the rate of
cone penetration, KD is a dimensionless hydraulic
conductivity index, which can be expressed as

Horizontal coefficient of consolidation
2
ch (cm /s)
1E-5
0

K DUaJ w
4V vc0

k

10
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sparging remediation. Environmental
science & technology, 44(10), pp. 3883-3888,
(2010)
[2] Xue, Q. Li, J. S. and Liu, L. Experimental
study on anti-seepage grout made of leachate
contaminated clay in landfill. Applied Clay
Science, 80, pp. 438-442. (2013)
[3] Du, Y. J. Fan, R. D. Reddy, K. R. Liu, S. Y.
and Yang, Y. L. Impacts of presence of lead
contamination in clayey soil±calcium bentonite
cutoff wall backfills. Applied Clay Science,
108, pp. 111-122. (2015)
[4] Bohnhoff, G. L. and Shackelford, C. D.
Consolidation Behavior of Polymerized
Bentonite-Amended Backfills. Journal of
Geotechnical
and
Geoenvironmental
Engineering, 140(5), 04013055. (2013)
[5] Jang, W. Y. Chung, S. G. and Kweon, H. J.
Estimation of coefficients of consolidation and
permeability via piezocone dissipation tests.
KSCE Journal of Civil Engineering, 19(3), pp.
621-630. (2015)
[6] Manassero, M. Hydraulic conductivity
assessment of slurry wall using piezocone test.
Journal of geotechnical engineering, 120(10),
pp. 1725-1746. (1994)
[7] Rumer, R. R. and Ryan, M. E. Barrier
containment technologies for environmental
remediation applications. Wiley-Interscience.
(1995)
[8] Yeo, S. S. Shackelford, C. D. and Evans, J. C.
Consolidation and hydraulic conductivity of
nine model soil-bentonite backfills. Journal of
Geotechnical
and
Geoenvironmental
Engineering, 131(10), pp. 1189-1198. (2005)
[9] Fan, R. D. Du, Y. J. Reddy, K. R. Liu, S. Y.,
and Yang, Y. L. Compressibility and hydraulic
conductivity of clayey soil mixed with calcium
bentonite for slurry wall backfill: Initial
assessment. Applied Clay Science, 101, pp.
119-127. (2014)
[10] D'Appolonia, D. J. Soil-bentonite slurry trench
cutoffs. Journal of Geotechnical and
Geoenvironmental Engineering, 106(ASCE
15372). (1980)
[11] Millet, R. A. Perez, J. Y. and Davidson, R. R.
USA practice slurry wall specifications 10
years later. In Slurry walls: Design,
construction, and quality control. ASTM
International. (1992)
[12] Bohnhoff, G. L. and Shackelford, C. D.
Hydraulic conductivity of polymerized
bentonite-amended backfills. Journal of
Geotechnical
and
Geoenvironmental
Engineering, 140(3), 04013028. (2013)
[13] Bo, M. W. Arulrajah, A. Leong, M.
Horpibulsuk, S. and Disfani, M. M. Evaluating
the in-situ hydraulic conductivity of soft soil

Figure 10a and Figure 10b show the
comparison of kh values of CPTU 3# and 4#
respectively from both methods. Both comparisons
show that the kh values estimated by Elsworth and
Lee [18] method are little higher than the results
estimated by Baligh and Levadoux [33] method. It
shows the kh values of SBCW are in the range 0.3~
4.5×10-8 cm/s in Baligh and Levadoux method.

SUMMARY AND CONCLUSIONS
Utilizing soil-bentonite mixed with soil as a
material of cutoff wall in landfill site is the first
attempt in China. In standard dissipation curve, the
ch values estimated from Teh and Housbly method
based on CPTU data are very close to laboratory
test results. In non-standard dissipation curve, the ch
values estimated by Chai method are largest and
most close to those evaluated by laboratory tests.
The results evaluated by laboratory tests are slight
higher that the values estimated by Sully square
root of time method. Moreover, Sully square root of
time method can result in a slight higher ch value
than Sully logarithm of time method. The values of
ch estimated by Chai method are approximately 1.76.9 times larger than those estimated by Sully
logarithm of time method.
Reliable hydraulic conductivity of SBCW can
be estimated conveniently by the CPTU dissipation
test with Baligh and Levadoux method or Elsworth
and Lee method. The kh values estimated by
Elsworth and Lee method are little higher than the
results estimated by Baligh and Levadoux method.
From CPTU pore pressure dissipation tests, the kh
values of SBCW are in the range 0.3~4.5×10 -8
cm/s, which meet the designed kh requirement very
well. It is feasible for SBCW with 5% bentonite
content in Taizhou landfill site. This study
confirmed the potential for use of CPTU tests to
investigate the reliability of soil-bentonite backfill
as a suitable material for cutoff wall in landfill site
in China.
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NATURAL SPHAGNUM TRANSPLANTATION FOR HEAVY
METALS REMOVAL FROM DEGRADED RIVERINE
WETLAND WATER IN NORTHEAST CHINA
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community in the wetland ecosystem, but also
significantly contributes to carbon sequestration[3],
moisturize, and absorbent of toxic chemicalas N/P
[4,5] or heavy metal [6].And sphagnum has been
cultivated in many countries such as Canada, Finland,
Chile, Germany, Japan, South Korea, etc, under
specific water level conditions [7].But China riverine
wetlands have extreme fluctuations which may affect
water quality and destroy plant growth[8].The
floating bed has been widely applied to the open
water environment for addressing potentially
damaging effects of, for example, agricultural
runoff[9], eutrophic lake waters[10], urban
stormwater[11,12], river water[13]etc.
Therefore, we could take advantage of water
level fluctuation adaptability of the floating bed [14]
and heavy metal adsorption capacity of Sphagnum,
that is to say, we would use floating beds with
Sphagnum to remediate heavy metal in a violent
fluctuating degraded riverine wetland.The aim of the
study is to investigate heavy metal removal in
fluctuating riverside wetlands in Songhua River, by
combining floating beds with sphagnum moss, and
give explanatory information by using the method.

ABSTRACT
Floating beds with two different eutrophic
Sphagnum mosses, Sphagnum fallax and Sphagnum
squarossum, were used for heavy metal removal
from fluctuating degraded riverine wetlands in
Songhua River. Results indicated that Sphagnum
moss was adapted to water quality fluctuation in the
presence of toxic Cr. The increasing quantity or blue
shift of the peak position in fulvic acid-like played a
promoting role in the removal of heavy metals in
degraded wetland water. The accumulation of five
heavy metals in Sphagnum fallax was in order of Fe >
Mn > Cr > Zn > Cu, with Sphagnum fallax retaining
the greatest ability to accumulate Fe up to 1780.01
ug/g. While Sphagnum squarossum retained superior
potential for Mn accumulation for a long time. This
study could be useful for better understanding of
heavy metals restoration in fluctuating degraded
riverine wetlands by eutrophic Sphagnum mosses.

KEYWORDS:
Sphagnum moss; floating bed; degraded wetland; water
level; heavy metal

MATERIALS AND METHODS
INTRODUCTION
Studied sites.The study was conducted in a
degraded wetland in the city of Fujin (47.23481oN,
131.96415oE). The lower reach of the Songhua River
in China runs a total length of 267 km through the
areas of the Sanjian Plain from Jiamusi to Tongjiang.
Fujin is located on the southern bank of the lower
reaches of the Songhua River and within the
Sanjiang Plain.The wetland study area is typical and
representative of this location (Fig.1).Water quality
of the lower reaches of Songhua River is poor indry,
normal and wet seasons and just meets class IV or V
water quality of the national quality standard of
China (Environment Quality Standard of Surface
Water in China, GB 3838-2002) [15], while the

Floodplain freshwater wetlands are mainly
located in nature reserves of China. Human
destruction and water pollution has produced
significant damage to riverside wetlands in the lower
reaches of Songhua River and causing water
purification function to degenerate rapidly.
Especially heavy metal pollution presence in aquatic
environments has been more intensely concentrated
[1,2].Urgent need persists for proper ecoremediation technology to ameliorate the damage
and provide restoration and environmental
protection.
Sphagnumis not only a key organism
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from 200 nm to 450 nm at 5 nm sampling
intervals.The X-axis and Y-axis represented the
emission spectra (EM) and
the excitation
wavelength (EX), respectively.

wetland landscape of transient floodand perennial
water were formed due to seasonal fluctuation of
water levels.
Lower Reaches of Songhua River

RESULTS AND DISCUSSION
Sphagnum
biodiversity
and
transplantation.Sphagnum
species
from
transplantation area A and B in Xingkai Lake were
identified.The results indicated the presence of
different species in areas A and B. Transplantation
area A contained Sphagnum squarossum, Sphagnum
flexuosum and Sphagnum fallax which grew in lowlying water and high water level conditions[17]
while transplantation area B contained Sphagnum
squarossum and Sphagnum auriculatum.The most
dominant species Sphagnum fallax and Sphagnum
squarossum, belonging to the entrophic species,
were the iconic Sphagnum species of area A and B in
Xingkai Lake.

Degraded Wetland in Fujin City

FIGURE 1
General view of the study sites.

System configuration and operation strategy.
Five floating beds were designed uniformly as
follows. Sphagnum moss was transplanted into
polyethylene barrels with punching around the
bottom and then fixed in the plastic foam board.
Following construction with Sphagnum fallax (I) and
Sphagnum squarossum (II, III, IV, V),the floating
beds were submerged in water to a depth of 1.5 cm.
Sphagnum fallaxwas transplanted from area A in
Xingkai Lake (45.35049oN ˈ 132.35049oE) while
Sphagnum squarossum was transplanted from area B
(45.34889 oN, 132.29316 oE). The perennial water
area was selected to study water purification of the
degraded wetland river area (Fujin test
area).Enrichment of heavy metals was assessed after
the four month term of the experiment from June
2014 to October, 2014.

TABLE1
Characteristics and environmental parameters
before Sphagnum transplant

Analytical
procedure.
Sphagnum
fallax,Sphagnum squarossum and water samples
were collected from Xingkai Lake in June, 2014,
while samples from Fujin test area were got in July,
September and October, 2014, respectively.
Furthermore, water levels were measured at different
sampling time. Fresh weight of plant samples was
tested on the collected day and air drying samples
were grinded for testing their heavy metals
concentrations
using
atomic
absorption
spectrophotometry(AAS) (GBC 932, Australian)
after digestion with concentrated HNO3 and
HClO4[16].DOC was quantified by a TOC-VCPH
Total Organic Carbon Analyzer(SHIMADZU,
Japan).The samples were diluted with water to the
final DOC value of approximately 5 mg/L.3DEEM
spectra measurements were conducted using a
luminescence
spectrometry
(F-4500
FL
spectrophotometer, Hitachi, Japan). The 3DEEM
spectra were collected with corresponding scanning
emission spectra from 250 nm to 600 nm at 5 nm
increments by varying the excitation wavelength

Sphagnum
fallax
(ug/g dry
weight)

Cu

4.83

Sphagnum
squarossu
m
(ug/g dry
weight)
13.28

Zn

18.2

38.7

-

-

Fe

523.35

1610

642

2733

Mn

164.73

750.68

163.5

1138.5

DOC
pH

-

-

39810

56150

-

-

6.33

6.21

water
water
quality quality
in
in area
areaA
B (ug/L)
(ug/L)
159.5 276.5

Characteristics and environmental parameters
of Sphagnum before transplantation are displayed in
Table 1. The contents of Cu, Zn, Fe and Mn in
Sphagnum fallax were 4.83, 18.20, 523.35 and
164.73ug/g dry weight, respectively, while that of
Sphagnum squarossum were 13.28, 38.70, 1610 and
750.68 ug/g dry weight, respectively. Cr and Pb
measured in samples were generally below the limit
of detection(0.01 and 0.04 mg/L for Cr and Pb,
respectively). Water quality parameters from
transplantation area A were as follows: pH 6.33, Fe
642, Mn 163.5, Cu 159.5, DOC 39810 ug/L, and
from transplantation area B: pH 6.21, Fe 2733, Mn
1138.5, Cu 276.5, DOC 56150 ug/L, respectively.
Concentrations of Zn in these waters were lower than
the detection limit (0.001 mg/L). Results suggested
that contents of Cu, Zn, Fe and Mn in Sphagnum
squarossum were significantly higher than those in
Sphagnum fallax, in accord with water
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FIGURE 2
Spatial and temporal variations of water quality and water level in Fujin test areas.

anthropogenic sources, was exhibited in the presence
of toxic chromium.Variability of urban stormwater
ponds water quality, similarly driven by dynamic
hydrologic conditions and associated input of
pollutants, demonstrated the plant biomass increased
gradually [21].
Content of DOC also fluctuated with change of
water level throughout the entire experiment in June,
July, September and October. The concentrations
were 5.24, 8.50, 5.96 and 11.85 mg/L, respectively.
High DOC, related to diffusion of exogenous
pollutants in flooding period and release of
endogenous pollution in low water period,was
beneficial for the growth of Sphagnum species.
3DEEM fluorescence spectroscopy was introduced
to distinguish and quantify source material and
chemical compositions of DOM from different water
samples [22]. The specific peak and intensity in
3DEEM spectra represent the specific type and
concentration of DOM [23].The 3DEEM spectra
over the experimental period displayed in Fig. 3.
Results indicated that transplantation samples
retained two types of fluorescent substances
including fulvic-acid like(Ex/Em of <250/>350 nm)
and humic acid-like(Ex/Em of >280/>400 nm)
encompassed peaks T1 and T2, respectively [24,25].
All Fujin test area samples exhibited only a 3DEEM
center of fulvic-acid like with peaks T1 (June, July,
6HSWHPEHU2FWREHU 3HDNSRVLWLRQRIÀXRUHVFHQFH
emission shifts to a shorter wavelength (a blue shift)
in the period from June to October, with a nearly
identical peak type, indicating the water quality
change did not fundamentally change the
composition and chemical structure of DOC.The
fluorescence index (FI, the ratio of emission
intensity at 450 nm to that at 500 nm with an
excitation of 370 nm), was utilized to distinguish
between DOM derived from microbial versus

quality of transplantation area, that is, these
Sphagnum might have a good ability of enrichment
for heavy metals. The two species were also suitable
for the partial acid (pH < 6.5) environment [18],and
though water pH was in Funjin test area was
generally between 7.0 and 7.8 with a mean value
equal to 7.4 during the monitoring period, selfadjustment and adaptability of the eutrophic
Sphagnum species were likely effective in removing
heavy metals from polluted water.
Spatial and temporal variations of water
quality and water level.Spatial and temporal
variations of water qualities and water levels in the
study period are displayed in Fig.2. Results indicate
that water levels were from medium, high and low
from June to October, 2014 in the Fujin test
areas.Compared with test in June, concentrations of
Cu, Fe, Mn and Cr significantly rose when the
highest water level in July reached 130 cm, which is
possibly due to pollutants diffusion in July (flooding
period). Highest concentrations of heavy metals
appeared in October (low water period) due to the rerelease and high contents of heavy metals in
sediments. Larger fluctuations of Fe and Mn in
polluted water occurred throughout the experimental
period while the content of Cu was remained
stable.Fe and Mn content in groundwater in
northeast China, such as low Fe and high Mn in
Shenyang (Liaoning Province, China)and high Fe
and high Mn in Harbin (Heilongjiang Province,
China) may explain this phenomenon[19]. High Fe
and Mn concentrations in plants from the abundant
presence of Fe and Mn in the water and sediment
sourced from the geological structure of the study
area also occurred[20]. Zn and Pb were absent in
samples during the whole experiment. Exceptional
Sphagnum survivability,
from natural or
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FIGURE 3
Three-dimensional excitation and emission matrix fluorescence spectroscopy of different water samples.
(Samples of transplantation area A (a), transplantation area B (b), June (c), July (d), September (e) and
October (f) in Fujin test areas). The main peaks were identified as T1 and T2.

terrestrial sources[26]. FI of terrestrial DOM was
revealed as less than 1.4, while FI of microbial DOM
was larger than 1.9[27]. FI of the transplantation
areas sampleswas 0.84-0.87and was similar in June,
July and September (FI<1.4), indicating that
terrigenous humus was the dominate DOM resulting
from the decay process of peat forming in those
areasand diffusion of exogenous pollutants. The FI
in October was measured at 1.94, indicating that
microbial products were the dominated DOM in this
period.Increasing content of fulvic acid (fig.3(d)) or
blue shift of fulvic acid fluorescence position
(fig.3(f)), however, may be key factors affecting
increasing heavy metals content in the test area
waterswith high DOC (flood period and low water
period).

Effects of different Sphagnum moss on heavy
metal accumulation. The enrichment capacity of Cu,
Zn, Fe, Mn and Cr in Sphagnum fallax and
Sphagnum squarossum is presented in Fig. 4 and
Fig.5. Results indicate that contents ofCu, Zn, Fe,
and Mn were 4.83, 18.2, 523.35 and 164.73 ug/g dry
weight, respectively, in the early transplant of
Sphagnum fallax (floating bed I) in June 2014, while
Cr was absent in all samples. Following four months
water quality fluctuation at floating bed field, the
contents of Cu, Zn, Fe, Mn, and Cr in Sphagnum
were 5.88, 23.85, 2303.35, 284.48 and 109.9 ug/g
dry weight, respectively. Enrichment contents of Cu,
Zn, Fe, Mn, and Cr in plants were 1.05, 5.65, 1780.01,
119.75 and 109.9 ug/g dry weight (Fig. 4),
respectively, and
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harvest is vital to maintaining purification efficiency
and operates to flush accumulated nutrients that
otherwise may be returned to the water environment
during the decomposition processes [32, 33].The
biomass harvest was subsequently applied as a
valuable commodity for use[34, 35] as animal feed,
biogas, biomaterials, etc. Confirmation was realized
in this study for successful use of transplanted
eutrophic Sphagnum in heavy metals removal from
polluted
water
with
economic
benefits
simultaneously obtained by the production of
valuable materials generated from biomass harvest.

accumulation of the five heavy metals was in order
of Fe > Mn>Cr> Zn> Cu. The enrichment effect of
toxic Cr was higher than that of Cu and Zn, while
lower than that of Fe and Mn. These results may
partially explain the major role of Sphagnum in
reducing the effect of high heavy metal.Sphagnum
fallax also exhibits the greatest ability to accumulate
Fe up to 1780.01 ug/g, which mainly because of the
role of Fe in respiration as activators of enzymes
LQYROYHG LQ JO\FRO\VLV DQG .UHEV¶ F\FOH [28]. Cu
exhibited the lowest accumulationas it reduces
photosynthesis rates and respiration of aquatic
moss[29].Cr concentration in the studied area was
higher than other metals during the whole
experiment (Fig.2), butthe accumulation of the
highly toxic metals like-Cr was lower comparing to
the other metals like Fe and Mn in Sphagnumˈwhich
is possibly due to long-term acclimation of
Sphagnum under high content of Fe and Mn in
Sphagnum transplantation area. However, Cr
presence in Sphagnum still suggested that
remediation of Cr in degraded wetland water
environments could be realized utilizing floating
beds and phytoremediation.
Contents of Cu, Zn, Fe, Mn, and Cr in
Sphagnum squarossum(Fig.5) exhibited distinct
trends in different floating beds (II, III, IV, V) from
June to October. The content trend of Cu reduced
after the rise,and an enrichment phenomenon was not
obtained due to the Cu toxic effect.The content of
Mn demonstrated a similar fluctuation, also with
absence of enrichment phenomenon;however, the
relatively high content of Mn showed enrichment
ability of Sphagnum squarossum. Accumulation of
Mn in Sphagnum squarossum, may require more
time, while Mn enrichment in Sphagnum fallax is
more rapid. Zn content in Sphagnum squarossum
exhibited a decreasing trend, which was associated
with lower content of Zn in water. Accumulationof
Fe and Cr in Sphagnum squarossum was 1034.16 and
109.36 ug/g dry weight in average, respectively. The
relatively high content of DOC in July and October
may be more beneficial to heavy metal enrichment
which is consistent with results of Limpens[30],
indicating that DOC concentration is a key factor to
the growth of Sphagnum.
Sphagnum fallax successfully accumulated Fe,
Mn, Cu, Zn and Cr in the order of
Fe>Mn>Cr>Zn>Cu, while accumulation of Fe and
Cr in Sphagnum squarossum was limited. The
enrichment ability of Fe in Sphagnum fallax was
superior to that in Sphagnum squarossum.While
Sphagnum squarossum and Sphagnum fallax had
similar enrichment ability for Cr. Factors affecting
the bioavailability and uptake of heavy metals by
plants included pH, temperature, organic matter,
etc.[31]. Sphagnum fallax effectively restored water
bodies polluted by Fe, Mn and Cr, while Sphagnum
squarossum contributed significant potential for Mn
remediation for a long period.Periodic biomass

CONCLUSIONS
Heavy metals pollutant removal from water
was proven feasible and economically practical with
transplanted eutrophic Sphagnum floating beds.
Although the presence of toxic Cr, Sphagnum moss
had good adaptability for water quality
fluctuation.Availability of heavy metals from
polluted water couldbe promoted by DOC content
increaseˈespecially increasing content of fulvic-acid
like or peak position blue shift in fulvic acid-like.The
accumulation of five heavy metals in Sphagnum
fallax in order was Fe>Mn>Cr>Zn>Cu, indicating
effective restoration of water bodies which were
polluted by Fe, Mn and Cr, while Sphagnum
squarossum exhibited significant potential for Mn
remediation for a long time. Sphagnum biomass
applied for heavy metal treatment must be harvested
periodically to recover pollutants and the harvest
products utilized as valuable materials.
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macrophytes and microbes. The emergent
macrophytes absorb nutrients from the water directly
in the absence of soils, meanwhile, the hanging
network of roots provides large biologically active
surface area for biochemical process as well as
physical processes such as filtering and
entrapment[7-9]. Oxygen released from emergent
macrophytes root systems creates oxidized
microenvironment, thereby stimulating microbial
activities[10]. Hence, emergent macrophytes are
considered as the key part of floating bed systems.
The selection of emergent macrophytes concerns the
purification capacity of ecological floating beds.
Many studies have been carried out on screening out
of dominant species, which grows well in the
absence of soil and has high capacity on nitrogen and
phosphorus
removal[2,
11-13].
Although
Phragmites australis, Eichhornia crassipes and
Canna indica were always considered as suitable
plant spices in ecological floating beds construction,
locale-dependence of these macrophytes in the
capacity of nitrogen and/or phosphorus removal was
also observed, suggesting that the adaptability to the
local climate and capacity on the pollutants removal
of emergent macrophytes should be examined before
used in the construction of ecological floating beds.
There were few applications of ecological
floating bed in the cool temperate zone, especially in
Heilongjiang Province, China. And there were few
studies focused on the pollutants removal capacity of
emergent macrophytes in regions with similar
climates to Heilongjiang Province. Hence, the
present study aims at screening out suitable emergent
macrophytes for regions with similar climate to
Heilongjiang Province through the comparison on
the capacity and process of nitrogen and phosphorus
removal.

ABSTRACT
Ecological floating bed is a powerful technic in
the remediation of surface water with eutrophication.
Emergent macrophytes are the key part of ecological
floating bed systems. Laboratory experiments were
conducted to compare the nitrogen (N) and
phosphorus (P) removal ability of floating beds
constructed with reed (Phragmites australi), rice
(Oryza sativa), canna (Canna indica) and calamus
(Acorus calamus). All four macrophytes perfomed
well in the nitrogen and phosphorus removal in the
northeastern China. The mean removal efficiencies
of TN were 91.5 %, 84.0 %, 92.9 % and 89.9 % for
floating beds constructed with reed, rice, canna and
calamus, respectively, and the removal efficiencies
of TP were higher than 77.0 %. Nutrient removal was
mainly due to plant uptake with rates of N and P up
to 66.9% 67.3% respectively. The growth condition
for roots is the major factor influencing the
purification ability. The canna and reed are more
suitable for application in the northeast of China.

KEYWORDS:
nitrogen, phosphorus, ecological floating bed, emergent
macrophyte

INTRODUCTION
Nitrogen (N) and phosphorus (P) removal is an
urgent task in the restoration of surface water with
eutrophication. Ecological floating beds has been
widely used in solving such problems in many
countries and regions[1-4]. It is recognized as an
alternative to constructed wetlands in the surface
water remediation for the advantages on cost both in
constructed and management, environmental
impacts, and tolerance of variable water depths[5, 6].
Ecological floating beds remove nutrients from
water via the combined actions of emergent

MATERIALS AND METRODS
Description of study site. The study was
6087
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carried out near Small Khanka Lake, southeast of
Heilongjiang Province, PRC. The region is
characterized as the temperate continental monsoon
climate with the annual average temperature of 3.54.2 Ԩ, frost-free days of 140 d and mean annual
precipitation of 520-550 mm. The TN and TP
concentrations of water in Small Khanka Lake were
1.68 mg/L and 0.19 mg/L, respectively, which could
be classified as moderate eutrophication.
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potassium
persulfate
digestion
ammonium
molybdate spectrophotometric method and PO43--P
were determined under ammonium molybdate
spectrophotometric method method (GB11893-89).
The plant samples were digested by H2SO4-H2O2 for
the detection of nitrogen and phosphorus.
Statistical analysis. Data processing was
carried out using Excel 2013 (Microsoft, USA) and
SPSS18.0 (SPSS Corporation, USA). The
Kolmogorov-Smirnov test was applied to verify
whether the distribution of the variables was normal.
The significance analysis was performed using oneway ANOVA (LSD test and Student-Newman-Keuls
test).

Experimental design. Pot-experiments were
conducted at the lakeside*UHHQSODVWLFEDUUHOV ĳî
H = 33 cm × 34 cm) were used as reactors. Four
different emergent macrophyte species, namely reed
(Phragmites australis), calamus (Acorus calamus),
rice (Oryza sativa) and canna (Canna indica), were
tested respectively. Reed and calamus were collected
around the Small Khanka Lake, and rice and canna
were bought from the local market. The heights of
reed, rice, calamus and canna were about 30, 15, 20
and 20 cm, respectively. Each barrel covered with a
piece of foam board (W× L× H = 25 cm × 25 cm × 4
FP RQZKLFKKROHV ĳ FP ZHUHERUHG)RU
ecological floating beds constricted with reed,
calamus or canna, one plant was fixed in each hole,
while 5 plants were fixed in each hole for rice
ecological floating beds.
Eutrophic wastewater was confected by
introducing KH2PO4 and NH4NO3 to the lake water.
And some characteristics of the raw water were TN
9.63 ± 0.85 mg L-1, TP 1.02 ± 0.14 mg L-1, and pH
6.82 ± 0.10. Seven 10-day cycles were implemented.
All of the experiments were arranged in triple, and a
treatment without plant (marked with CK) was also
arranged.

RESULTS
Nitrogen and phosphorus removal in
ecological floating beds. The performances on
nitrogen and phosphorus removal varied in plant
species. As shown in Fig. 1, the mean values of TN
concentrations at the end of periods were 0.83, 1.56,
0.68 and 0.94 mg/L for ecological floating beds
constructed with reed, rice, canna and calamus, with
the removal efficiencies of 91.5 %, 84.0 %, 92.9 %
and 89.9 %, respectively. The TN removal capacity
of ecological floating beds constructed with reed and
canna were higher than others. Furthermore, in these
ecological floating beds, the TN removal efficiencies
were high even in the first period. In contrast, the TN
removal efficiency of rice ecological floating beds
was quite low, which was only a bit higher than the
CK treatment. For TP removal, canna and reed
ecological floating beds also showed a better
performance, of which the mean TP removal
efficiencies were 96.2 % and 92.4 %, respectively.
Both ecological floating beds of rice and calamus
showed poor P removal capacity at the first two
periods. And the calamus ecological floating bed had
the lowest removal efficiencies on TP (77.0%).
Even the removal efficiencies on nitrogen and
phosphorus of ecological floating beds were similar
in the last period, shown as the almost same final
concentrations of nutrients, the removal processes of
nitrogen and phosphorus were quite different. As
described in Fig. 2, in the ecological floating beds
constructed with reed and canna, the nitrogen
degradation processes were alike, while that of the
ecological floating beds constructed with rice and
calamus shared another pattern. The mean removal
rates of TN in the first 2d in the ecological floating
beds constructed with reed and canna were 4.20 and

Sample preparation and analysis. At the first
and last day of each cycle, water samples were
collected and analyzing for the pH values, the
concentrations of total nitrogen (TN), ammonia
nitrogen (NH4+-N), nitrate (NO3--N), total
phosphorus (TP) and phosphate (PO43--P). For a
further understanding of the nutrients removal
process, more water samples were collected on Day
2, 4 and 7 for the last cycle. After the experiment, all
of the plants were harvested and separated into roots
and shoots. The fresh and dry weights,
concentrations of nitrogen and phosphorus of the
samples were measured.
For the water samples, the concentrations of TN,
NH4+-N and NO3--N were detected using alkaline
potassium
persulfate
digestion
UV
spectrophotometric method (HJ 636-2012), Nessler's
reagent colorimetric method (GB7479-87) and UV
spectrophotometric
method
(HJ
346-07),
respectively; TP were determined using alkaline
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FIGURE 1
The concentration and removal efficiencies of TN and TP at the end of seven periods
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FIGURE 2
The changes of TN(a), NH4+-N(b), NO3--N(c), TP(d), PO43--P(e) and pH(f) of the water in the last period
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TABLE 1
The biomass and nutrient concentration of plants (in dry weight)
Shoot

Reed
Rice
Canna
Calamus

Root

Dry Weight
(g/pot)
27.83±3.89
23.55±8.40
38.11±2.06
12.45±4.39

Nitrogen
(mg/g)
17.1±1.8
19.4±2.6
11.6±0.4
24.2±6.8

Phosphorus
(mg/g)
1.72±0.15
2.53±0.54
1.80±0.14
2.53±0.56

Dry Weight
(g/pot)
27.95±1.87
7.60±2.47
58.59±5.82
26.2±7.12

Nitrogen
(mg/g)
10.4±0.3
16.3±3.0
8.45±0.15
21.5±2.4

Phosphorus
(mg/g)
1.67±0.05
1.67±0.29
1.58±0.04
2.88±0.66

TABLE 2
Comparison of nutrient removal from wastewater and plant uptake
N

Reed
Rice
Canna
Calamus

P

Plant
uptake
(mg/pot)
675±46
554±117
906±63
662±112

Total
removal
(mg/pot)
935±2
825±35
910±2
853±31

Plant uptake
contribution
(%)
72.2±4.9b
66.9±12.0b
99.6±7a
77.1±22.6b

Plant
uptake
(mg/pot)
79.0±5.9
66.5±10.7
106±2
64.6±23.8

Total
removal
(mg/pot)
92.3±2.1
98.7±2.9
110±1
84.6±0.8

Plant uptake
contribution
(%)
85.6±5.9b
67.3±9.7c
96.4±2a
76.3±28.0bc

FIGURE 3
The growth condition of four macrophytes root systems

4.14 mg L-1d-1, respectivly, which were much higher
than those of calamus (1.77 mg L-1d-1) and rice (1.54
mg L-1d-1). Moreover, in reed and canna floating beds,
the degradation rate of NH4+-N and NO3--N
approximately equaled; in calamus and rice floating
beds, the NH4+-N concentrations decreased much
faster than NO3--N concentration. This might

indicated different degradation pathways of nitrogen.
For phosphorus removal, the mean TP removal rates
of canna, reed, rice and calamus floating beds
were 0.45, 0.44, 0.34 and 0.23 mg L-1d-1 in the first
2 days, respectively. The concentrations of PO43--P
in canna and reed systems decreased faster than rice
and calamus systems.
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ecological floating beds, it worthies to be paid more
attention. And these data also indicated that a 10-day
period was more than enough for ecological floating
beds to purify eutrophic water with 10 mg/L nitrogen
and 1.0 mg/L phosphorus.
In ecological floating bed system, the processes
of nitrogen and phosphorus removal include plant
uptake, nitrification/denitrification, microbial uptake,
complexation, precipitation and volatilization[14].
Since the pH value in all floating bed systems were
lower than 7.5 (Fig. 2f), it was unlikely that any
significant amount of NH4+-N was lost due to
volatilization[15]. And the rapid decreasing of
ammonium prevented any loss of N through
volatilization. In the last period, NH4+-N
concentrations decreased rapidly in all four floating
bed systems, with mean concentration decreasing
from 4.70 mg/L to 0.38 mg/L in the first 2 days
(Fig.2b). Rapid degradation of NH4+-N was probably
due to the combine effects of nitrification and plant
uptake. The increase on NO3--N concentration
during the first 4 days in the control system (Fig.2c)
proved that nitrification occurred. The NO3--N
decreased slower than NH4+-N in the rice and
calamus floating bed systems, indicating nitrification
also occurred in floating bed systems. The root
systems of rice and calamus were smaller than those
of reed and canna, the adsorption rate of NO3--N was
also less. This resulted in different nitrogen removal
patterns in floating bed systems. In floating beds
constructed with reed and canna, the nitrogen
degraded faster and the NO3--N, as the product of
nitrification, did not accumulated significantly, while
in rice and calamus floating beds contrary
phenomenons were observed. The removal rate of
phosphorus in reed and canna floating beds were also
higher than those in rice and calamus floating beds.
It can be concluded that the growth condition of root
systems is the major factor influencing the
purification ability of plants. Large root systems
could promote the assimilation of nutrient by plant,
transport more oxygen to water, and provide more
bacteria living sites. The microbial activities
(assimilation, nitrification and denitrification) could
remove great amounts of nitrogen [6, 12].
In the present study, the plant uptake was the
main pathway of nitrogen removal, as it account for
more than 66.9% of the total TN removal, and the
contribution of plant uptake to P removal was higher
than 67.3% (Table 2), indicating plant uptake was
also the major pathway of phosphorus removal. As
the mean removal efficiency of TN and TP in control
system was 48.7% and 62.5 %, other processes, such
as complexation, precipitation, microbial uptake and
nitrification/denitrification, could not be neglected.
However, these processes were inhibited in floating
bed systems because plant absorbed most of the
nitrogen and phosphorus rapidly.

As nutrients were absorbed via roots, the
differences of root systems of the emergent
macrophytes might result in the variation on
nutrients removal. The root systems of the four
ecological floating beds were shown in Fig. 3. It can
be seen clearly that canna had the largest root system,
followed with reed, calamus and rice. This order was
the same to the degradation rates of nutrient,
indicating root system might be the key factor
influenced nutrient removal rates.
Plant growth and nutrient uptake. Plant
uptake, which was determined by both biomass and
the nutrient concentrations, is the most important
pathway of nutrient removal. The biomass and
nutrient concentrations of the plants harvested after
7 cycles were summarized in Table 1. The dry
biomass of shoots ranked from 12.45 to 38.11 g/pot,
and those of roots were from 7.60 to 58.59 g/pot for
the 4 species tested. Nitrogen contents in shoots
ranked from 11.6 mg/g for canna to 24.2 mg/g for
calamus. And nitrogen contents in roots were lower
than those in shoots. The phosphorus contents, in
which no significant differences were observed
between species, ranked from 1.72 mg/g to 2.53
mg/g in shoot and 1.58 mg/g to 2.88 mg/g in root,
respectively. Canna had the largest biomass in both
shoot and root, however, the contents of both
nitrogen and phosphorus were the lowest. And
calamus had the highest nitrogen and phosphorus
content both shoot and root.
The accumulation of nitrogen and phosphorus,
and the contribution of plant uptake on nutrient
removal were listed in Table 2. As canna had the
highest biomass in both shoot and root, the
accumulation of nitrogen and phosphorous were also
higher than other plants. Canna accumulated 906 mg
N/pot and 106 mg P/pot. Second to canna, reed
accumulated 675 mg N/pot and 79 mg P/pot. Rice
and calamus shared the lowest N and P accumulation,
which were about 850 mg N/pot and 65 mg P/pot.
The contribution of plant uptake on nitrogen
removal were 72.2 %, 66.9 % , 99.6 % and 77.1 %
for reed, rice, canna and calamus, respectively.
Those data for phosphorus were 85.6 %, 67.3 %,
96.4 % and 76.3 % accordingly. And significant
differences (p < 0.01, LSD test) were observed
between canna and other emergent macrophytes.

DISCUSSION
More than 80 % of nitrogen and phosphorus
were removed in a 10-day period. For reed and canna
systems, the removal efficiencies were higher than
90 % (Fig. 1). This indicated that ecological floating
beds had great purification capacity on both nitrogen
and phosphorus. Couple with other advantages of
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artificial vegetated floating island. Ecosystem
and Sustainable Development 181, 171-182.
[2] Garbett P. (2005) An investigation into the
application of floating reed bed and barley straw
techniques for the remediation of eutrophic
waters. Water and Environment Journal 19,
174-180.
[3] Kansiime, F., Oryem-Origa H. and Rukwago S.
(2005) Comparative assessment of the value of
papyrus and cocoyams for the restoration of the
Nakivubo wetland in Kampala, Uganda. Physics
and Chemistry of the Earth, Parts A/B/C 30,
698-705.
[4] 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.
[5] Headley T. R. and Tanner C. C. (2008) Floating
treatment wetlands: an innovative option for
stormwater
quality
applications.
11th
International Conference on Wetland Systems
for Water Pollution Control, Indore, India.
[6] Stewart F. M., Mulholland T., Cunningham A.
B., Kania B. G. and Osterlund M. T. (2008)
Floating islands as an alternative to constructed
wetlands for treatment of excess nutrients from
agricultural and municipal wastes-results of
laboratory-scale tests. Land Contamination and
Reclamation 16, 25-33.
[7] Körner S. and Vermaat J. (1998) The relative
importance of Lemna gibba L., bacteria and
algae for the nitrogen and phosphorus removal
in duckweed-covered domestic wastewater.
Water Research 32, 3651-3661.
[8] De Stefani G., Tocchetto D., Salvato M. and
Borin M. (2011) Performance of a floating
treatment wetland for in-stream water
amelioration in NE Italy. Hydrobiologia 674,
157-167.
[9] Tanner C. C. and Headley T. R. (2011)
Components of floating emergent macrophyte
treatment wetlands influencing removal of
stormwater pollutants. Ecological engineering
37, 474-486.
[10] Reddy K. R., D'angelo E. M.and DeBusk T. A.
(1990) Oxygen transport through aquatic
macrophytes: the role in wastewater treatment.
Journal of Environmental Quality 19, 261-267.
[11] Fang Y. Y., Yang X. E., Chang H. Q., Pu P. M.,
Ding X. F. and Rengel Z. (2007)
Phytoremediation of nitrogen-polluted water
using water hyacinth. Journal of plant nutrition
30, 1753-1765.
[12] Sun L., Liu Y., and Jin H. (2009) Nitrogen
removal from polluted river by enhanced
floating bed grown canna. Ecological
Engineering 35, 135-140.
[13] Revitt D., Worrall P. and Brewer D. (2001) The

For nutrient accumulation, biomass was a more
important factor than the nutrient concentration. The
biomass of canna was far higher than others.
Although canna had the lowest nitrogen and
phosphorus concentrations in both shoots and roots,
it accumulated more nitrogen and phosphorus than
the other three plants. Reddy et al. reported plant
uptake of eight aquatic macrophytes accounted for
18-39 % of total nitrogen removal, and 12-73% of
total phosphorus in summer, in which the initial
wastewater characteristics were TN 26-29 mg/L and
TP 3.1-3.4 mg/L respectively, and the water was
replaced once a week[10]. Except those values, the
direct contribution of macrophytes to the N and P
removal in this study was also higher than other
published results[16,17]. The reason may be that the
nutrient was inadequate in our experiment, as the
initial concentrations of N and P was only 9.63 mg
N/Land 1.02 mg P/L, and the wastewater was
replaced every 10 days. The growth of macrophytes
utilized most of N and P of the wastewater.

CONCLUSION
1) Ecological floating beds showed good
performances both in the nitrogen and phosphorus
removal in Northeastern China. In the treatments of
reed, rice, canna and calamus, the mean removal
efficiencies of TN were 91.5%, 84.0%, 92.9% and
89.9% respectively. And removal efficiencies of TP
ranked from 77.0% to 96.2%. The floating beds
constructed with canna and reed performed better
than others in the nitrogen and phosphorus removal,
and can be applied in Northeastern China.
2) The plant uptake was the main progress of
nutrient removal, as its contribution rate was up to
66.9% for N and 67.3% for P. The growth condition
of root is the major factor influencing the purification
ability of macrophytes, and should be a reference
index in plants selection.
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2

are common device to process pollutants of the
groundwater[9-12]. The packing of PRB included
iron powder, activated carbon, zeolite and biological
materials which could remove pollutants through
adsorption, chemical precipitation, oxidation
reduction and biochemical reaction[13-17].
Commonly used material was cheap iron, iron could
effective adsorb and decrease a variety of heavy
metals and organic matters[18]. The use of Fe(0)PRBs for treating polluted groundwater was close to
two decades[19]; however, more researches were
still required to provide sufficient information of
reactive mechanisms about combined pollution of
heavy metals and organic matter and predict longterm performance of PRBs[20]. The purpose of this
paper is to evaluate the efficiency of iron pillar
towards Cr( Ď ) and TCE removal, evaluate the
effects of precipitation on the iron surface through
Scanning Electron Microscopy (SEM), EnergyDispersive Spectrometry (EDS) and Raman
spectroscopy.

ABSTRACT
In order to determine the reducing effect of
zero-valent iron powder(Fe(0)) on the mixed
pollution of hexavalent chromium (Cr( Ď )) and
trichloroethylene (TCE), an iron pillar was designed
to dispose TCE and Cr(Ď) from synthetic polluted
groundwater at room temperature and iron powder
surface was detected by Scanning Electron
Microscopy
(SEM),
Energy-Dispersive
Spectrometry (EDS) and Raman spectrometry. The
results showed that through 200 d of running Cr(VI)
removal rate changed from 96.4% to 82.6% and TCE
removal rate ranged from 94.8% to 85.2%. Fe(0) and
Cr(VI) precipitations were produced like Cr(OH) 3 ,
Cr2O3, Fe(OH)3, Fe2O3 and (CrxFe1 ˉ x)(OH)3 that
could depose on the surface of iron and hinder the
rate of Fe(0) reducing reaction.
KEYWORDS:
Hexavalent chromium, trichloroethylene, groundwater,
zero-valent iron, precipitation.

MATERIALS AND METHODS
INTRODUCTION
The organic glass pillar, water tanks and
peristaltic pump were used as experimental
apparatus (Figure 1). The height of the pillar was 60
cm, and the diameter of the pillar was 8 cm. Quartz
sand of 2 cm thick was laid on the bottom of the
pillar, and iron powder was filled on the quartz sand
with a certain set of water space at the head of the
pillar. On the side of the pillar five sampling ports
were set, and the distance between two sampling
ports was 10 cm. Sampling ports were closed with
rubber stoppers, and syringes tied to the rubber
stoppers were used to take samples. Polluted ground
water containing CrĎ and TCE were lifted by
peristaltic pump from the bottom to the up of the
pillar from the influent water tank with 10 ml/min of
flow velocity. The running time of the pillar was 200
d at room temperature.
About 40 mesh of iron powder with purity of
98.5% was used as reducing agent to remove Cr(Ď)
and TCE. The content of impurities of iron powder
are shown in Table 1.

Hexavalent chromium (Cr( Ď )) and
trichloroethylene (TCE) are two kinds of common
pollutants found in polluted groundwater[1].
Excessive Cr Ď  has a lethal effect on aquatic
organisms and the experiments showed that drinking
water contaminated by Cr(Ď) can cause cancer[2].
TCE is cumulative anesthetics of central nervous
system and it hurts liver, kidney and heart[3].
Because of the dangers of CrĎand TCE on the
environment some economic and effective methods
must be used to deal with them. Pump and treat
technologies and in situ remediation technologies are
two broad approaches[4]. Pump and treat
technologies has a few shortcomings: difficult to
remove contaminants thoroughly; limited influence
radius of drawn wells groups; should not be used for
poor permeability or NAPL (Non Aqueous Phase
Liquids) aquifer[5]. In situ remediation included
electric repair, bioremediation and chemical
remediation[6-8]. PRBs (Permeable Reactive Barrier)
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Impurities

Mn

TABLE 1
Content of iron powder impurities
Si
C
S
Compressibility

Content˄
˄%˅̰

0.30

0.11

0.02

0.02

6.5

Insoluble of HCl
0.45

equation[21-22]: Fe0+ RCl+H+ĺ)H2++ RH+Cl-. In
this reaction process hydrogen ions are consumed.
The reaction of Fe(0) and Cr(VI) is base on the
ˉ
following
equation[23]:Cr2O72
ˉ
+2Fe0+7H22ĺ&U3++14OH +2Fe3+. In this process
hydroxyl ions are produced. Therefore, removal of
TCE and Cr(VI) using Fe(0) making pH rise. Before
28 days pH increased quickly, because passivation
membrane had not formed on the iron surface, and
reaction rate was fast. After 28 days, some iron
reactive products formed at the bottom of the pillar,
covered the surface of iron, and decreased the
reaction rate. Hence pH of sampling ports of bottom
had not obvious change but pH of the upper ports still
rose.

FIGURE 1
Experimental apparatus
The compositions of the experimental water
were clean groundwater adding 10 mg/L of Cr (Ď)
and 5 mg/L of TCE.
Experimental instruments and their models are
shown in Table 2. Acetylene - air flame atomic
absorption spectrometry was used to measure
Cr(VI), gas chromatography was used to measure
TCE and SEM, EDS and Roman spectrum were used
to analysis iron powder surface.

TABLE 2
Instruments and models

RESULTS AND DISCUSSION
Change of pH. In order to study pH change
with running time pH of each sampling port was
measured at regular intervals. From the bottom of the
pillar sampling ports were sequence numbered Port
1, Port 2, Port 3, Port 4 and Port 5. The test results of
pH are shown in Figure 2.

Instruments

Models

Atomic absorption
spectrophotometer
Gas chromatography
Peristaltic pump
Roman spectrum
pH meter
Scanning electron microscope
˄with EDS˅

TAS-990 Super
Agilent 6890N
BT-50EA
Invia 2000
pHS-3E
HITACHI

Changes of Cr(VI) and TCE concentration.
In order to study Cr(VI) concentration changed with
time under long-term operation the daily average
concentration of effluent Cr(VI) were measure at
regular intervals. The curves of Cr(VI) concentration
and removal rate are shown in Figure 3.
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FIGURE 2
pH change with running time
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FIGURE 3
Cr(VI) removal with running time

During operation of 28 days, pH of all sampling
ports increased significantly. After 28 days, pH of
Port 5 remained fast rising trend, pH of Port 4
increased slowly and pH of other ports changed little.
The reaction between Fe(0) and chlorinated organic
compounds (RCl) is based on the following

In the whole operating process, the effluent
Cr(VI) concentration increased and Cr(VI) removal
rate declined continually. During 200 day of running
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attached to the iron powder surface have important
effects on the reaction of iron and the pollutants. For
qualitatively checking the iron powder surface
before and after iron pillar running, iron powder
were investigated by SEM. Figure 5(a) and Figure
5(b) are the raw iron powder pictures of different
magnification
before reaction. The raw iron
powder surface is smooth, and has rich holes without
mulches. After 100 day running a large number of
flocculation and granular materials cover on the iron
powder surface and some holes in iron powder can
be seen (Figure 5(c)and Figure 5(d)). But at the end
of the pillar operation, the iron powder surface is
covered large area of the materials and the original
holes are not clearly to be seen(Figure 5(e) and
Figure 5(f)). This is the reason why reaction rate
reduced at the end of running.

the effluent Cr(VI) concentration varied from 0.36
mg/L to 1.74 mg/L, accordingly, Cr(VI) removal rate
changed from 96.4% to 82.6%. In the reaction of Fe0
and Cr(VI) precipitations were produced like
Cr(OH)3 , Cr2O3, Fe(OH)3, Fe2O3 and (CrxFe1 ˉ
x)(OH)3 that could depose on the surface of iron and
hinder the rate of reaction. Specific reaction
equations are shown in Table 3[24]. Although
reaction rate became slow the removal rate of
effluent Cr(VI) was still above 80% at the end of
running.
TABLE 3
Reaction equations between Fe0 and Cr(VI)
Substep

Reaction equations

(1)

Cr2O72ˉ+2Fe0+7H22ĺ&U3++14OHˉ+2Fe3+

(2)

Cr3++3OHˉĺ&U 2+

(3)

2Cr3+ +6OHˉĺ&U2O3+3H2O

(4)

Fe3++3OHˉĺ)H 2+

(5)

2Fe3+ +6OHˉĺ)H2O3+3H2O

(6)

(1ˉx)Fe3++xCr3++3OHˉĺ &UxFe1ˉx)(OH)3

3

EDS detection of iron surface. In order to
determine what are the elements on the iron powder
surface and how much of their content, iron powder
surface was detected with EDS at the end of pillar
running, and EDS results are shown in Figure 6.
Figure 6(1) shows the scanning zone of iron powder
and Figure 6(2) shows the elements spectra. From
Figure 6 we can see the iron powder surface
contained the elements of carbon, oxygen, silicon,
calcium, chromium and iron. Among them sources
of silicon were impurities of the iron or sand from
the bottom of the columns, and carbon and calcium
come from influent. Oxygen and chromium come
from potassium dichromate of influent. Weight
content and atom content of specific elements of iron
surface were shown in Table 4. These elements of
contents were sorted from high to low: iron ,oxygen,
carbon, calcium, silicon and chromium.
TABLE 4
Test results of EDS
Elements
Weight (%)
Atom (%)
C
6.20
16.52
O
19.86
39.73
Si
0.58
0.66
Ca
4.56
3.64
Cr
0.35
0.22
Fe
68.44
39.23
Total
100.00
100.00

3

To study TCE concentration changed over time
under Long-term operation the daily average
concentration of effluent TCE were measured at the
same intervals with Cr(VI). The curves of TCE
concentration and removal rate are shown in Figure
4. As the running time changed from 7 day to 200
day, effluent TCE concentration increased, and TCE
removal rate decreased. The effluent TCE
concentration changed from 0.26mg/L to 0.74mg/L,
accordingly, TCE removal rate changed from 94.8%
to 85.2%. According the reaction between Fe 0 and
TCE(Fe0+ RCl + H+ĺ)H2++ RH + Cl-) there were
not precipitations generating. But due to the presence
of Cr(VI) in the pillar, reaction between Fe 0 and
Cr(VI) generated some iron oxides that inhibited
the reaction of Fe0 with TCE. Therefore effluent TCE
concentration decreased consequently. But TCE
removal rate was still 80% above, the life of the iron
was sustainable.
100

0.8

95

0.6

90

0.4

85
TCE concentration
TCE removal

0

TCE removal(%)

TCE concentration(mg/L)

1

0.2

Raman detection of iron surface. The picture
of Raman spectrum of iron powder sampling from
Port 3 are shown in figure 7.
The Raman spectrum of iron surface had peaks
at 285.17, 366.93,549.85,610.82, and 698.13 cm-1,
and the corresponding materials were recognized as
Į-Fe2O3Ȗ-)H22+ Į-FeOOH, FeO and CaCO3
through the comparison with the relevant
literatures[25-26].

80
75

7
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FIGURE 4
TCE removal with running time
SEM pictures of iron surface. The products
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(a) Raw iron (Magnification of 500) (b) Raw iron (Magnification of 5000)

(c) Iron of 100d running (Magnification of 500) (d) Iron of 100d running (Magnification of 500)

(e) Iron of 200d running (Magnification of 500) (f) Iron of 200d running (Magnification of 1000)

FIGURE 5
Iron images of SEM
These products mainly included iron oxides and
calcium carbonate. Iron oxides were the products of
reaction of iron and Cr(VI) or TCE. Calcium
carbonate was derived from the original groundwater.
Chromium oxides were not detected on iron powder
surface. Because the sample quantity was a little,
there was no chromium oxide on the iron surface but
in the water. Iron oxides and calcium carbonate
covered on the surface of iron will affect iron
reaction rate with TCE and the chromium in the long
time running. The generation of iron oxides played a
key role on life of iron powder.

(a) Scanning zone

(b) Peak figure of the elements

FIGURE 7
The picture of Raman spectrum

FIGURE 6
EDS images
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THE EMBRYOTOXIC AND GENOTOXIC EFFECTS OF
WIDELY USED BETA BLOCKERS ON SEA URCHIN
(PARACENTROTUS LIVIDUS) EMBRYOS
Muhammet Ali Karaaslan*, Hatice Parlak
Ege University Faculty of Fisheries, Bornova - Izmir

systems or soils to the environment so they can be
regarded as persistent chemicals [6, 7]. This type of
chemicals can show different kinds of non-targeted
effects on the target or non-target organisms like
cytotoxicity or reproduction toxicity [8].
Beta adrenergic receptor antagonists, beta
blockers, are prescribing for hypertension,
congestive heart failure, migraine or tachycardia all
over the world. They have also illegal usage as a
doping in sports [8]. Their mode of action s on the
beta receptors which are mostly located in heart
muscles, smooth muscles and kidneys. As these
types of receptors may also be found in non ± target
organisms like fish or other invertebrate beta
blockers can affect these organisms. Beside the
expected impacts, depends on the concentrations of
chemical, unexpected side effects also can be
occurred like failure in reproduction or change in
genome structure. Beta blockers are not only toxic to
vertebrates or invertebrates they are also toxic to
photosynthetic organisms [9, 10]. Accompanying to
the development in analytic chemistry quantification
of beta blockers in the environment has become more
effective. Beta blockers were detected in the soils,
rivers, seas and even in tap waters [11]. It is assumed
that the biggest source of pharmaceuticals is waste
water treatment plants as they are not capable to
remove these compounds fully. Beta blockers after
releasing to aquatic systems can affect microbial
community, invertebrates or fishes [12].
The unexpected effects of pharmaceuticals can
be investigated by different methods or model
organisms. Sea urchin one of important component
of marine ecosystems has been used by different
researchers to assess effects of various pollutants like
metals, organic compounds or nanoparticles from all
over the world [12- 18]. As the biology of sea urchin
is well described and the gametes can be collected
without need of high - tech this method can be
applied
easily.
Additionally,
having
the
advantageous of being inexpensive and getting
results in short time sea urchin embryo toxicity
assays are great for determining the effects of
pollutants on aquatic environment. With this method
the effects of pollutants can be demonstrated in
different organismal levels like

ABSTRACT
Pharmaceutically active compounds have
attracted great attention last decades because of their
potential environmental affects. Beside the expected
impacts, depends on the concentrations of
pharmaceuticals, unexpected side effects also can be
occurred.
In our study the effects of Atenolol,
propranolol, metoprolol and nadolol are being
investigated by embryos of sea urchin Paracentrotus
lividus which is one of important member of aquatic
ecosystems. According to our results the EC50 values
of embryotoxicity are 0,232 mg/l for Propranolol;
9,32 mg/l for Metoprolol, 33,802 mg/l for Atenolol
and 53,08mg/l for Nadolol. Also we detect some
chromosomal abnormality like mitotic bridge and
scattered formations. According to the results, we
can have concluded that beta blockers have effects
on embryonic development of sea urchin and these
effects can be seen on embryonic stages, larval
development and cytotoxic level.

KEYWORDS:
Beta blockers, sea urchin, embryotoxicity, genotoxicity

INTRODUCTION
Pharmaceutically active compounds have
attracted great attention last decades because of their
potential environmental affects [1- 4]. Although
there is plenty amount of studies about
pharmaceuticals in environment there is very little
publication about their effects on ecosystems [5]. In
general, if the environmental concentrations of
compound are very low than the ecotoxicological
effects may be dismissed. This classical approach of
the ecotoxicology cannot be applied to these
compounds as pharmaceuticals are designed to show
their biological effects at low concentrations on the
target organisms like human, livestock animals or
plants. Pharmaceuticals are continuously releasing to
environment directly or indirectly via waste water
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Atenolol
Propranolol
Metoprolol
Nadolol

TABLE 1
The Concentrations used in experiments.
Embryotoxicity (mg/L)
Genotoxicity (mg/L)
10 20 40 80 100 120 10
20 40 60
0,5 1
2
2,5 3
0,25 0,5 1,0 1,5
20 40 60 80 100
20
40 60 80
20 40 60 80 100
20
40 60 80

100
2,5

seawater sperm were kept in dry until fertilisation.
After fertilisation 1 ml of sample was taken and
checked for the fertilisation membrane under
microscopy at the end of 10th minutes. 3 ml of
embryo solution was gently added to different
concentrations of beta blockers and filtered seawater.
After 72 hour larval malformations were scored
according to criteria defined by Pagano (1993).
Genotoxicity experiments were done according
to procedure defined before [16]. Briefly after
fertilisation embryos were objected to beta blockers
for 5 hours under controlled temperature (18 ±1 0C)
DQGWKHQWKH\DUH IL[HGLQ&DUQR\¶VVROXWLRQ $IWHU
changing the fluid with ethanol they are stained with
Acetoorcein and examined immediately. Number of
mitoses per embryo (MPE); percent of interphase
embryos (IE); and metaphase: anaphase (M/A) ratio
are the criteria that were considered . The
morphologic aberrations were anaphase bridges (B):
lagging (L) chromosomes, acentric fragments (AF);
multipolar
spindles
(MS)
and
scattered
chromosomes (SC) according to Pagano et. al.,
(2001) [19].
TABLE 2
Effective concentrations of tested
beta blockers in embryotoxicity.

cell, tissue or whole organism.
Genotoxic effects of pollutants are very
LPSRUWDQWDVRUJDQLVP¶VKHDOWKLVEDVHGRQJHQRPH
In our study the effects of Atenolol,
propranolol, metoprolol and nadolol are being
investigated by embryos of sea urchin Paracentrotus
lividus which is one of important member of aquatic
ecosystems. For this purpose, we exposed sea urchin
embryos to the selected beta blockers in order to find
out embryotoxic, genotoxic and cytotoxic effects of
them. According to our results the EC50 values of
embryotoxicity are 0,232 mg/l for Propranolol; 9,32
mg/l for Metoprolol, 33,802 mg/l for Atenolol and
53,08mg/l for Nadolol. Also we detect some
chromosomal abnormality like acentric fragment or
scattered formation. Considering all the results
obtained from tested beta blockers we can concluded
that beta blockers have effects on embryonic
development of sea urchin and these effects can be
seen on embryonic stages, larval development and
cytotoxic level.

MATERIAL AND METHOD
Selected beta blockers atenolol (Cat No:
A7655), Nadolol (Cat No: N1892), propranolol (Cat
No: P0884) and metoprolol (Cat No:M5391) was
purchased from SigmaAldrich. All chemicals
prepared accordinJWRPDQXIDFWXUHU¶VLQVWUXFWLRQDQG
according to final volume concentrations were
calculated.
Based on previous experiments for atenolol and
nadolol 6 concentrations were applied to assess
embryotoxic and genotoxic effects and 5 for other
beta blockers (Table 1).
Embryotoxicity and genotoxicity experiments
were done according to Pagano (1986) and detailed
in Arslan and Parlak (2007) [16]. In short adult
specimens of sea urchins (Paracentrotus lividus)
were collected from a clean area of the Turkish
Aegean coast, in the Izmir ± Seferihisar, which is not
exposed to any domestic and industrial waste water.
Gonads were taken and embryotoxicity and
genotoxicity tests were done separately. Seawater
taken from the natural environment was filtered and
used (35 psu, 18 0C ) to cultivate the embryos.
Embryotoxicity test starts with dissecting the
adult specimens of sea urchin (Paracentrotus
lividus) and gonads were taken eggs were kept in
filtered seawater and as they are become active in

Beta blockers
Propranolol
Metoprolol
Atenolol
Nadolol

EC50 mg/l
0,232
9,32
33,802
53,08

RESULT
All experiments were done and according to the
results of embryotoxicity propranolol were the most
toxic compound among the tested beta blockers
(Table2) and this is parallel to findings of Cleuvers
(2005), Dzialowski et al. (2006), and Maszkowska et
al. (2014)[3, 8 and 20]. They indicated that
propranolol probably because of having high
LogKow is more toxic than other tested beta blockers.
The environmental concentrations of the tested beta
blockers are lower than experimental concentrations
[21] but there is two important point must be taken
into consideration. First, classical wastewater
cleaning technology are insufficient to remove all
beta blockers [22] and besides
6101
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FIGURE 1
Results of Embryotoxicity experiments for tested beta blockers. N for Normal plutei and
T.A for total abnormalities (P1+P2)

result obtained from another sea urchin (Arbacia
lixula) spermiotoxicity study with Atenolol showed
the parallel findings with our previous study [12]. As
spermiotoxicity is sensitive bioassay for various of
pollutants like heavy metals, persistent organic
pollutants or nanomaterials [25 ± 28] according to
our results we can suggest that tested beta blockers
can threat the sea urchin population in the manner of
decreasing the fertilisation success.

developed countries like US or Germany and UK
mostly old technologies are being used for
wastewater treatment so further studies must be done
all over the world for environmental concentrations
of beta blockers. Secondly continuous release of
these chemicals make them more hazardous to the
aquatic organisms. In the cytotoxicity experiments
Caminada et al. (2006) [23], showed that among the
tested beta blockers again propranolol was the most
toxic one.
In parallel to increasing concentrations of beta
blockers abnormalities were also increased as classic
dose ± response curve in the plutei of sea urchin
(Fig.1). Mostly malformations were on the skeletal
or gastrointestinal system (as called P1) but also
there was embryos arrest of differentiation at the
gastrula stage (P2). Atenolol and nadolol has similar
EC50 values 33.802 and 53.08 mg/L respectively.
Metoprolol was also toxic to plutei even in the first
concentration (20 ppm) number of normal plutei was
decreased to % 30. Although in the fish embryo
toxicity test the NOEC value was 12.9 ppm [24]
according to our result the EC50 was 9,32 mg/L
probably because of endpoint criteria. Propranolol
was the most toxic compound and from the initial
concentrations toxic effects were seen and number of
healthy plutei was dramatically decreased at the
highest concentrations of all tested beta blockers
(Fig.2).
According to fertilisation success experiment
all tested beta blockers (Atenolol, metoprolol,
nadolol and propranolol) have negative effects
(p<0.005) on fertilisation. Sperm were also sensitive
to beta blockers as the fertilisation success decreased
from the first concentrations of beta blockers. The

FIGURE 2
Changes in the number of healthy plutei
In genotoxicity experiments there is an
important point that increased concentration does not
increase the abnormalities in mitotic stages as higher
concentrations causes cytotoxic effects. In the study
with Paracentrotus lividus Arslan and Parlak (2007)
[16] found that increasing concentration of
nonylphenol and octylphenol did not increase the
mitotic abnormalities in the sea urchin embryos as
cells were not be able to pass to mitotic phases.
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TABLE 3
Results of cytotoxicity experiments with the
tested beta blockers.
Atenolol
MPE %IE M/A %TMA/MPE
Control
3,428 0,852 2,409 0,018
10 ppm
1,733 1,037 1,458 0,039
20 ppm
0,478 1,815 1,344 0,022
40 ppm
0,233 2,741 1,050 0,009
60 ppm
0,078 3,000 1,167 0,002
80 ppm
0,056 3,185 5,000 0,000
100 ppm
0,000 3,333 0,000 0,000
Metoprolol MPE %IE M/A %TMA/MPE
10 ppm
1,4
1,67 1,56 0,040
20 ppm
1,32 2,15 2,83 0,039
40 ppm
1,36 1,41 1,79 0,065
60 ppm
1,33 1,38 1,76 0,067
80 ppm
0,51 2,33 3,07 0,018
100 ppm
0,04 3,22 4
0,001
Nadolol
MPE %IE M/A %TMA/MPE
10 ppm
0,88 2,33 1,46 0,0248
20 ppm
1,66 1,63 1,6 0,034
40 ppm
0,49 2,48 0,98 0,015
60 ppm
0
3,33 0
0
80 ppm
0
3,33 0
0
100 ppm
0
3,33 0
0
Propranolol MPE %IE M/A %TMA/MPE
0,1 ppm
1,344 1,48 1,51 0,024
0,25 ppm
1,067 1,01 1,72 0,106
0,5 ppm
2,033 1,26 1,55 0,048
1 ppm
1,844 1,26 1,44 0,036
1,5 ppm
2,222 1,7 1,27 0,061
2 ppm
1,311 1,59 1,42 0,087
2,5 ppm
1,000 2,15 2,43 0,057
* MPE: Mitosis per embryo; IE: embryos in
interphases; M/A: Metaphase/Anaphase; TMA/MP:
Total mitotic abnormality per embryo.

that can threat the population¶V future.
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EFFICACY OF COLOURED STICKY TRAPS IN CAPTURING
MUSHROOM FLIES (DIPTERA: PHORIDAE, SCIARIDAE
AND SCATOPSIDAE)
Inci Sahin1, Fedai Erler2,*, Mursel Catal2
1

Selcuk University, Faculty of Agriculture, Department of Plant Protection, 42000 Secuklu, Konya, Turkey
2
Akdeniz University, Faculty of Agriculture, Department of Plant Protection, 07070 Antalya, Turkey

recent years, mushroom flies have not been regarded
as pests in Turkey despite the fact that they can cause
serious damages to mushroom crop and compost.
Mushroom flies generally occur together in a
mushroom culture and also inhabit rotting wood,
decaying potato, and decomposing vegetables [6, 7].
Their females may lay eggs in the compost or casing
layer, and yield losses may result directly from their
larvae feeding on the mycelium and tunneling into
the caps and stems of the mushrooms. However,
larvae of Lycoriella spp. generally prefer to feed on
the compost rather than on mushrooms [3]. In
addition, adults of mushroom flies serve as vectors
for pathogenic agents, nematodes, mites, and other
contaminants [8, 9-11]. Uncontrolled populations of
any species of the mushroom flies can result in
substantial losses in yield due to both direct larval
action and associated disease spread by adult flies.
Control of mushroom flies in Turkey primarily
depends on applications of conventional synthetic
pesticides, although none of them are registered for
the control of these insects [1]. The continuous use
of these insecticides has resulted in resistance
development in mushroom fly populations [1], and
additinal tactics or methods need to be evaluated [12,
13]. The aim of this study was to evaluate the
effectiveness of three different coloured (yellow,
blue and white) sticky traps in capturing of
mushroom flies, M. halterata, Lycoriella ingenua
(Dufour) and Scatopse spp.

ABSTRACT
The present study was carried out in two
successive mushroom growing periods in 2014 to
determine the effectiveness of three different
coloured (yellow, blue and white) sticky traps in
capturing mushroom flies; mushroom phorid fly
Megaselia halterata Wood (Diptera: Phoridae),
mushroom sciarid fly Lycoriella ingenua (Dufour)
(Dip.: Sciaridae) and mushroom scatopsids Scatopse
spp. (Dip.: Scatopsidae). A total of 24 sticky traps (8
per colour) were used for weekly sampling, and traps
were hung about 25-30 cm above the compost bags,
at least 40 cm apart from each other. For each of the
two shelves of each mushroom production bunk,
including 6 compost bags, one trap of each colour
was hung, and the traps were replaced with fresh
ones at weekly intervals. The results showed that
yellow traps captured significantly more adults of L.
ingenua than blue and white traps in both growing
periods. There were no significant differences
between yellow and blue traps in terms of adult
catches of M. halterata and Scatopse spp. White
traps were the least effective in capturing all fly
species tested in both periods. Overall results
indicate that yellow and blue colours can be used to
enhance the effectiveness of sticky traps in capturing
the mushroom flies.

KEYWORDS:
Mushroom flies; Megaselia halterata; Scatopse spp.;
Lycoriella ingenua; coloured sticky trap

MATERIALS AND METHODS
Test materials. Three different coloured
(yellow, blue and white) sticky traps were tested for
their effectiveness in capturing of mushroom flies,
M. halterata, L. ingenua and Scatopse spp. Traps
were prepared using coloured (yellow, blue and
white) plexiglass plates (0.3 cm in thickness, 15 x 20
cm) and coated with a thin layer of a special sticky
substance, `Stikem-special®' (Mundubbera, QLD
4626 Australia). The compost used as a growing
substrate for A. bisporus and casing material were
provided by a commercial company (Ersanlar Ltd
Sti.) in the Antalya-Korkuteli district. The A15

INTRODUCTION
Mushroom flies, the phorid fly [Megaselia
halterata (Wood) (Diptera: Phoridae)], the sciarid
flies [Lycoriella spp. (Dip.: Sciaridae)] and the
scatopsid flies [Scatopse spp. (Dip.: Scatopsidae)]
are the most commonly encountered arthropod pests
in the Antalya-Korkuteli district (souhtwestern part
of Turkey) [1-4], where about 45% of mushroom
production and more than 50% of the total compost
production of the country are produced [5]. Until
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2nd Growing Period o

(smooth white) strain, one of the most commonly
grown varieties of A. bisporus in the district, was
used throughout the study.

Mean number of adults per trap

Insects. Insect material used in this study was
obtained from the cultures of M. halterata, L.
ingenua and a mix-cuture of Scatopse spp.
maintained in the laboratory by the method described
by Erler et al. [2-4]. Due to co-occurrence of several
species of scatopsid flies in the Antalya-Korkuteli
district, it is impossible to separate their adults
without examining their features from dead insect
material under a stereo-microscope. Therefore, a
mix-culture of scatopsid flies was maintained and
used in the study.
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Experimental site and design. The study was
carried out in the mushroom-growing cellar
(dimensions: 4.5 × 3.0 m) at the Campus of Akdeniz
University in two successive growing periods
(between March and November) in 2014. A total of
48 polyethylene bags, each including approx. 10 kg
of standard pasteurized and spawned compost, were
used during each growing period. Twelve bags (6 per

30

03.03.

24.07.

FIGURE 1
Weekly mean numbers of adults of Megaselia
halterata, Lycoriella ingenua and Scatopse spp.
caught on coloured (yellow, blue and white)
sticky traps in the 1st and 2nd growing periods of
2014. Means (with Standard Errors) per colour
from 8 traps on each sampling date .
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TABLE 1
rSEM) of mushroom flies caught on different coloured (yellow, blue and white)
Periodic mean numbers (r
sticky traps in both growing periods in 2014 (means were from 15 sampling dates)
Growing period I
Growing period II
Fly species
Yellow
Blue
White
Yellow
Blue
White
Megaselia halterata
10.5±1.2A*c** 9.0±2.5Ac 2.5±0.4Bb
9.6±1.6Ac
11.3±3.1Ac
4.1±0.6Bb
Lycoriella ingenua
96.5±14.8Aa 59.9±13.3Ba 10.5±1.3Ca
104.3±12.6Aa 56.7±8.0Ba 13.8±3.3Ca
Scatopse spp.
25.3±3.0Ab 23.4±3.0Ab 3.9±0.4Bb
24.7±5.2Ab
22.1±4.3Ab
4.7±0.8Bb
* Capital letters compare the same fly species in each of the both growing periods, and means followed by the same
capital letters are not significantly different (DMRT, P<0.05).
**Lower case letters compare all fly species only at the same colour in each of the both growing periods, and
means followed by the same lower case letters are not significantly different (DMRT, P<0.05).

shelf) were placed on each of the four growing
bunks in the cellar. The trial was carried out in a
randomized block design with eight replications.
Each shelf was considered as a block with 3
treatments (yellow, blue and white sticky traps) for
each growing period. As the experiments were
repeated in 2 separate periods, the total number of
replicates for each treatment throughout the study
was 16.

Multiple Range Test (DMRT; P>0.05). In addition,
the weekly mean numbers of adult catches of each
fly species (mean number per trap) are presented in
graphic form.

RESULTS
The efficacy of coloured (yellow, blue and
white) sticky traps in capturing mushroom flies, M.
halterata, L. ingenua and Scatopse spp. was
evaluated by weekly mean numbers of adults of each
fly species caught in coloured traps in both growing
periods (Fig. 1). In addition, periodic mean numbers
(mean number of each fly species per colour) are also
presented (Table 1).

Building-up
insect
populations
and
sampling. Because the Scatopse and Lycoriella
species prefer newly spawned but uncolonized
composted substrate [4, 14], collected adults of
Scatopse spp. and L. ingenua were introduced over
the spawned, but not colonized compost bags in the
growing cellar (for each one, hundred pairs;
100Ƃ:100ƃ). Unlike the previous groups, the larvae
of mushroom phorid flies are obligate mycetobionts
and directly reduce the growth of A. bisporus
mycelium [15, 16], so collected adults of M.
halterata (hundred pairs; 100Ƃ:100ƃ) were
introduced over the spawn-runned compost bags for
oviposition. For building-up populations of these
mushroom flies, all growing practices were as those
used in commercial mushroom-growing cellars in
the Antalya-Korkuteli district and they were
maintained throughout the study. In each growing
period, traps were hung 10 days after casing when
adult emergence of new generations of introduced
mushroom flies was started. A total of 24 sticky traps
(8 traps per colour) were used per sampling date
during a sampling period of 15 weeks. Traps were
hung about 25-30 cm above the compost bags, at
least 40 cm apart from one another. For each shelf
containing 6 compost bags, one trap of each colour
was hung, and the traps were replaced with fresh
ones at weekly intervals. On each sampling date, the
collected material was analysed at the laboratory and
the species composition as well as the number of
each species caught were determined using a stereomicroscope.

Abundance of Megaselia haterata on
coloured traps. In the first growing period of 2014,
yellow sticky traps caught more individuals of M.
halterata at 9 sampling dates of a 15-week sampling
period than other coloured sticky traps (Fig. 1). Blue
coloured traps were strongly attractive for adult M.
halterata and caught more individuals than the
others at the 5 sampling dates. White coloured traps
were the least attractive for adult M. halterata and
captured fewer individuals of M. haletrata than other
coloured traps in all sampling dates. Unlike the first
growing period, adult M. haletrata were most
captured by blue coloured traps at the 9 sampling
dates in the second growing period. Yellow coloured
traps captured more individuals than other coloured
traps only at the 3 sampling dates. As in the first
growing period, white coloured traps were the least
attractive and caught fewer individuals of M.
haletrata than the other two coloured traps
throughout the second growing period.
Abundance of Lycoriella ingenua on
coloured traps. In capturing adult L. ingenua,
yellow coloured traps were the most effective and
caught more individuals of L. ingenua than the other
two coloured sticky traps at all sampling dates in
both growing periods (Fig. 1). Blue coloured traps
were the second attractive ones and captured more
individuals than white traps at all sampling dates in
both periods. White coloured traps were the least
attractive for adult L. ingenua and weekly mean

Data analysis. Data obtained from the weekly
samplings were analysed by ANOVA (SAS V8
software package) and converted to periodic mean
number of adults of each species caught per trap for
each colour [17]. Means were separated by Duncans
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colours against various mushroom fly species
[22]. So, we could not compare our results with those
of previous studies. Although the results of Górskadrabik et al. [23] are not directly comparable with
those from this study because their assays used
different sciarid fly species [Ctenosciara hyalipennis
(Meigen) versus L. ingenua] and different study area
(greenhouse versus mushroom growing cellar), their
results are in agreement with those of present study
in terms of yellow sticky traps being more effective
than blue ones.
In conclusion, the results showed that yellow
and blue colours were the most effective in trapping
M. halterata and Scatopse spp. but only yellow
colour was the most effective in capturing adult L.
ingenua. Although it has been known for many years
that specific colours are attractive for specific pests,
such as blue for thrips, yellow for whiteflies, white
for mushroom flies [24], in the present study white
colour was found to be less attractive for all
mushroom fly species studied here than yellow and
blue colours. These findings will be great help to
mushroom growers in choosing right trap colour for
any mushroom fly species.

numbers trapped on white coloured traps were
geneally less than twenty.
Abundance of Scatopse spp. on coloured
traps. As to the catches of Scatopse spp., blue and
yellow coloured traps caught more individuals than
white coloured traps at all sampling dates in both
growing periods (Fig. 1). When blue and yellow
traps were compared each other, blue ones were
generally more attractive and captured more
individuals than yellow ones during early weeks of
the sampling in both growing periods (especially in
the second period).
Table 1 shows periodic mean numbers of each
mushroom fly species caught by yellow, blue and
white coloured traps. In both growing periods,
yellow and blue coloured sticky traps did not differ
significantly from each other in terms of adult
catches of M. halterata and Scatopse spp. (P<0.05).
In contrast, there were significant differences
between these two coloured traps in capturing adult
L. ingenua in both growing periods (P<0.05). When
compared on the basis of periodic mean numbers
over two different growing periods, white coloured
traps were significantly less effective than yellow
and blue coloured traps in capturing all of the fly
groups involved in the study (P<0.05).
Another important finding was that during both
growing periods the most trapped fly pest by all
colour traps was L. ingenua, followed by Scatopse
spp. M. halterata was trapped in lower densities
during the both growing periods when compared to
other fly groups.
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IMPACT OF LIMING MANAGEMENT ON N2O EMISSIONS
FROM ARABLE SOILS IN THREE LONG-TERM
FERTILIZATION EXPERIMENTS IN CENTRAL POLAND
Tomasz Sosulski*, Ewa Szara, Wojciech Stepien, Magdalena Szymanska
Warsaw University of Life Sciences-SGGW, Faculty of Agriculture and Biology, Department of Soil Environment Science, Warsaw, Poland

loam with a similar organic carbon content amended
with different organic materials were obtained at soil
pH 6.3 than pH 5.8 [10]. $FFRUGLQJ WR âLPHN and
Cooper [11], denitrification rates are lower in acid
than in neutral or alkaline soils, but this is rather an
indirect effect of lower inorganic nitrogen and
available organic carbon contents than a direct
influence of soil acidification. This view is
confirmed by Amha and Bohne [12]. Van Den
Heuvel et al. [13] reported that NO3- reduction rates
increased with soil pH, but the net N2O production
rate was highest at pH 5. This means that, under
favorable conditions, denitrification rates in acid and
limed soils can be similar. Allen et al. [14] reported
large N2O emissions from loam soils with a pH of
4.5±6.5 in similar treatment conditions, and zero
emissions from a peat soil with pH 3.8. Also Parkin
et al. [15] demonstrated that on the same soils
modified to different pH there were no measurable
differences in N2O emissions. Kesik et al. [16]
observed the highest N2O production at a pH of 7.0.
However, N2O production increased significantly at
pH  4.0, partly because of chemo-denitrification.
Yamulki et al. [17], investigating the reduction in
N2O fluxes with an increase in soil pH from pH 3.9
to 6.5 concluded that the microbial community of the
soil had adjusted to the low pH and was responsible
for the entire production of N2O. Comparing four
experimental sites: fertilized and unfertilized
meadows and arable land, Flessa et al. [18] obtained
the largest N2O emissions from the unfertilized field
with a low soil pH (4.0). Meanwhile, Mogge et al.
[19] obtained a negative correlation between N2O
emissions from nitrogen-fertilized soil and soil pH.
Martikainen and de Boer [20] observed 4±8 times
higher N2O production at pH 4 than at pH 6 in the Flayer of Douglas fir stand soil slurries in aerobic
conditions. Also Amha and Bohne [12] obtained a
high increase in the basal and potential
denitrification rates after a rise in pH from 4.3-4.8 to
pH 5.9-6.5. Dobbie and Smith [21] found variation
in the influence of soil pH on N2O emissions from
arable soils with different levels of organic carbon,
soil texture and nitrogen fertilization rates. However,
the N2O fluxes and emission factors (EFs) were
higher on the soils with a lower soil pH (5.7) than on
those with a higher soil pH (7.7).

ABSTRACT
The research aimed at the assessment of N2ON emissions from agricultural soils subjected to
different soil pH conditions. It was conducted on the
basis of three long-term field experiments in
Skierniewice in Central Poland, maintained with no
alterations since 1923. The investigation was carried
out on limed (CaNPK) and acid (NPK) treatments.
Measurements were conducted during the growing
periods of 2012 and 2013. N2O-N emissions from
the soil were measured in situ by means of infrared
spectroscopy, using a portable FTIR spectrometer
(Alpha, Bruker). Regardless of crop rotation, the
N2O-N emissions from similarly treated,
permanently (since 1923) acid and limed soils were
similar. In the climate, soil and agricultural
conditions of Central Poland, two optimum soil pH
ranges with the highest N2O-N emissions are
predicted (pH 4.3-4.4 and pH > 6.6). Liming of longterm limed treatments (CaNPK) does not increase
soil N2O-N emissions. The relationship between soil
pH and N2O-N fluxes is relatively well described by
a linear regression equation only for limed soils, but
not for acid soils.

KEYWORDS:
N2O emissions;
experiments

soil

pH;

long-term

fertilization

INTRODUCTION
Soil moisture, temperature, the levels of both
NO3--N and organic carbon, and fertilization are
described as the most important factors determining
N2O fluxes from the soil [1-3]. Soil pH should also
be considered an important factor influencing N 2O
emissions from the soil [4-6]. The impact of soil pH
on N2O soil emissions is complicated because N2O
fluxes are a result of two soil biological processes:
denitrification and nitrification [7, 8]. âLPHN HW DO
[9] reported that the denitrification potential is
significantly correlated with soil pH, and
denitrification rates increase with increasing soil pH
[2]. Therefore, higher N2O emissions from sandy
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2. Experiment E ± 5-field crop rotation:
potatoes (30 t manure/ha), spring barley, yellow
lupine, winter wheat, rye,
3. Experiment D ± rye monoculture.
The plant species cultivated in both years of the
investigation in all the experiments are presented in
Table 1. The experiments were conducted in 3 (A) or
5 (E and D) replications with an experimental plot
area of 36 m2. Limed (CaNPK) and acid (NPK) soils
were studied in all the experiments. On both
treatments, mineral fertilizers were applied at the
following rates: 90 kg N (ammonium nitrate), 26 kg
P (triple superphosphate) and 91 kg K/ha (potassium
chloride 50%), in all the studied experiments. Only
in 2013, in the experiment with five-crop rotation
(E), lupine plants were fertilized without a nitrogen
fertilizer. Liming at 1.14 t Ca/ha was applied to the
limed treatments (CaNPK) in Experiments A and D
every fourth year (2012), and at 1.43 t Ca/ha in
Experiment E every fifth year (2011).

Bateman and Baggs [7] provided evidence that
nitrification is the main process producing N2O at
35-60% WFPS. Kyveryga et al. [22] reported that
89% and 39% of applied anhydrous ammonia-N was
nitrified in soils at pH > 7.5 and pH 6.0, respectively.
Persson and Wirén [23] concluded that nitrate is
formed in the humus layer even at a soil pH of 4.04.5, but not at pH < 4.0. The production of N 2O for
nitrification in soils with a pH above 5 is low and
two orders of magnitude lower than in soils with pH
4.1 and 4.2 [24]. Also Clough et al. [25], while
studying soils with a pH in the range 4.7-7.2,
obtained the lowest cumulative N2O fluxes at soil pH
> 5.9. Vermoesen et al. [26] reported that
nitrification is the main microbial source of N2O in
limed soils with pH 7.0-8.1. About 80% of N2O in
acid soils (pH 4.5) is the product of denitrification.
However, short-term acidification to pH 5.6 or 4.3
decreases N2O emissions, but liming a soil with pH
4.5 resulted in N2O emissions over four times greater
than from a soil maintained over the long term at pH
7.0 [27]. Brierley and Wood [28] proved that
heterotrophic bacteria and fungi adapted to
generating heterotrophic nitrification promote
nitrification in acid soils. In contrast, De Boer and
Kowalchuk [29] propose that autotrophs are the
main nitrifying agents in most acid soils. Due to the
widespread N2O emissions from soils, nitrifying and
denitrifying bacteria are evidently characterized by
adaptability to different soil pH. According to Parkin
et al. [15], in acid and natural agricultural soils, there
are two different denitrification pH optima (pH 3.9
and 6.3). Van Den Heuvel [13] reported that soil pH
could be used as a predictive tool for average N 2O
emissions in the studied ecosystem because low pH
spots may explain the occurrence of N2O emission
hotspots.
According to the data of the National
Agrochemical Station, 44% of arable soils in Poland
are characterized by very acid and acid reactions
(pH<5.5), 32% by a slightly acid reaction (pH 5.66.5), and 24% by neutral and alkaline reactions (pH
>6.6) [30]. The appreciable share of acid soils is the
reason why this study quantifies soil N2O emissions
from three long-term fertilization experiments (since
1923) and analyzes the relationship between N2O
emission and soil pH.

TABLE 1
Plant cultivated in three long-term fertilization
experiments in Skierniewice in 2012 and 2013.
Experiment
A (arbitrary rotation)
E (five-crop rotation)
D (rye-monoculture)

2013
Winter triticale
Yellow lupine
Rye

The soil is loamy sand of the Luvisol type
(FAO 2006) with the following fractions in the 0-25
cm layer: sand (> 0.05 mm) ± 87%, silt (0.002±0.05
mm) ± 5%, clay (< 0.02 mm) ± 7%. The average
annual temperature and precipitation are 8oC and
520 mm, respectively.
The N2O emission from the soil was measured
in situ by infrared spectroscopy applying a modified
method by Burczyk [31] and using the portable FTIR
spectrometer model Alpha (Bruker, Germany). The
N2O flux from the soil was calculated as the increase
in N2O concentration in the chamber (ø=29.5 cm,
h=20 cm) after a 10-minute exposure to the soil
surface. The results were extrapolated to 24 hours
and 1 ha. The measurements were conducted in 2012
(30 measurements, 22-MAR to 22-OCT) and in 2013
(27 measurements in Experiments A and E, and 28
measurements in Experiment D, 19-APR to 23OCT) in all the replications. N2O emission was
expressed in mg N/ha/day.
The total organic carbon (TOC) content in the
soil was measured using a TOC-500 analyzer
(Shimadzu, Japan).
Statistical analyses were performed with the
SPSS software 21.0 (IBM, USA). The U MannWhitney test and Bonferroni correction for multiple
comparisons were used (at p<0.05).

MATERIALS AND METHODS
The research was carried out in 2012 and 2013
on the basis of three long-term field experiments in
Skierniewice (Central Poland - 51o96'60'' N, 20o16'63'' E), belonging to the Warsaw University of
Life Sciences ± SGGW, maintained with no
alterations since 1923. Plants were cultivated in 3
different crop rotations:
1. Experiment A ± arbitrary rotation without
manure and without legumes,



2012
White mustard
Spring barley
Rye
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than in either Experiment A or Experiment E
(Table 2).
N2O fluxes over the measurement periods in
Experiment A showed high variability, with a range
of 0.00-10.33 g N2O-N/ha/day (median 2.94, mean
3.16) from the limed soil (CaNPK), and 0.00-9.32 g
N2O-N/ha/day (median 2.53, mean 2.93) from the
acid soil. By comparison, N2O fluxes from the acid
soils in Experiments D (median 2.86, mean 3.12,
with a range of 0.13-9.78 g N2O-N/ha/day) and E
(median 3.01, mean 4.17, with a range of 0.06-24.85
g N2O-N/ha/day) were higher than on the analogous
treatment in Experiment A. However, the differences
in distribution of N2O-N emissions from the limed
and acid soils in all the studied experiments were of
no statistical significance (Tab. 2), and [32. 33]. Also
the CaNPK liming treatments in 2012 did not
significantly increase soil N2O-N emissions in 2013.
Daily N2O-N emissions from the two soils in
Experiment A are depicted in Fig. 1. The dynamics
of N2O-N fluxes on the limed and acid soils were
similar in both years of the investigation. In 2012,
the soil N2O-N emissions from both soils gradually
increased to the end of May and then decreased to
the end of June. Subsequently, the N2O-N emissions
increased again until the beginning of August, and
then decreased (with fluctuations) to the end of the
growing period. In 2013, the amplitude of N2O-N
emissions was higher than in 2012. After low
emissions in the spring, maximum soil N2O-N
emissions were found at the beginning of third
decade of May. Regardless of the large amplitude of
the fluctuation, the N2O-N emissions decreased from
mid-September to the end of the growing period.

RESULTS
Soil properties: total organic carbon content,
pH of the limed (CaNPK) and acid (NPK) soils in
Experiment A (with arbitrary rotation), Experiments
D (rye monoculture) and E (with five-crop rotation)
are presented in Table 2. Soil properties on the limed
treatments (CaNPK) in Experiments D and E were
presented in previous publications [32 and 33
respectively]. Regardless of the state of soil
acidification, the highest organic carbon content was
found in the soil under five-crop rotation in
Experiment E, followed by the soil under ryemonoculture in Experiment D (and under arbitrary
rotation in Experiment A (Tab. 2). The organic
carbon content in the limed and acid soils in
Experiment A was similar (4.38 ±0.12 SD and 4.35
g C/kg ±0.09 SD, respectively) over the
measurement period. The average organic carbon
content in the limed soils in Experiments D and E
(5.69±0.19SD and 7.35 g C/kg ±0.15SD,
respectively) was higher than in the acid soils
(5.26±0.15SD and 6.87 g C/kg ±0.24, respectively).
As expected, soil pH (in 1 mol/L KCl) of the
limed soils in the studied experiments was higher
than of the acid soils (Tab. 2). Soil pH for the limed
treatment in Experiment E was higher (pH 6.4 and
pH 6.9 in 2012 and 2013, respectively) than for the
corresponding treatments of Experiments A (pH 5.8
and pH 6.2 in 2012 and 2013, respectively) and D
(pH 5.9 and pH 6.4 in 2012 and 2013, respectively).
Soil pH of the acid soil in Experiment D was lower

TABLE 2
Total organic carbon (TOC) soil content, soil pH in 1M KCl, and soil N2O emissions from in three longterm fertilization experiments in Skierniewice.
Experiment

A
arbitrary rotation

D
rye-monoculture

E
five-crop rotation

Fertilization
CaNPK
(n=171)
NPK
(n=171)
CaNPK*
(n=285)
NPK*
(n=285)
CaNPK**
(n=290)
NPK**
(n=290)

Parameters
Mean
Median
Min-Max
Mean
Median
Min-Max
Mean
Median
Min-Max
Mean
Median
Min-Max
Mean
Median
Min-Max
Mean
Median
Min-Max

TOC
(g C/kg)
4.38
4.40
4.18-4.38
4.35
4.40
4.35-4.59
5.69
5.68
5.45-5.97
5.26
5.22
4.99-5.48
7.35
7.36
7.13-7.60
6.87
6.82
6.59-7.30

pHKCl
6.0
5.7-6.3
4.2
4.1-4.3
6.1
5.7-6.5
4.5
4.3-4.7
6.6
6.3-7.0
4.4
4.2-4.6

N2O-N
(g N/ha/day)
2.94
2.52
0.00-10.33
2.93
2.53
0.00-9.32
3.15
2.87
0.13-11,20
3.12
2.86
0.13-9.78
4.37
3.23
0.09-23.04
4.17
3.01
0.06-24.85

* data on the CaNPK treatment in the Experiment D with rye-monoculture were presented in: Sosulski et al [2014]
** data on the CaNPK treatment in the Experiment E with five-crop rotation were presented in: Sosulski et al.
[2015]
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FIGURE 1
N2O-N emissions from limed (CaNPK) and non-limed (NPK) soils in experiment
A with arbitrary rotation in 2012 (a) and 2013 (b).

from the acid soil in Experiment D were markedly
higher than from the limed soil (Fig. 3). Similar
relations were observed in Experiment E at the
beginning and at the end of the growing period, and
in early August. On the remaining days of
measurements, the N2O-N fluxes from the acid soils
were similar or lower than on the limed treatments
of the studied experiments. On many days of
measurements in 2013 (from the middle to the end
of May, at the beginning and towards the end of July,
in the last ten days of August, and in mid-September
and October), the soil N2O-N emissions from the
acid soil in Experiment D was higher than from the
limed soil. By comparison, in Experiment E a similar
phenomenon occurred at the beginning of July, in
mid-August and between and in September. At other
times of the growing period, the N2O-N emissions
from the acid soils were similar to or lower than
those from the limed soils.

The N2O emissions from the acid soils in
Experiments D and E are depicted in Fig. 2. Spring
application of ammonia nitrate in 2012 resulted in
high N2O emissions from these soils. From early
May to the beginning of July 2012, the emission of
N2O from the soil under five-crop rotation (E)
exceeded that from the soil under rye-monoculture
(D). In the spring of 2013, N2O-N emission from the
soil under rye-monoculture (D) exceeded that from
the soil under five-crop rotation (E). This was
probably caused by the omission of N-fertilization in
lupine cultivation in Experiment E. The N2O-N
fluxes recorded from early June to the beginning of
August in Experiment E were higher than in
Experiment D. From the beginning of August 2012,
or mid-August 2013, the level and fluctuation of
N2O-N emissions from both soils were similar. In
early spring, between mid-July and mid-August, and
at the beginning of August, the N2O-N emissions
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FIGURE 3
N2O-N emissions from non-limed soils (NPK) in relation to CaNPK treatments
(100%) in experiments D and E in 2012 (a) and 2013 (b).

23/Oct

16/Oct

9/Oct

2/Oct

24/Sep

19/Apr

22/Apr

29/Apr

6/May

13/May

20/May

27/May

3/Jun

10/Jun

17/Jun

1/Jul

6/Jul

11/Jul

18/Jul

24/Jul

31/Jul

7/Aug

14/Aug

21/Aug

28/Aug

3/Sep

17/sep

26/Sep

120

10/Sep

140

18/Sep

(a)

11/Sep

E NPK
CaNPK
D NPK

19/Jul
12/Jul
5/Jul
28/Jun
21/Jun
14/Jun
7/Jun
31/May
25/May
17/May
10/May
26/Apr
19/Apr
12/Apr

40

29/Mar

23/Oct
23/Oct
16/Oct
16/Oct
9/Oct
9/Oct
2/Oct
2/Oct
24/Sep
24/Sep
17/sep
17/sep
10/Sep
10/Sep
3/Sep
3/Sep
28/Aug
28/Aug
21/Aug
21/Aug
14/Aug
14/Aug
7/Aug
7/Aug
31/Jul
31/Jul
24/Jul
24/Jul
18/Jul
18/Jul
11/Jul
11/Jul
6/Jul
6/Jul
1/Jul
1/Jul
17/Jun
17/Jun
10/Jun
10/Jun
3/Jun
3/Jun
27/May
27/May
20/May
20/May
13/May
13/May
6/May
6/May
29/Apr
29/Apr
22/Apr
22/Apr
19/Apr
19/Apr

350
300
250
% 200
150
100
50

6115



100

%

22/Mar

0

15

10

g N2O-N/ha/day

Fresenius Environmental Bulletin
Volume 25 ± No. 12a/2016, pages 6111-6119
© by PSP




25

20

5

(a)

(b)
FIGURE 2
N2O-N emissions from non-limed soil (NPK) under rye-monoculture (experiment
D) and five-crop rotation (experiment E) in 2012 (a) and 2013 (b).
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soil pH ranges for better prediction of the
impact of soil pH on the largest soil N2O-N
emissions. The data depicted in Figure 5 shows that
high N2O-N fluxes occurred within the soil pH range
of 4.3-4.5. A decrease in soil pH below pH 4.3 and
an increase up to pH 5.8 led to a decrease in N 2O-N
fluxes. A further increase in soil pH above pH 5.9
resulted in a gradual increase in N2O-N, and at a soil
pH > 6.6 the soil N2O-N emissions were the highest.

The relationship depicted in Figure 4 does not
allow a clear assessment of the impact of soil pH on
N2O-N fluxes mainly due to the similarity of the
N2O-N fluxes from soils with significantly different
soil pH. This relationship is relatively well described
by a linear regression equation in relation to N2O-N
emissions from the limed soils, as the degree of
equation adaptation with respect to the data collected
from the acid soils is low. Therefore, (on the basis of
literature data) all the results were placed in seven
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FIGURE 4
Relationship between the soil pH and N2O-N emissions from limed (a) and non-limed
soils (b) on three long-term fertilization experiments in Skierniewice
(data from 2012 and 2013).
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Influence of soil pH on the N2O-N emissions from limed and non-limed soils of
three long-term fertilization experiments in Skierniewice
(medians from 2012-2013).
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emissions increasing with an increase in soil
pH, as confirmed earlier by Van Den Heuvel et al.
[13] and Baggs et al. [27]. The obtained results
allowed us to nominate the optimum soil pH for
N2O-N production in agricultural soils under the
climate, soil and fertilization conditions of Central
Poland. Unlike several studies that have nominated
a single optimum value of soil pH (pH 4.0-4.2 [24,
20], pH 5 [13], soil pH 5.7 [21], pH of 7.0 [16], in
our study we found two independent soil pH ranges
optimal for the highest N2O-N soil emission: pH 4.34.4 and pH > 6.6. Similar results with two optimal
values for soil N2O production (pH 3.9 and pH 6.3)
had been obtained by Parkin et al. [15].

DISCUSSION
The obtained data showed no statistically
significant between distribution of N2O-N emissions
from the acid and limed soils in all studied
experiments (Tab. 2). The occurrence of similar
N2O-N emissions from the permanently acid and
limed soils was inconsistent with earlier results of
Hofstra and Bouwman [2], Simek et al. [9], and
Yamulki et al. [17], who found higher denitrification
rates and N2O-N emissions from soils with a higher
pH. According to Ruíz-Valdiviezo et al. [10], at a
similar soil carbon content higher N2O-N emissions
were observed from the soil at pH 6.3 than pH 5.8.
Meanwhile, Kesik et al. [16] established the
optimum for N2O production at soil pH 7.0. On the
other hand, Parkin et al. [15] proposed a hypothesis,
corresponding with our results, that N2O emissions
from the same soils modified to markedly different
pH values (3.9 and 6.3) gave no measurable
differences. For this reason, under similar treatment
conditions Allen et al. [14] obtained large N2O
emissions from soils at soil pH 4.5-pH 6.5. The
possibility of a high N2O-N flux in the soil pH range
of 4.0-4.5 demonstrated in our study confirmed the
findings of Flessa et al. [18] and Martikainen and de
Boer [20], who observed N2O production even 4±8
times higher at pH 4 than at pH 6. Also liming of the
permanently limed treatments (CaNPK) did not
increase N2O-N emissions from the soil. According
to Baggs et al. [27], liming should result in greater
N2O emissions only from a strongly acid soil, but not
from a soil with a pH regulated over the long term.
According to Vermoesen et al. [26] and Baggs et al.
[27], nitrification is the main reason of soil N2O-N
production in limed soils with pH 7.0-8.1%. In acid
soils, as much as 80% of the N2O-N flux is a result
of denitrification. However, with the exception of
the beginning of June 2013, unfavorable conditions
for denitrification prevailed over the entire
measurement period (2012-2013), with soil moisture
below 50% WFPS (Fig. 1). Studies by Bateman and
Baggs [7], and Skiba et al. [8] had confirmed that in
dry soils N2O was produced predominantly by
nitrification, whereas Mogge et al. [19] reported that
denitrification occurred sporadically in soils with a
texture that provided very good drainage conditions.
Assuming, as Persson and Wirén [23] did, that
nitrification in acid soils is also promoted by
heterotrophic bacteria [28] and autotrophs [29], it
will be appreciated that the bacteria responsible for
N2O-N production are characterized by high
adaptability to different soil pH values [15].
The relationships between N2O-N soil
emissions and soil pH values seem to be very
interesting. Linear regression described relatively
well the relationship between N2O-N soil emissions
and soil pH, but only for the limed soils. However,
in the case of two soils with completely different soil
pH values there was a noticeable trend of N2O-N



CONCLUSIONS
Regardless of crop rotation, N2O-N emissions
from similarly treated, permanently (since 1923)
acid and limed soils are similar (2.53-3.01 g N2ON/ha/day and 2.52-3.23 g N2O-N/ha/day,
respectively). In the climate, soil and agricultural
conditions of Central Poland, two optimum soil pH
ranges with the highest N2O-N emissions are
predicted: pH 4.3-4.4 and pH > 6.6. Liming of longterm limed treatments (CaNPK) does not increase
N2O-N emissions from the soil. The relationship
between soil pH and N2O-N fluxes is relatively well
described by a linear regression equation only for
limed soils, but not for acid soils.
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diallel analysis method is commonly employed to
examine qualitative traits of homozygous lines. The
diallel cross analysis relies on the estimation of
general combining ability (GCA), and specific
combining ability (SCA) which are important
components of total genetic variation and utilized to
select appropriate parents and F1 combinations [1].
The determination of additive genetic effects and of
deviation from additivity (i.e., non-additive effects)
through GCA and SCA respectively indicates
potential values of specific traits of genotypes under
the consideration [2]. The objectives of this research
were to estimate the GCA and SCA effects for yield
and fiber quality properties for seven different cotton
genotypes and to determine the most suitable parents
and crosses to produce high yielding and quality
cotton varieties.

ABSTRACT
The diallel analysis method is commonly
employed to examine qualitative traits of
homozygous lines. The diallel cross analysis relies
on the estimation of general combining ability
(GCA) and specific combining ability (SCA), which
are important components of total genetic variation
and are utilized to select appropriate parents and F 1
combinations. The objectives of this research were
to estimate the GCA and SCA effects for yield and
fiber quality properties for seven different cotton
genotypes and to determine the most suitable parents
and crosses to produce high yielding and quality
cotton varieties. According to the results, all
investigated characters had had additive gene effects
and the GCA effects of Gossypium hirsutum L
parents had higher effects than those of Gossypium
barbadense L. with respect to seed cotton yield and
ginning percentage. On the other hand, the lint
technological characters of Gossypium barbadense
L. were higher than those of Gossypium hirsutum L
parents. With regard to the characters of the cross
breedsLWZDVFRQFOXGHGWKDWµ$VKJDEDW[*:
7HNV¶IRUVHHGFRWWRQ\LHOGµ6WRQHYLOOH['HOWD
2SDO¶IRUJLQQLQJSHUFHQWDJHµ%DKDU82 x Stoneville
¶ IRU ILEHU OHQJWK ILEHU ILQHQHVV DQG ILEHU
XQLIRUPLW\ µ$VKJDEDW  [ *: 7HNV¶ IRU ILEHU
VWUHQJWK µ*L]D  [ $VKJDEDW ¶ IRU ILEHU
elongation hybrid combinations were the most
suitable crosses to obtain more desirable cotton
genotypes with the highest specific combining
ability.

MATERIALS AND METHODS
Four Gossypium barbadense L. cotton varieties
(Giza 75, Giza 45, Bahar 82 and Ashgabat 100) and
three most widely cultivated Gossypium hirsutum L.
cotton varieties (GW Teks, Stoneville 453 and Delta
Opal), together with their twenty-one hybrids of
these parents, were used as genetic materials in the
research. The selected seven parents were crossed in
half diallel mating design in 2013. Together with
seven parents and their twenty-one F1 hybrids, the
experiment was set up in a randomized block design
with three replicates at the experimental farm (lat
37°53'26.6"N, long 40°16'28.6"E, and altitude of
about 660 m) of the Faculty of Agriculture, Dicle
University, Diyarbakir in 2014. Each plot consisted
of one row 12 m in length at planting and 10 m in
length at harvest, with 0.70 m row and 0.20 m plant
spacing. Fiber samples were ginned using a
laboratory type roller-gin and fiber quality properties
were determined by a High Volume Instrument
(HVI). The TarPopGen software was used in
analysis of the obtained data [3] and differences in
which 3   were determined as significant by
LSD test. Method-II model I was used for
computation of general and combining abilities as
described in Griffing [4].

KEYWORDS:
Cotton; half diallel analysis; general combining ability;
specific combining ability

INTRODUCTION
Breeding a new cotton variety with desirable
yield and fiber quality properties is a common goal
of numerous cotton breeders. There are different
mating designs and arrangements used in plant
breeding to reach desirable goals. Of these, the
6120



© by PSP

Volume 25 ± No. 12a/2016, pages 6120-6123

Fresenius Environmental Bulletin


contributed by additive gene effects. On the
other hand, fiber strength and uniformity ratio were
affected by non-additive gene action. Lukonge et al.
[10] and Bolek et al. [11] concluded that additive
genes affected components and fiber quality traits.
The differences of the results may be explained by
genetic makeup of cultivated varieties and
environmental effects to which cultivars were
exposed.
The parents with high GCA for cotton yield and
its components can be utilized through early
generation selection because GCA is influenced by
additive gene action and is fixable. GCA effects for
genotypes under consideration were presented in
Table 2. It was established that Delta Opal was the
best cotton cultivar for seed cotton yield with regard
to GCA. GW Teks was determined as the best parent
for ginning percentage. GCA effects of Giza 75 was
found significant regarding fiber length, fiber
fineness and fiber strength. As for Giza 45, it
differed significantly for the characters of fiber
elongation and fiber uniformity ratio.

RESULTS AND DISCUSSION
The results of variance analysis were presented
in Table 1. A significant relationship was found
among characters at 0.05 levels. Similarly, GCA was
significant for all investigated traits at 0.01 level. As
for SCA, it differed significantly regarding
characters at 0.05; however, elongation was found
insignificant. TKH UDWLR RI ı*&$ı6&$ ZDV
higher than ±1 for all the characters, indicating
additive gene effects in the inheritance of
investigated traits.
Several studies were conducted to determine
the effect of gene action for cotton yield and its
components. However, inconsistent results were
reported regarding gene action for yield and yield
quality parameters [5-7]. Karademir and Gencer [8]
stated that additive gene action was present for
ginning percentage, fiber length, fiber fineness and
fiber elongation, while traits such as seed cotton
yield, fiber strength, and uniformity ratio were
affected by non-additive gene effect.
Srinivas et al. [9] stated that ginning
percentage, fiber length and fiber fineness were

TABLE 1
The result of ANOVA for genotypes, GCA and SCA for yield and investigated traits of cotton in half
diallel cross
Source of
Variation
Replication
Genotypes
GCA
SCA
Error
ı2*&$ı2SCA
CV (%)

DF

SCY

GP

FL

FF

FS

ELG

UNF

2
27
6
21
54

32516.99**
23769.99**
79608.74**
7816.06*
3604.85
10.19
18.18

3.50**
37.99**
119.75**
14.64**
0.51
8.18
1.97

0.12
33.51**
75.23**
21.59**
0.80
3.48
2.48

3.50*
37.99**
119.75**
14.64**
0.51
8.18
1.97

14.16
45.26**
98.54**
30.04**
6.92
3.28
7.40

1.79
1.23*
3.01**
0.72
0.66
4.18
13.31

3.45
11.02**
22.23**
7.81**
1.52
2.84
1.44

ı2*&$YDULDQFHRIJHQHUDOFRPELQLQJDELOLW\ı2SCA: variance of specific combining ability.
The values with * and ** are significant at P < 0.05 and P < 0.01 respectively.
DF: Degrees of freedom, SCY: Seed cotton yield (g plant), GP: Ginning percentage (%), FL: Fiber length (mm),
FF: Fiber fineness (micronaire), FS: Fiber strength (g/tex), ELG: Elongation (%), UNF: Uniformity (%)

TABLE 2
Estimated general combining ability effects (GCA) for yield and investigated traits of seven parents
Parents
Giza 75
Giza 45
Bahar 82
Ashgabat 100
GW Teks
Stoneville 453
Delta Opal
SE

SCY
-61.11**
-47.95**
-26.54*
-32.24**
39.88**
55.70**
72.25**
10.70

GP
-2.60**
-2.73**
-0.46**
0.03
2.66**
1.17**
1.94**
0.13

FL
1.63**
1.59**
0.97**
1.09**
-1.84**
-1.93**
-1.51**
0.16

FF
-2.60**
-2.73**
-0.46**
0.03
2.66**
1.67**
1.94**
0.13

FS
2.79**
2.09**
0.51
-0.53
-0.82
-2.43**
-1.61**
0.47

ELG
0.38*
0.48**
-0.21
-0.26
0.15
-0.36*
-0.19
0.14

UNF
0.90**
1.25**
0.17
0.19
-0.34
-1.22**
-0.95**
0.22

The values with * and ** are significant at P < 0.05 and P < 0.01 respectively.
SE: Standard error, SCY: Seed cotton yield (g plant), GP: Ginning percentage (%), FL: Fiber length (mm), FF:
Fiber fineness (micronaire), FS: Fiber strength (g/tex), ELG: Elongation (%); UNF: Uniformity (%)
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TABLE 3
Estimated specific combining ability effects (SCA) for yield and investigated traits of hybrids
Hybrid Combinations
Giza 75 x Giza 45
Giza 75 x Bahar 82
Giza 75 x ASGT 100
Giza 75 x GW Teks
Giza 75 x Stoneville 453
Giza 75 x Delta Opal
Giza 45 x Bahar 82
Giza 45 x ASGT 100
Giza 45 x GW Teks
Giza 45 x Stoneville 453
Giza 45 x Delta Opal
Bahar 82 x ASGT 100
Bahar 82 x GW Teks
Bahar 82 x Stoneville 453
Bahar 82 x Delta Opal
ASGT100 x GW Teks
ASGT 100 x Stoneville 453
ASGT 100 x Delta Opal
GW Teks x Stoneville 453
GW Teks x Delta Opal
Stoneville 453 x Delta Opal
SE

SCY
-36.52
6.16
-29.49
40.14
23.99
25.79
7.45
58.54
22.93
55.59
-75.72*
-24.45
-14.90
94.82**
-10.84
97.78**
-37.42
-40.39
-18.10
-91.05*
-83.06*
31.11

GP
0.86*
2.19**
1.03**
-2.14**
-2.37**
-0.16
0,59
-0.30
0.80*
-1.57**
-0.96*
3.03**
-1.20**
-3.31**
-2.56**
-2.23**
-1.66**
-1.22**
1.57**
2.87**
4.56**
0.37

FL
-1.42**
-0.79
-0.11
2.28**
2.36**
0.02
-0.92
-1.36*
2.40**
1.95**
0.62
-2.02**
2.40**
3.62**
-0.20
2.59**
3.32**
0.28
-1.67**
-5.06**
-6.01**
0.46

FF
0.86*
2.19**
1.03**
-2.14**
-2.37**
-0.16
0.59
-0.30
0.80*
-1.57**
-0.96*
3.03**
-1.20**
-3.31**
-2.56**
-2.23**
-1.66**
-1.22**
1.57**
2.87**
4.55**
0.37

FS
-1.56
-0.26
0.18
1.36
3.44*
-0.47
-0.51
-1.60
-1.53
4.66**
1.83
-3.68**
2.86*
2.10
2.14
5.25**
1.74
-0.12
-1.77
-4.00*
-5.77
1.36

ELG
-0.37
0.33
1.01*
-0.11
0.35
-0.37
-0.01
0.12
0.33
-0.51
0.45
0.12
0.18
-0.05
-0.23
0.03
0.70
-1.45**
0.01
-0.14
-0.13
0.42

UNF
0.05
-0.09
1.02
0.13
0.64
-0.17
-0.22
-0.80
1.04
-0.08
0.72
-1.64*
0.95
2.74**
-0.54
1.57*
1.75**
0.28
-0.41
-1.40
-2.84**
0.64

The values with * and ** are significant at P < 0.05 and P < 0.01 respectively.
ASGT: Ashgabat SE: Standard error, SCY: Seed cotton yield (g plant), GP: Ginning percentage (%), FL: Fiber
length (mm), FF: Fiber fineness (micronaire), FS: Fiber strength (g/tex), ELG: Elongation (%); UNF: Uniformity
(%)


quality traits to improve, early generation selections
should be employed. From the standpoint of GCA
effects, Giza 75 and Giza 45 were found to be the
best parents for fiber quality properties. Moreover,
Delta Opal and GW Teks were the best parents for
seed cotton yield and for ginning percentage,
respectively.

SCA effects for hybrids were presented in
Table 3. With regard to seed cotton yield, significant
positive SCA were determined in following two
hybrids: Ashgabat 100 x GW Teks and Bahar 82 x
Stoneville 453. The effects of SCA for ginning
percentage and fiber length were found significantly
positive in eight cross combinations. Stoneville 453
x Delta Opal and Bahar 82 x Stoneville 453 crosses
were determined as the best specific combiners for
ginning percentage and fiber length. SCA effects for
fiber fineness were found significant in eighteen
cross combinations. Bahar 82 x Stoneville 453
combination was found as best combination for fiber
fineness, since it was significantly negative. SCA
values of Giza 75 x Stoneville 453, Giza 45 x
6WRQHYLOOH  DQG $VKJDEDW  [ *: 7HNV¶
combinations were found significantly positive for
fiber strength. Giza 75 x Ashgabat 100 was observed
as the best combination for fiber elongation as well,
since it had significantly positive SCA effects for the
same character. Regarding fiber uniformity, SCA
was significantly positive in three following crosses:
Bahar 82 x Stoneville 453, Ashgabat 100 x GW Teks
and Ashgabat 100 x Stoneville 453.
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BASIC TEXTILE DYE ADSORPTION FROM AQUEOUS
SOLUTION AND SYNTHETIC DYE BATH WASTEWATER
BY MODIFIED EUCALYPTUS BARKS
Behzat Balci*
Cukurova University Department of Environmental Engineering, 01136, Balcali/Saricam, Adana, Turkey

deteriorating the water quality [3, 4]. The methods
generally used for treating dye-containing
wastewaters are membrane filtration, coagulationflocculation [5], reverse osmosis [6] and adsorption
[7]. Adsorption is a widely-used and effective
method for the treatment of colored wastewater.
Adsorption systems have gained prominence as
treatment processes that ensure good quality
effluents that are low in concentrations of dissolved
organic compounds, such as dyes [8]. Activated
carbon is one of the most popular and widely-used
adsorbents. Activated carbon is used for the
treatment of water and wastewater [9]. However,
application of commercially activated carbons
remains limited due the high cost resulting from the
production of activated carbon from expensive
materials, such as coal [10]. In recent research,
adsorption studies have focused on low-cost
adsorbents for the removal of pollutants. Usually,
adsorption studies are performed with an aqueous
solution [11-16]. Undoubtedly, adsorption studies
performed with distilled water are important to
understand the specific sorption interactions
between adsorbent and dye molecules. However,
textile dye bath wastewater may contain more
impurities such as alkalinity, acidity, NH4-N, Clions, suspended solids, and oil-gres [17, 18].
Therefore, low dye removal efficiencies may occur
due to the competitive sorption between the dye
molecules and these impurities in the potential
application of low-cost adsorbents for the removal of
dyes from real textile wastewater.
The main objective of this study was to
investigate the use of acid modified Eucalyptus
camaldulensis bark (AMEB) as a low-cost adsorbent
for the removal of BB41 from aqueous solutions and
synthetic dye bath wastewater (SDBW). The
Eucalyptus camaldulensis barks were selected as a
low-cost adsorbent due to their renewable character,
wide availability and easy collection.

ABSTRACT
In the present study, acid modified Eucalyptus
camaldulensis bark (AMEB) was tested for potential
application as a low-cost adsorbent for the removal
of the textile dye Basic Blue 41 (BB41). Adsorption
experiments were performed with aqueous solution
(BB41+distilled water) and synthetic dye bath
wastewater (SDBW) to investigate the potential
application of AMEB in the textile industry. The
effects of various parameters, namely initial dye
concentration, temperature, pH and AMEB dosage
on adsorption were investigated. It was found that
the adsorption capacity of AMEB increases with
increasing BB41 concentration and temperature and
decreasing dosages of AMEB. 0.6 g AMEB was
found to be sufficient to remove 250 mg/L BB41
from 150 mL SDBW with ~85% removal efficiency.
Langmuir isotherm predicted 364.972 mg/g
maximum adsorption capacity with 0.990
correlation coefficient. The Freundlich isotherm
model described the adsorption process better
(R2=0.997) than the Langmuir and Tempkin
isotherm models. Freundlich constant µQ¶ DOVR
indicated that the adsorption is favorable. The
thermodynamic analysis showed that the adsorption
of BB41 onto AMEB was an endothermic process.
Statistical evaluations were performed using SPSS
Statistics 20.0 with a confidence interval of 95%
S 

KEYWORDS:
Eucalyptus camaldulensis, adsorption, Basic Blue 41

INTRODUCTION
Dyes usually have a synthetic origin and
complex aromatic structures. These synthetic dyes
are widely used in the textile, food, pharmaceutical,
tanning, cosmetics and electroplating industries [1].
These industrial processes can discharge
wastewaters containing dye into water systems [2].
The presence of dyes in water systems reduces light
penetration into deeper layers, lowering the gas
solubility, diminishing photosynthetic activity and

MATERIAL AND METHODS
Preparation of Adsorbent. The barks of E.
camaldulensis ZHUH FROOHFWHG IURP WKH %DOFDOÕ
campus of the University of Cukurova (Adana,
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Turkey). Upon collection, barks were crushed and
sieved to an average 0.125 mm particle size. Acidactivation of barks was performed with 4 mol/L HCl.
Pre-trials showed that 4 mol/L HCl is the optimum
concentration for activation of barks. 20.0 g sieved
barks were immersed in a 200 mL, 4 mol/L HCl
solution at 20 °C for 4 h under mechanical stirring
(400 rpm). After acid activation barks were washed
with distilled water for the removal of acid residuals
and dried at 60 °C.

RESULTS AND DISCUSSION
Effect of Contact Time on Adsorption. The
correct representation of the dynamic adsorptive
separation of BB41 from the aquatic phase onto
AMEB depends on an accurate understanding of the
equilibrium separation between the BB41 solution
and AMEB [19]. Equilibrium time gives the
optimum period for the removal of the BB41 from
aqueous solutions. Contact time experiments were
performed for AMEB for distilled water and SDBW.
In addition, adsorption capacities at different time
intervals for crude barks and AMEB were compared
for distilled water. The effect of contact time on the
adsorption capacity of AMEB (0.1 g) and crude
Eucalyptus bark (0.1 g) for 250 mg/L BB41 at 20° C
and pH=7 is shown in Fig 1. 50 minutes is necessary
to reach equilibrium for BB41 adsorption onto
AMEB and crude barks. The equilibrium time
adsorption capacities of AMEB and crude barks for
distilled water were calculated as 129.15 and 81.1
mg/g, respectively. There was a significant
difference in adsorption capacities between AMEB
and crude barks. The acidification process may
increase the active sites of barks. The equilibrium
time adsorption capacity of AMEB for SDBW was
found to be lower than the adsorption capacity of
AMEB for distilled water (103.65 mg/g). The results
showed that the impurities in SDBW occupied the
adsorption sites of AMEB. 50 minutes was used as
the equilibrium time for further experiments.
However, equilibrium time was controlled under
varying parameters such as pH, temperature, BB41
concentration and AMEB dosage.

Dye and Measurement. The azoic structure
dye BB41 was obtained from the local textile
industry in Turkey. BB41 concentration of
supernatant was estimated by measuring absorbance
at maximum wavelengths (609 nm) and computing
concentration from the calibration curve. The
calibration curve was prepared with a Perkin Elmer
Lambda 35 UV/VIS spectrophotometer. .
Statistical analysis. Statistical evaluations
were performed using SPSS Statistics 20.0 with a
FRQILGHQFH LQWHUYDO RI  S  7KH
experiments were repeated three times and the
average value was used for calculations.
Adsorption tests. Batch experiments were
performed for the adsorption of BB41 by AMEB.
500 mL Erlenmeyer flasks were used each
containing 150 mL BB41 solution at different
concentrations and with the desired weight of
AMEB. The flasks were stirred at 250 rpm in a
temperature±controlled orbital shaker. The effects of
initial dye concentration (75, 100, 150, 200 and 250
mg/L), AMEB dosage (0.1, 0.2, 0.4, 0.6 and 0.8 g),
temperature (15, 20, 25, 30, 35, 40, 45, 50 and 55°
C) and pH (1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11) on
adsorption were studied. Adsorption tests were
performed with distilled water and SDBW. The
composition of the SDBW without BB41 was
(mg/L); NH4-N 6, Oil-gres 160, and Chloride 18000
[17, 18]. Samples were withdrawn at certain time
intervals during the adsorption test, centrifuged for
five minutes at 4000 rpm and supernatant was used
to determine the residual dye concentration. Data
were used to calculate the adsorption capacity, q, of
AMEB.
The amount of BB41 adsorbed onto AMEB at
different times and dye removal efficiency was
calculated from Eq(1) and Eq(2), respectively;

q

(C 0  C e )V
W

Effect of pH. In this work, the effect of pH on
the adsorption of BB41 onto AMEB was performed
while the initial dye concentration, AMEB dosage
and temperature were fixed at 250 mg/L, 0.1 g and
20 °C, respectively. The pH value of the solution is
one of the most important parameters that can alter
the adsorption process. The pH value of the solution
could change the charge density of the adsorbent
surface and the concentration of dissolved ions in the
solution would affect the adsorption capacity of the
adsorbent [20]. The effect of pH on adsorption of
BB41 onto AMEB for distilled water and SDBW is
given in Figure 3. It was found that pH has an
important effect on adsorption of BB41 onto AMEB.
It was determined that 50 minutes is necessary to
reach the equilibrium time for all pH values. The
adsorption capacity of AMEB increased with
increasing pH. The adsorption capacities of AMEB
for distilled water and SDBW within 50 minutes for
pH 1 were found to be 55.8 and 24.45 mg/g,
respectively. It can be seen in Fig. 2 that the
adsorption capacity of AMEB significantly increases
above pH 7. The adsorption capacities of AMEB for
distilled water and SDBW within 50 minutes for pH
10 were found to be 187.15 and 141.1 mg/g,

(1)

and dye removal efficiency was calculated as;
Dye Removal Efficiency (%) = Ct  C 0 u 100

Fresenius Environmental Bulletin

(2)

C0

where C0 and Ce are the initial and equilibrium
concentrations of the BB41 in the aqueous phase
(mg/L), respectively. V is the volume of the aqueous
phase (L) and W is the amount of AMEB (g).
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important factor that indicates whether the
adsorption process is exothermic or endothermic
[22]. The adsorption capacity of AMEB significantly
increased with increasing temperature, which
indicates that the adsorption of BB41 onto AMEB
was an endothermic process. The adsorption
capacities of AMEB for distilled water and SDBW
within 50 minutes at 15° C were found to be 160.65
and 93.15 mg/g, respectively. The adsorption
capacities of AMEB for distilled water and SDBW
within 50 minutes at 55° C were found to be 297.15
and 222.30 mg/g, respectively. As can be seen from
Fig. 4, there was no significant difference between
adsorption capacities for 50 and 55 °C. Therefore 50
°C was selected as the optimum temperature for
adsorption of BB41 by AMEB and was used for
further experiments. Higher adsorption capacities at
higher temperatures may be due to the increasing
mobility of BB41 molecules. Also, the number of
active sites of AMEB may increase with increasing
temperature [23, 24].

respectively. The optimum pH for adsorption BB41
onto AMEB was found to be 10 and pH 10 was used
for further experiments. At acidic pH values H+ may
occupy the adsorption sites of AMEB. The low
adsorption capacities at low pH values may occur
due to the competitive adsorption between H + ions
and BB41 molecules. The results showed that H+
ions inhibit the adsorption of BB41 onto AMEB. The
surface of the adsorbent may be charged negatively
at high pH values and the adsorption of BB41
molecules increases due to the electrostatic
attraction between the AMEB surface and BB41
molecules. A similar result of the pH effect was also
reported for the adsorption of methylene blue onto
jute fiber carbon [21].
Effect of Temperature. Tests on the effect of
temperature (15, 20, 25, 30, 35, 40, 45, 50 and 55°
C) on the adsorption of BB41 onto AMEB were
performed while the initial dye concentration,
AMEB dosage and pH were fixed at 250 mg/L, 0.1
g and 10, respectively (Fig. 3). Temperature is an

FIGURE 1
Equilibriums for BB41 S

FIGURE 2
The effect of pH on adsorption of BB41 onto AMEB for
distilled water and SDBW S 
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FIGURE 3
Effect of temperature on the adsorption of BB41 onto AMEB for
distilled water and SDBW S 

Thermodynamic
Parameters.
The
thermodynamic parameters such as change in
6WDQGDUG IUHH HQHUJ\ ¨G  HQWKDOS\ ¨H°) and
HQWURS\ ¨S°) were estimated using the following
equations:
¨G ¨Hࡳ7¨S°
(3)
§q ·
log ¨¨ e ¸¸
© Ce ¹

'H q
 'H q

2.303R 2.303RT

favored at all temperatures. The positive values of
ǻ+ LQGLFDWH WKH HQGRWKHUPLF QDWXUH RI %%
adsorption onto the AMEB. The positive value of
¨S° indicates that the degree of randomness at the
solid-liquid interface increased during BB41 dye
adsorption onto the AMEB [24].

(4)

Effect of BB41 Concentration. The effect of
initial BB41 concentration (75, 100, 150, 200 and
250 mg/L) on the adsorption of BB41 onto AMEB
was performed while temperature, AMEB dosage
and pH were fixed at 50 °C mg/L, 0.1 g and 10,
respectively (Fig. 4). It was determined that the
adsorption capacity of AMEB significantly
increased with increasing initial concentrations of
BB41 and removal efficiencies increased with
decreasing initial BB41 concentration. The effect of
initial BB41 concentration on adsorption capacity
and removal efficiency is given in Figure 6. When
the initial BB41 concentration increased from
75 mg/L to 250 mg/L, the adsorption capacity of
AMEB for distilled water increased from 102 to
289.65 mg/g while the removal efficiency of BB41
decreased from 90.66% to 77.24%. The adsorption
capacity of AMEB for SDBW increased from 79.80
to 211.80 mg/g while the removal efficiency of
BB41 decreased from 70.93% to 56.48%.

where qe is the amount of dye adsorbed per unit mass
of AMEB (mg/g) at equilibrium, Ce is equilibrium
concentration (mg/L), T is temperature in K and R is
the gas constant (8.314 J/mol K) [25].
The
thermodynamic
parameters
were
calculated in order to comprehend the feasibility and
nature of the adsorption of BB41 onto AMEB for
distilled water. The results are presented in Table 1.

TABLE 1
Thermodynamic parameters of BB41 dye
adsorption onto the AMEB at different
Temperatures
Temperature,
°C
15
20
25
30
35
40
45
50
55

¨G°,
¨+
¨6
kJ/mol
kJ/mol
kJ/mol
-244.438
-785.533
-1326.628
-1867.723
-2408.818 30922.634 108.219
-2949.913
-3491.008
-4032.103
-4573.198

Effect of the AMEB Dosage. Investigation of
the effects of adsorbent dosage in adsorption
experiments is an important stage for determination
of the adsorption capacity for studied dye
concentrations. The effect of AMEB dosage (0.1,
0.2, 0.4, 0.6 and 0.8 g) on the adsorption of BB41
onto AMEB was performed while the initial dye
concentration, temperature and pH were fixed at 250
mg/L, 50 °C and 10, respectively. It was found from
Fig. 5 that the adsorption capacity of AMEB for

1HJDWLYH ¨* YDOXHV LQGLFDWLQJ WKDW
spontaneity of BB41 adsorption onto AMEB is
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Equilibrium Isotherms. Minimization
procedure is performed to solve the adsorption
isotherm equations by maximizing the correlation
coefficient between the experimental data points and
theoretical model predictions with the solver add-in
function of Microsoft Excel [7]. The criteria for the
selection of the best isotherm model are essentially
based on the correlation coefficient and the average
percentage error (APE). The correlation coefficient
shows the fit between experimental data and the
isotherm model, while the average percentage error
(APE) indicates the fit between the experimental
data and calculated data used for plotting isotherm
curves [27]. Equation of APE can be written as:
N
¦i 1 ((qe ) exp  (qe ) cal ) /( qe ) exp u 100
(5)
APE (%)

distilled water significantly increased from 36.54 to
289.65 mg/g with the decrease of adsorbent dosage
from 0.8 g to 0.1 g. The increase in adsorption
capacity with decreasing AMEB dosage is due to the
concentration gradient between BB41 concentration
in the solution and in the surface of AMEB [24]. This
may be explained by the increase in availability of
surface active sites with increasing doses of AMEB
[26]. It was also found that the percentage of dye
removal at equilibrium increased from 77.24% to
97.9% with the increase of adsorbent mass from 0.1
g to 0.8 g. BB41 removal efficiency for SDBW
increased from 56.48% to 88.04% with the increase
of adsorbent mass from 0.1 g to 0.8 g. 0.4 g AMEB
was found to be sufficient to remove 250 mg/L BB41
from 150 mL distilled water with ~95% removal
efficiency. However, over 0.8 g AMEB was required
to obtain 90% removal efficiency for SDBW.

N

qe is the amount of adsorbate adsorbed per unit
mass of adsorbent (mg/g) at equilibrium, N is the
number of experimental data

FIGURE 4
Effect of initial BB41 concentration on adsorption capacity of AMEB and BB41
removal efficiency for distilled water and SDBW S 

FIGURE 5
Effect of AMEB dosage on the adsorption capacity of AMEB BB41 removal efficiency for
distilled water and SDBW S 
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correlation coefficient (0.990) and 1.478%
average percentage error. Among the tested
adsorption isotherms, the perfect representation of
the experimental results of the adsorption isotherms
was obtained using the Freundlich model. According
to Table 2, the coefficient of correlation of the
Freundlich model is perfect (0.997) and the mean
value of the average percentage error was calculated
at 0.233%. The value of 1/n (0.646) indicated
favorable adsorption and intensity of surface
heterogeneity.

(1) Langmuir Isotherm. This model assumes
monolayer adsorption onto an homogenous
adsorbent surface. The Langmuir isotherm can be
represented as:
qmax K LCe
(6)
q
e

1  K L Ce

where qe is the amount of adsorbate adsorbed per unit
mass of adsorbent (mg/g) at equilibrium, Ce is the
equilibrium concentration of the adsorbate (mg/L),
qmax is the maximum adsorption capacity (mg/g) and
KL is the Langmuir constant related to the rate of
adsorption (L/mg) [28].

CONCLUSION

(2) Freundlich Isotherm. Freundlich
improved an empirical equation applied to define
heterogeneous adsorption processes [29]. The
Freundlich isotherm equation can be represented as:

qe

K F Ce

1/ n

Experiments showed that AMEB removed
BB41 successfully from distilled water and SDBW.
The AMEB exhibits higher adsorption capacity for
BB41 in distilled water than in SDBW. The results
of the present study showed that AMEB can be used
as an alternative low-cost adsorbent for the effective
removal of BB41, which is an azoic textile dye. The
adsorption capacity of AMEB increases with
increasing initial dye concentrations, temperature
and pH and was found to increase with decreasing
dosages of AMEB. 0.4 g AMEB was found to be
sufficient to remove 250 mg/L BB41 from 150 mL
distilled water with ~95% removal efficiency. 0.6 g
AMEB was found to be sufficient to remove 250
mg/L BB41 from 150 mL SDBW with ~85%
removal efficiency. Langmuir isotherm predicted
364.972 mg/g maximum adsorption capacity of
AMEB for BB41. Freundlich isotherm model could
fit the experimental data perfectly (R2=0.997). The
value of 1/n (0.646) indicated favorable adsorption
and intensity of surface heterogeneity. The
thermodynamic analysis showed that the adsorption
of BB41 onto AMEB was an endothermic process.

(7)

KF is the Freundlich isotherm constant (L/mg). 1/n
represents the intensity of surface heterogeneity and
ranges between 0 and 1. A value of 1/n closer to zero
indicates intensity of surface heterogeneity [30].
(3) Tempkin Isotherm. Tempkin assumes heat
of adsorption of molecules in the layer decreases
linearly
with
coverage
due
to
the
adsorbate/adsorbate interactions [31]. The equation
of the Tempkin isotherm is given by the following
equation:
(8)
RT
qe

bT

ln AT Ce

where bT is the adsorption potential, KT is the
Tempkin isotherm (L/mg), R is the universal gas
constant (8.314 J/mol K) and T (K) is the absolute
temperature.

TABLE 2
Model parameters estimated for the adsorption
isotherms BB41 by AMEB (pH=7, T=20°C,
particle size=1 mm, AMEB dosage=0.5 g)
Isotherms
Langmuir

Freundlich

Tempkin

Parameters
qmax 364.972
KL
10.113
0.990
R2
1/n
0.646
KF
21.216
0.997
R2
32.350
bT
KT
1.070
R2

0.994
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CONTENT OF MACROELEMENTS IN LEACHATE FROM
SOILS FERTILISED WITH ORGANIC MATERIALS
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Department of Agricultural Chemistry and Environmental Protection, Faculty of Environmental Management and Agriculture,
University of Warmia and Mazury in Olsztyn 10-719 Olsztyn; 8 Oczapowskiego, Poland

(46,300 tons d.m.). One of the most sensible ways of
recycling sewage sludge in the natural environment
is to use it for making composts which are
subsequently applied in agricultural production.
Noteworthy, sludge may contain excessive amounts
of heavy metals which, as well as being harmful to
humans and animals, tend to accumulate in the food
chain [2].
Sewage sludge-based composts are a potential
source of organic matter and nutrients for plants in
agriculture, nature protection and soil reclamation.
The course of transformation of mineral and organic
nitrogen compounds in the soil environment as well
as their run-off from farmlands depend on the
meteorological conditions (including rainfalls), soil
compactness and land use as well as doses and types
of fertilisers applied [3-7].
Amounts of phosphorus leached from soil are
relatively small (<1 kg ha-1 annually), but when
added to the surface run-off, the total loss can be as
high as 0.08-0.12 mg P dm-3, which is high enough
to give rise to water eutrophication [8, 9]. Dissolved
substances leached below the rhizosphere of crops
should be perceived not only in terms of nutrient loss
but also as a potential source of ground water
contamination.
The purpose of this study has been to determine
the content of macroelements in leachate from soil
fertilised with organic substances.

ABSTRACT
The purpose of this study has been to determine
quantities of macroelements and heavy metals
leached from soil fertilised with organic materials.
Manure and composts containing sewage sludge are
a much richer source of organic carbon, nitrogen and
phosphorus than composts made from municipal
waste. Leachate from soils fertilised with organic
material contained more N-total, P-total and S-SO42than leachate from the control field or from soil
nourished only with mineral fertilisers. Fertilisation
with manure and composts raised the content of NNH4+ and N-organic in leachate, but leachate from
unfertilised soil or from soil fertilised exclusively
with mineral fertilisers contained more N-NO3-. The
leachate from the soil fertilised with composted
sewage sludge and straw contained over a 50% share
of N-NH4+ in N-total, whereas the leachate from the
plots fertilised with composted municipal waste or
manure had about 45% of N-NH4+ in N-total. The
highest percentage of N-NO3- was detected in
leachate samples from the soil fertilised with NPK
alone (about 58%) and from unfertilised soil (about
49%). In turn, organic nitrogen (53%) dominated in
the leachate from soils fertilised with municipal
waste compost or dried and granulated sewage
sludge. The content of biogenic substances in
leachate from all the objects was less than the highest
permissible concentrations in underground water
classified as the highest quality water.

MATERIAL AND METHODS
KEYWORDS:
biogenic substances, leachate, sewage sludge composts,
municipal waste composts

The effect of manure and composts on the
potential volume of leached soil macro-elements was
assessed in a model lysimetric experiment,
conducted under controlled conditions. Soil for
analyses was sampled after harvesting winter wheat,
which terminated the second cycle of a four-field
rotation system. Soil samples were obtained from
three soil profile horizons: 0 ± 30; 31 ± 60 and 61 ±
90 cm. Subsequently, the sampled soil was laid in
lysimetric cylinders in the same three layers. The
total amount of water for leaching corresponded to
the mean annual amount of precipitation in the
province of Warmia and Mazury in Poland (605
mm).

INTRODUCTION
Sewage sludge is obnoxious but unavoidable
by-product of wastewater treatment, and the problem
of sewage sludge inactivation is increasingly serious.
In 2014, the total amount of produced sewage sludge
was 556,000 tons of d.m., of which 107,200 tons
d.m. was used in agriculture [1]. Sewage sludge is
also used for remediation of degraded land (22,000
tons d.m.) and cultivation of plants for composts
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TABLE 1
Characteristics of soil prior to the experiment
Exchangeable cations [mmol(+) kg-1]
Ca
Mg
K
57.2
7.2
5.1
Available macroelements [mg kg-1]
P
K
Mg
45.1
132.3
48.3

Hydrolytic acidity pHKCl
[mmol(+) kg-1]

Na
0.8
S-SO4
10.2

27.7
C-organic
g kg-1
7.63

5.04
N-total
0.64

TABLE 2
Content and load of macroelements introduced to soil with organic materials
Elements

Manure

Compost from
sewage sludge
and straw

g kg-1
d.m.
222.4
586.8
C
76.2
108.4
C/N
13.1
17.2
N
5.80
6.28
P
1.02
4.41
K
6.70
0.79
Mg
1.30
1.24
Ca
3.60
6.34
kg ha-1 per 1 rotation cycle
C
3426.3
1847.0
N
260.8
107.5
P
45.0
75.2
K
301.3
13.5
Mg
58.5
21.1
Ca
161.9
108.0

Composted
sewage sludge

Dried and
granulated
sewage sludge

Compost from
Compost from
unsorted municipal municipal
ZDVWH³'DQR´
green waste

403.1
86.2
7.3
11.77
8.03
1.02
3.16
13.67

851.4
325.8
20.3
16.02
10.45
1.56
2.91
12.86

746.4
101.7
14.6
6.94
2.94
4.71
2.48
13.21

788.8
63.3
14.1
4.50
3.23
2.30
2.33
9.94

2139.0
292.0
199.3
25.2
78.3
339.0

3827.0
188.2
122.7
18.3
34.2
151.0

1362.0
93.0
39.4
63.1
33.2
177.0

802.0
57.0
41.0
29.1
29.5
126.0

colorimetry with ammonium molybdate and tin(II)
chloride,
P-PO43- ± by colorimetry with ammonium
molybdate and tin(II) chloride,
Cl- ± by the Mohr argentometric method,
S-SO42-± by the nephelometric method,
K ± by flame emission spectrophotometry,
Ca2+, Mg2+ ± by the complexometric titration
method.
Results of the chemical assays were submited
to statistical analysis using the software Statistica
10. 7KH 7XNH\¶V WHVW DW WKH OHYHO RI VLJQLILFDQFH
Į=0.01 was applied to verify the significance of
differences between the data.

A field experiment was set up on proper greypodsolic soil, developed from light boulder clay [10].
Selected soil properties are contained in Table 1.
Field trials, which were carried out in 20042011, comprised two rotation cycles: potato, spring
barley, winter oilseed rape, winter wheat. The whole
experiment consisted of the following treatments:
control (no fertilisation), NPK, compost made from
municipal sewage sludge and straw, composted
sewage sludge, dried and granulated sewage sludge,
Dano compost made from unsorted municipal waste,
and compost made from urban green waste. During
the experiment, soil was amended with 20 tons d.m.
of organic materials, i.e. 10 tons d.m. in each rotation
cycle. In the years when manure and composts were
applied, depending on their N-total content, the
amount of soil nitrogen was supplemented to the
level recommended for the grown crops. In the other
years, only mineral fertilisation was performed.
The following were determined in the
leachates:
N-total ± the Kjeldahl method,
N-NH4+ ± colorimetrically, by the Nessler
method,
N-NO3- ± the colorimetric method with phenol
disulphic acid,
N-NO2- ± the colorimetric method with
sulphanilic acid and Į-naphthylamine,
P-total ± following mineralisation, by

RESULTS AND DISCUSSION
The organic materials used for soil fertilisation
had different contents of dry matter, organic carbon
and macroelements (Table 2). In each rotation cycle,
the highest amounts of organic carbon were added to
soil supplemented with dried and granulated sewage
sludge (3827.0 kg ha-1) and manure (3426.3 kg ha-1),
while the lowest quantities were incorporated into
soil with municipal green waste compost (802.0 kg
ha-1). The highest amounts of nitrogen (292.0 kg ha1
) and phosphorus (199.3 kg ha-1) were added to soil
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The total nitrogen content in the soil
leachates ranged from 414.4 to 893.6 μg dm-3. The
least nitrogen was determined in the leachates from
the control soil and from the soil fertilised
exclusively with mineral fertilisers. The leachates
from the soils fertilised with dried and granulated
sewage sludge or with manure contained about twice
as much of this biogenic substance. The leachate
from the control object and from the NPK-fertilised
soil had a prevalent share of N-NO3- (227.7 and
239.1 μg dm-3, respectively). The leachates from the
soils treated with manure, compost made from
sewage sludge and straw or compost from urban
green waste contained mostly N-NH4+. In turn, when
soil had been enriched with dried and granulated
sewage sludge or with municipal waste compost, the
leachate samples had a dominant contribution of Norganic (470.2 and 329.2 μg dm-3, respectively). In
all leachate samples, nitrate(III) ions constituted the
smallest share of nitrogen forms. The above
relationships can be easily explained. Simple organic
compounds, produced as a result of the
decomposition of organic matter introduced to soil,
are the ones which each most easily.
$FFRUGLQJ WR &]\Ī\N DQG 5DMPXQG >@
concentrations of N-total and N-NO3- in soil
leachate depend on the type and doses of fertilisers,
and tend to increase at higher fertiliser doses. These
concentrations are lower in leachate from soil
fertilised with compost than from soil nourished with
equivalent doses of nitrogen supplied in the form of
saltpeter. Concentrations of nitrates in leachate from
soil fertilised with saltpeter salt were approximately
twice as high as in leachate from soil nourished with
equivalent doses of nitrogen in compost.

fertilised with composted sewage sludge, while most
potassium (301.3 kg ha-1) was introduced to soil
enriched with 10 tons d.m. of manure. Compared to
manure, composts and sewage sludge were a poor
source of potassium. The organic materials tested
enriched the fertilised soil with 21.1-78.3 kg Mg and
126.0-339.0 kg Ca.
Among the macro-elements tested, cations of
calcium, magnesium and potassium as well as
sulphate(VI) and chloride anions were leached in the
highest amounts (Table 3). The highest Ca
concentration was determined in the leachate
obtained from the soils fertilised with NPK,
composted sewage sludge or the compost Dano
made from municipal waste (13.30, 12.63 and 12.04
mg Ca dm-3), while the lowest Ca concentration was
detected in the leachate from the soil nourished with
urban green waste compost (7.07 mg Ca dm-3). In
turn, the highest Mg concentration (1.97 mg Mg dm3
) was found in the leachate obtained from the soils
fertilised with dried and granulated sewage sludge or
with compost made from urban green waste. The
highest content of potassium and chloride ions (1.47
and 9.00 mg dm-3, respectively) appeared in the
leachate from the soil fertilised with manure.
Significantly the highest S-SO42- content (8.35 mg
dm-3) was determined in the leachate from the soil
fertilised with compost made from sewage sludge
and straw, while the lowest concentration of this
compound (4.78 mg dm-3) was found in the soil
fertilised with NKP alone. The leaching of the above
components from soil depended primarily on their
amounts introduced to soil together with organic
materials. However, the highest Ca leaching from the
NPK-fertilised soil implicates an adverse effect of
this fertilisation regime.

TABLE 3
Content of macroelements in soil leachates
Compost
from
municipal
green waste

NPK

Manure

mg dm-3
1.32ab*
10.77cd
1.84ab
5.29ad
5.00a
μg dm-3

1.32ab
13.30e
1.50a
4.78d
4.50a

1.47b
8.33ab
1.50a
6.66bc
9.00b

1.38ab
8.92a-c
1.56ab
8.35e
4.50a

1.41ab
12.63de
1.63ab
6.15a-c
5.00a

1.20ab
10.10bc
1.97b
6.15a-c
4.00a

1.14a
12.04de
1.43a
5.35abd
5.00a

1.23ab
7.07a
1.97b
7.20ce
5.50a

N-tot.

466.2a

414.4a

840.0c

608.7ab

525.6a

893.6c

623.8ab

803.8bc

N-NH4+

144.6a

110.8a

372.3b

307.7ab

203.0ab

181.5ab

152.3a

373.8b

N-NO3-

227.7ac

239.1c

202.7ab

177.0b

196.4ab

211.8ac

120.7d

115.0d

N-NO2

0.05a

0.31a

1.13b

1.10b

0.28a

0.65ab

0.97b

0.62ab

N-org.

75.9a

50.6a

236.7ab

103.5a

108.4a

470.2b

329.2ab

257.9ab

P-tot.

221.0a

77.9b

373.5c

211.9a

267.0a

210.4a

262.9a

190.0a

P-PO43-

97.7c

67.5a

93.5bc

86.7a-c

81.7a-c

118.9d

81.2a-c

76.2ab

K
Ca
Mg
S-SO42Cl-

-

P

Compost from
unsorted
municipal waste
³'DQR´

Control

Elements

N

Dried and
granulated
sewage sludge

Compost from
Composted
sewage sludge
sewage sludge
and straw

*- the GDWDLQWKHURZVGHVLJQDWHGZLWKWKHVDPHOHWWHUVDUHQRWVLJQLILFDQWO\GLIIHUHQWDW3
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FIGURE 1
Shares of nitrogen compounds in soil leachates
&]\Ī\Net al. [11] demonstrated experimentally
that the content of N-NH4+ in leachate from soil
enriched with compost was higher than in leachate
from soil given mineral fertilisers. Total quantities of
mineral nitrogen forms leached from soil equalled
12% of the total amount of nitrogen supplied to soil
with compost and 20-27% of nitrogen introduced to
soil with mineral fertilisers. Mazur and Mazur [12]
proved that large doses of organic fertilisers caused
an increase in the content of N-mineral in soil, which
may have an adverse effect on the quality of crop
yields and lead to contamination of the environment.
More N-NO3- can even be leached from soil fertilised
with organic fertilisers than from ones supplied
NPK. The leaching of N-NO3- from soil is also
dependent on the plant cover. Kaczmarski and
Kasperczyk [13] reported the highest concentration
and load of N-NO3- in water leaching through soil
overgrown with meadow clover. In fact, the amount
of N-NO3- leached from this type of soil was twice
as high as leached from soil with no plant cover and
8-20% higher than from grass-covered soil.
The analysed soil leachates contained various
shares of individual nitrogen compounds in total
nitrogen (Figure 1). The highest N-NH4+
contribution, up to 50% of total nitrogen, was
detected in the leachate from soil fertilised with
compost made from sewage sludge and straw. The
leachates from soils enriched with urban green waste
compost or manure were found to have about 45% of
N-total consisting of N-NH4+. The highest N-NO3percentage in total nitrogen was determined in the
leachates from soil fertilised either with NPK alone
(about 58%) or from unfertilised soil (about 49%).
The contribution of this nitrogen form to total
nitrogen in the other leachates ranged from 14 to
37%. In turn, the leachates from soils fertilised with
municipal waste compost or dried and granulated
sewage sludge had a dominant share of organic
nitrogen (53%) in N-total. &]\Ī\NDQG Rajmund [4]

underline the fact that forms of nitrogen leached
from soil are not only mineral ones but also soluble
organic nitrogen compounds, especially when soil is
fertilised with composts, in which the share of nitrate
nitrogen in the total amounts of leached nitrogen
compounds is much lower (41-77%) than if soil is
nourished with equivalent doses of nitrogen supplied
as salts (60-95%).
The P-total content in the leachates varied from
77.9 to 373.5 μg dm-3 (Table 3). Significantly the
highest amounts of P-total were leached from the soil
fertilized with manure, while the least
P-total was leached from the NPK-treated soil. The
concentration of P-PO43- in leachates ranged from
67.5 μg dm-3 following manure application to 118.9
μg dm-3 when soil had been fertilised with dried and
granulated sewage sludge. The per cent share of PPO43- in total phosphorus varied from 25% (soil
fertilised with NPK) to 87% (manure-treated soil).
Mineral phosphorus is hardly mobile in soil; based
on the results of our experiment, we can hypothetise
that organic fertilisers can increase considerably the
leaching of phosphorus from soil. Phosphorus
leaching from soils may depend on the activity of
acid
phosphatase,
which
determines
the
mineralisation of organic compounds that contain P.
In turn, the activity of phosphatase, according to
Wieczorek et al. [14], depends on the content of
heavy metals in soil and its pH.
According to Demir et al. [15], recirculation of
leachate from solid waste increases the rate of
production of gas and CH4 in landfill gas and
shortens waste stabilisation. The mineralisation of
organic matter contained in sewage sludge leads to
the release of SO42-, NH4+ and NH3 ions from soil.
The nitrification of NH4+ and NH3 generates NO2and NO3- ions, a process accompanied by the release
of H+ and the increase in the redox potential of
solution. Consequently, decomposition of organic
matter favours the leaching of SO42-, NO2- and NO36135
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anions, while H+ released during nitrification raises
the solubility of aluminum compounds [16].
Szymczyk and Szyperek [17] claim that the
volume of nitrogen leaching away with drainage
waters depends on amounts of rainfall, soil
compactness and type of land use in a given drainage
basin. In our study, about 0.38 kg N ha -1 was
removed with drainage waters in a dry year, and up
to 3.57 kg N ha-1 in a wet one.
Sevel et al. [18] concluded that when energy
willow plantations were fertilised with a dose of 120
kg N ha-1, irrespective of the type of fertiliser
(mineral fertilisers, manure, sewage sludge), the
amounts of nitrogen leached were small (1-7 kg N
ha-1 annually). However, much higher nitrogen doses
(240 and 360 kg N ha-1) in single application caused
the nitrogen leaching up to 66 and 99 kg N ha-1,
respectively, which ± according to these authors ±
implicates considerable saturation of soil with this
element. Likewise, preceding crops being fertilised
intensively with nitrogen may lead to a high soil
nitrogen richness and consequently a high level of
nitrogen leaching from oil.
The results reported by Brenton et al. [19] or
Rostagno and Sosebee [20] suggest that sewage
sludge used for fertilisation of light soils can raise
concentrations of N-NO3-, SO42-, N-NH4+, P-PO43-,
Cl-, Ca, K, Mg and Na in the discharged water.
Concentrations of these ions are higher when higher
doses of sewage sludge are supplied to soil, but
decrease with time.
According to Vanden Nest et al. [21], the solid
fraction separated mechanically from digestate as
well as composted organic waste can replace mineral
fertilisers or bovine slurry. The solid digestate
fraction is a source of readily phytoavailable P,
which means that its application increases the risk of
phosphorus being leached from soil. Bartoszewicz
and Karp [22] determined that leachate from soil
fertilised with slurry in a dose of 123.8 t ha-1
contained 64.8 mg PO43- kg-1 of soil, whereas
leachate from unfertilised soil had just 21.7 mg PO43kg-1 of soil. The concentration of PO43- in soil
leachate exceeded the minimum quantity inducing
the eutrophication process. Higher doses of bovine
slurry tested by Piovesan et al. [23] led to an increase
in the concentrations of N-NH4+, P and K in soil
leachate, and the raised concentrations of N-NO3and K were due to the application of higher mineral
fertiliser doses. However, concentrations of all
leached ions, except N-NO3-, were below the
permissible values set by the Brazilian law. The cited
researchers implicate the role of soil in reducing
water pollution caused by farming. A study by
McLaren et al. [24] showed that sewage sludge
applied to meadow and forest soils caused an
increase in concentrations and total content of SO42-,
NO3-, Ca, Mg, Na and K leached from soil and
carried away with drainage water, but had no effect
on the concentrations of Cl- and dissolved organic



carbon compounds. The leaching of macroelements was affacted by soil properties, volume of
runoff water and plant cover. The dominant ion in
leachate was SO42-, while Na+ was the dominant
cation. Following an application of sewage sludge
characterised by a broad Ca:Mg ratio, the quoted
researchers achieved an elevated soil magnesium
leaching.
The content of minerals in water drained from
a soil profile varies greatly and depends on the
volume of drained water, plant fertilisation regime
and soil acidity. Depending on the content of
individual macro-elements in water drained from
grey podsolic soil, the following order of
concentrations can be suggested: Ca>Mg>K>Na.
Manure fertilisation stimulates the leaching of
magnesium and potassium although it leaves
calcium leaching unaffected. Depending on a plant
fertilisation system and soil acidity, the following
amounts of elements are leached with each 1m3 of
water drained from grey podsolic soil: 186-434 g Ca,
12.6-33 g Mg, 13.2-80 g K, 9.3-23.4 g Na per 1 ha
[25].
Depending on a dose of ammonium sulphate,
the amount of N leached from a sugar reed plantation
was 3.9±34.9 kg ha-1, and that of sulphate ranged
between 4.6 and 8.4 kg ha-1 [26]. The maximum
leaching of K, Ca, Mg was 53.6, 135.7 and 39.8 kg
ha-1, respectively. The highest amount of phosphorus
leaching from soil was 0.3- 1.2 kg ha-1, which does
not create a risk to the natural environment. The cited
researchers concluded that sugar reed cultivation did
not contribute to greater groundwater pollution.
Amounts of macro-elements leached from
sandy soil, according to Purwantono et al. [27], can
be ordered as follows: N-NO3->SO2->K+>Ca2+. The
leaching of K+ i N-NH4+ tends to be weaker in soils
with greater sorption complex capacity. Tejada and
Gonzalez [28] found that the loss of macro-elements
due to leaching was higher (by 24% of N-mineral,
31% of P and 18.5% of K) from soil fertilised with
compost and mineral fertilisers than from soil
supplied only with compost. The lower N/P ratio in
drainage water from fields fertilised with compost
and mineral fertilisers suggests a lower
eutrophication risk.

CONCLUSIONS
1. Leachates from soils fertilised with organic
materials contained more N-total, P-total and
S-SO42- than leachates from the control plot or from
soil fertilised only with mineral fertilisers.
2. Fertilisation with manure and composts
raised the concentrations of N-NH4+ and N-organic
in leachates, whereas leachates from unfertilised soil
or from soil treated exclusievly with mineral
fertilisers contained more N- NO3-.
3. The content of biogenic substances in
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A METHOD APPROACH FOR IDENTIFYING THEMATIC
FOOTPATHS IN ECOTOURISM: KIYIKOY PABUCDERE
AND KAZANDERE BASINS
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and practitioners in the fields of tourism and rural
development. Besides, the method developed can be
used on different areas and in different countries.

ABSTRACT
In this study; new tracks were created,
alternative to the existing walking routes within
.Õ\ÕN|\ 5HJLRQ ZLWK WKH IRUHVLJKW RI ³7RXULVP
routes are both an important element of economic
JURZWK DQG D QDWXUDO DQG FXOWXUDO KHULWDJH YDOXH´
This process was carried out by analysing natural and
cultural values ecologically, with a participatory
approach.
The research area, located in the Thrace region
of Turkey; facilitates the emergence of different
tourist routes and corridors with its historical and
cultural identity, natural values, local capabilities,
history and product focused route traces (Sultan
Road, Dionysus Wine Road), and natural identity.
The working area is recommended as ecotourism
centre in the upper scale planning decisions with its
potential.
In this study, it was aimed to create ecotourism
development corridors, which are passing through
the rural areas, forest roads, historical route traces,
cultural axes and agricultural axes, by connecting the
natural and cultural resources integrally within
thematic routes, instead of point-scale ecotourism
planning.
For this reason the area was divided into microwatersheds, determined by the natural watershed
boundaries. Each micro-watershed was evaluated
according to six basic factors, including; natural
landscape attractiveness, accessibility, tourist
infrastructure facilities, tourist superstructure
facilities, socio-cultural landscape attractiveness and
the impact of visitors on ecotourism resources and
their perspectives. The ecotourism value of each
micro watershed was determined in line with
ecological examination. 11 different designated
thematic routes, which are distinguished with their
natural, cultural and historical source values, were
created for nature walking in the aforementioned
area.
As a result, it is ensured to create a strong
tourism route and destination regarding ecotourism,
and to develop proposals for a sustainable rural
improvement of the weak areas of the region. The
created lines where ecotourism routes are identified
will provide a fundamental base for decision-makers

KEYWORDS:
ecotourism, thematic routes, landscape planning, walking
routes

INTRODUCTION
The concept of ³WKHPDWLFURXWH´PHDQVDURXWH
that connects natural or artificial attractions, on the
basis of a certain theme, and that are accessible by a
form of transport. Considering sustainability,
thematic routes provide education and leisure at the
same time. The main aims of such routes are: raising
interest, education, development of cooperation, new
markets,
protection,
packaging,
decrease
expenditures, development, fitting the trends, etc.
[1]. Routes seem to be a particularly good
opportunity for less mature areas with high cultural
resources that appeal to special interest tourists, who
often not only stay longer but also spent more to
pursue their particular interest [2].
As well as being significant natural and cultural
heritage values, tourist routes constitute an important
aspect of economic development.
According to Council of Europe (2002); the
potential of tourism routes has long been realised in
the developed world. In 1964 a Council of Europe
working group mooted the idea of a series of
European cultural routes with the prime objective of
raising awareness of European culture through
travelling, setting up a network of cultural tourism
and utilising European cultural heritage as a means
of stimulating social, economic and cultural
development, thus improving the quality of life of
local people. The idea came to fruition in 1980 with
the establishment of the Santiago de Compostela
Pilgrims Way [2]. Identifying thematic routes is
important for our national tourism industry. As
products of a rich historical and cultural heritage, the
cultural routes passing through our country such as
³6LON 5RDG´ ³6W 3DXO 7UDLO´ DQG ³/\FLDQ :D\´
offer a significant tourism potential [3]. There are
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MATERIAL AND METHOD

activities in the area are forestry, fishery and
animal husbandry. The most caught fish species
include anchovies, horse mackerel, turbots, red
mullets, blue whiting and twaite shads. Sand
mussels are also popular in the region. 6LQFH.Õ\ÕN|\
LV VXUURXQGHG E\ <ÕOGÕ] 0RXQWDLQV DQG ,VWUDQFD
Forests it has a very limited farmland and thus
agriculture is performed only in the restricted areas.
Moreover, the area also has a potential for aromatic
plant growing, organic apiculture and ecological
agriculture.
The research method consists of three
fundamental stages, namely Inventory, Analysis
(ecological-cultural analysis) and Synthesis (SWOT,
Alternative Route creation). The data obtained in
each stage of the method are analyzed and
synthesized in terms of micro basins. The Pabuçdere
DQG.D]DQGHUHEDVLQVFRYHULQJ.Õ\ÕN|\VHWWOHPHQW
and its immediate vicinity, are divided into micro
catchment basins based on the drainage divides
featured on 1/25 000 scale topographic maps. In this
respect, the geographical area of study is divided into
31 micro basins 20 in Kazandere basin and 11 in
Pabuçdere basin (Figure 2). Those micro basins with
streams and dams were considered as most suitable
for ecotourism [5], [6] [7], [8].

The geographical area of study includes
Pabuçdere and Kazandere basins that extend
throughout the coastal Black Sea region in the north
eastern part of Thrace, covering 6 villages and 1
town in an area of approximately 293 km2 (Figure 1).
The area features various different elevation zones,
slopes and surface features. The highest elevation is
covered with forested dip slopes which surround the
area like a basin. The second tier features a flat
elevation area with settlement. The vegetation cover
mostly consists of woods. The main economic

Inventory. During the first phase of the study,
data were gathered regarding the natural landscape
elements (such as climate, topography, geology,
flora, fauna, hydrology etc.) and cultural landscape
elements (such as the presence of historical and
cultural attractions, sufficiency of infrastructure,
accommodation facilities, availability of ruraltraditional production modes and their presentation
to the tourists, willingness on the part of the locals to
involve in tourism activities, awareness of the public
and private industries.

also two important trekking routes within the close
vicinity of the study area (these roads have been
influential in creating alternative footpaths for this
article). One of these routes is the "Sultanlar Route",
which is one of the most significant international
trekking routes in Thrace region. The Sultans Route
is a trekking route that follows the destination
selected during the 1st and 2nd Vienna Campaigns
in 1529 and 1683 respectively. Boasting of both
natural and historical attractions along the way, the
route runs for a total distance of 2200 km, the
Turkish leg of which is about 390 km. The other
route is WKH ³'LRQ\VXV¶ :LQH 5RXWH´  The
³'LRQ\VXV¶ :LQH 5RXWH´ LV D URXWH WKURXJK ZKLFK
WKHJUDSHVFROOHFWHGIURPWKHYLQH\DUGVRI.ÕUNODUHOL
and interior parts of Thrace were transported to
Skopje by various means in the ancient times [4].
This study aims to identify new alternative
trails, in addition to the existing ones, by establishing
a methodical approach that may be employed in
identifying ecological routes within the scope of
ecotourism in Turkey and specifically within the
FRQWH[WRI.Õ\ÕN|\DUHD

FIGURE 1
Location of study area
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FIGURE 2
3DSXoGHUHDQG.D]DQGHUHZDWHUVKHGVLQ.Õ\ÕN|\
Synthesis. As a result of the socio-cultural
analysis and by using the data obtained from the
fieldwork, the strengths and weaknesses of the area
were established and the opportunities and threats
SUHVHQWHG7KHDQVZHUWRWKHTXHVWLRQ³:KDWDUHWKH
problems, potential and restrictions of the area in
WHUPVRIHFRWRXULVP"´ZDVVRXJKWWKURXJKD³6:27
$QDO\VLV´6:27LVDWHFKQLTXHWKDWLGHQWLILHVWKH
strengths and weaknesses of a process or condition
that is under examination and establishes possible
external threats and opportunities for the future and
seeks to develop objectives aimed at reducing the
effects of the existing threats and weakness to a
minimum and exploiting the identified strengths and
opportunities as much as possible [16], [17], [18],
[19]. Based on the analysis and synthesis data thus
obtained and the natural and cultural data identified
in each micro basin, the alternative routes were
created within the boundaries of the said basins and
efforts were made to strengthen the connections
between the potentially strong and weak ecotourism
areas through the routes established in between. In
other words, the present study sought the answer to
WKH TXHVWLRQ ³:KDW GLUHFWLRQ VKRXOG WKH
development of ecotourism take and how should
thematic routes and strateJLHVEHGHYHORSHG"´ [20],
[21], [22], [23], [24].

and local population about ecotourism, the social,
cultural and economic characteristics of the local
population, cultural values etc.) of the area, which
were then converted into positional maps (such as
slope, exposure, elevation, major land groups, land
use talent classes, erosion, hydrographic, geological,
natural vegetation, climate maps etc.) using CBS
package software (Arc GIS 10.00).
Analysis: ecological-cultural analysis. Each
micro basin is evaluated and rated in accordance with
6 fundamental components -including natural
landscape attractions, accessibility, touristic
infrastructure facilities, touristic superstructure
facilities, socio-cultural landscape attractions and
influence and perspective of visitors on the
ecotourism resource-, 15 assessment factors and 24
sub criteria [9], [10], [11], [12], [13], (Table 1), [14],
[15]. The fieldwork included interviews with
stakeholders, visitor surveys and a rapid rural
assessment work7KHDQVZHUWRWKHTXHVWLRQ³:KDW
are the perception, awareness and expectations of the
VWDNHKROGHUV UHJDUGLQJ HFRWRXULVP"´ ZDV VRXJKW
through "Rapid Rural Assessment Technique",
visitor surveys and land excursions.
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TABLE 1
The criteria used to determine the ecotourism potential of the micro-watersheds
ASSESMENT FACTORS

1.

SUB-UNITS
Temperature (° C)
(Annual avg. Temp.)

Rainfall (mm)
(The average annual
rainfall)

Climate

Wind speed (m / s)
Moisture%
Drainage
Erosion

LANDSCAPE
ATTRACTIVENESS
OF ECOTOURISM
RESOURCE

2.

Land assets

3.

Topographic structure

Height (m)
Slope (%)

4.
5.
6.
structure

Presence of natural plant
Presence of wild animals
Geological and geomorphologic

Availability
Availability
Availability

Land use capability class

Access to the shore (m)

Access to water

ACCESSIBILTY

7.
Access to Ecotourism
Source
Access to road

TOURISTIC
INFRASTRUCTURE
FACILITIES
TOURISTIC
SUPERSTRUCTURE
FACILITIES
SOCIO-CULTURAL
LANDSCAPE
ATTRACTIVENESS
EFFECTS OF
VISITORS ON
ECOTOURISM

Access to
residential centre
8.Access to drinking water, electricity, means of
communication (m)
9. Accommodation facilities
10. Refreshments facilities
11.Health units
12. Local people's perspective on tourism
13. The traditional settlement pattern
14. Traditional social activities
(Festivals, Ceremonies,
Food cult.)
15. Knowledge and expectations of visitors
regarding the area

250-500
1250-1500
0-250
1500>
0-10
30-65
No drainage problem
Drainage problem exists
Unavailable or mild
Moderate
Severe
VI, VII, VIII Class
IV. Class
III. Class
I.ve II. Class
0-300
%0-20
%20>

0-1000
1000-5000
5000<
Access to rivers and dams Micro-basins with rivers and
(m)
dams
Micro-basins where
Pabuçdere and Kazandere are
passing through
Micro-basins adjacent to
micro basins with rivers
Other micro-watersheds
Micro watersheds where the main road passing through
Micro-basins adjacent to the main roads
Other micro-watersheds
Micro-watersheds containing settlements within itself
Micro-basins adjacent to the micro-watersheds where
there is settlement
Other micro-watersheds
Micro-watersheds with infrastructure facilities

Availability
Availability
Availability
Positive
Availability

SCORE
4
2
1
4
2
1
4
4
4
1
4
2
1
4
3
2
1
4
4
3
4
4
4
4
3
2
4

3
2
1
4
3
2
4
3
2
4

4
4
4
4
4
4

Availability
Positive

4

criteria, however, the works of [14] and [15] were
used. Moreover, the data obtained from the fast rural
assessment (conducted with a group of 65 persons
FRPLQJ IURP WKH 'LVWULFW *RYHUQRU¶V 2IILFH ORFDO
DGPLQLVWUDWLRQV KHDGPDQ¶V RIILFH representing the
local population, public institutions and University),
visitors surveys (120 persons) and field observations
were also used in the assessment and rating of the
relevant criteria [30], [31], [32], [33], [34], [35], [36]
). As a result of the analyses and assessments thus
performed, a synthesis map was created for the areas
of study, and the total scores of each micro basin

RESEARCH FINDINGS
Ecological-cultural analysis.
During
the ecological-cultural analysis, the following
sources were used for the following purposes: [10],
[11], [12], [25], [26] for the assessment of the climate
factor; the 2004 Soil maps of the Ministry of Food,
Agriculture and Livestock for the assessment of the
soil availability; [27], [13] for the assessment of the
natural vegetation; [28], [29] for the assessment of
the presence of wild animals; [5], [6], [7], [8] for the
assessment of the accessibility. In assessing other
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footpaths. Planning of the routes was based on
 PDLQ WKHPHV QDPHO\ ³QDWXUH RULHQWHG KLVWRU\culture oriented, product oriented and local life
oriented", in line with the values that each micro
basin had. And then each thematic route was further
divided into 11 sub thematic routes in various
different concepts based on the characteristic that the
area in question represented. Those sub thematic
routes were named as follows: Blue Trail, Natural
Life Trail, Nature, Water and Culture Trail, Coastal
Trail, Green Trail, Ecological Life Trail, Traditional
Life Trail, Adventure Trail, Historical Wine Trail,
Rural Life Trail and Cultural Life Trail (Figure 3).
Figure 3 shows the micro basins with high
ecotourism potential along with their alternative
tourism routes. Each route was connected to a rural
settlement, and the transits and connections between
such routes were also provided. This way, it was
ensured that a strong alternative ecotourism route
came into being by integrating the ecotourism values
with each other in the form of a tourism
corridor/route. Moreover, detailed information
regarding each designated route were also provided
(Table 3).

were identified in terms of their suitability for
ecotourism based on 24 criteria. As a result of the
evaluation of the micro basins in terms of their
suitability for ecotourism on a scale of 4 for the said
24 criteria, the scores were found to vary between 59
and 91. After that, based on the scores yielded by
the scale of 4, the difference between the highest and
lowest scores was divided into 4 equal parts and
listed in accordance with their respective value
ranges [37], [38]. And thus, based on such value
ranges, the ecotourism potential of the entire area
was established.
Synthesis. In this study, a SWOT Analysis was
conducted for establishing the potential, problem
areas and restrictions of the subject matter by taking
into consideration the present living conditions, the
data collected based on available literature
information and field observation, and the rapid rural
assessment. Based on the SWOT Analysis, the
strengths, weaknesses, opportunities and threats of
WKH DUHD¶V HFRWRXULVP SRWHQWLDO ZHUH LGHQWLILHG
7DEOH $FFRUGLQJWRWKH6ZRWDQDO\VLV.Õ\ÕN|\
-being under the influence of a major Turkish
metropolis that is Istanbul- has distinct landscape
values in terms of its forest characteristics (mostly
dominated by the varieties of oak, and has the only
black pines found in the Thrace Region), streams
(Pabuçdere and Kazandere), coastal, natural
vegetation and flora diversity, caves, traditional
architectural texture ±which bears the traces of
various civilizations (such as the monumental and
civil architectural examples dating back from the
Byzantine, Ottoman and early Republican periods)-,
folkloric values (Bosnian culture, gastronomical
values, socio-economic structure etc.).
Considering the distinct natural and cultural
values that the micro basins have with respect to the
creation of alternative routes and by taking into
consideration the degree of ecotourism potential of
the relevant micro basin, we have recommended a
number of different conceptual and thematic
footpaths with the aim of maximizing the interaction
between the micro basins with low ecotourism
potential and the micro basins with high ecotourism
potential. Consideration was given to the highways,
provincial, county and village roads of the region as
well as the inter-forest roads, creeks, contour lines
and slope levels that are not shown in the maps, and
the prevalence of such criteria as the water diversity
(sea, creeks, rivers, dams), cultures of migration and
population exchange, the role and traces of being a
historical transit route, traditional settlement
elements (traditional civil architectural structures,
local flavors, folkloric values), natural vegetation,
presence of medicinal-aromatic plants, forest
texture, caves, natural and cultural views were taken
as the basis in determining and mapping the thematic

FIGURE 3
Ecotourism routes and ecotourism potential map
of Papuçdere and Kazandere watersheds in
.Õ\ÕN|\
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TABLE 2
Strengths, weaknesses, opportunities and threats of the region of Pabuçdere and Kazandere Catchment
Basins for community-based ecotourism development
Strength
Weaknesses
Opportunities
Threats
x Using tourism as a
x The presence of
x The landscape
x Tendency of young
tool for rural
quarries in the
integrity maintained
population leaving the
development approach
region.
its natural beauty and region
Ecotourism is one of the
natural landscape
x The lack of
x The scarcity of
fastest growing forms of
values, being black
coordination
agricultural land.
tourism according to a
VHD¶VFRDVWDQGLWV
experienced in
x The construction of a
research by the United
beaches.
planning,
dam for river Pabuçdere
Nation Information
management,
x Having different
and Kazandere
Centre
organization and
protection statues for
x The low number of
x Recommendation of
application.
certain part of the
organizations such as
the area as ecotourism
area such as natural
x The problems
unions and cooperatives
city in the Turkey
protected sites, urban
that may occur as a
that are required for
protected sites and
result of probability
converting local products to Tourism Strategy (2023)
action plan
archaeological sites.
of exceeding
economical values.
x The presence of
x The lack of grasslands. x Taking place of Vize physical, ecological,
district in Cittaslow
economical carrying
historic traces.
x Gradual decline of
network
capacity
(Historical wine
animal breeding
route, Sultans route)
x
Cultural,
historical,
x Competing with
x Very weak marketing
natural
richness,
visual
nature
tourismx The presence of
network
quality and calmness of
ecotourism areas
natural vegetation that x Unsustainable
rural settlements.
established on other
have rich and
approach for collecting
settlements.
different variety, the
x The historical path
mushrooms.
presence of medicinal x Lack of training and
traces of different
x The problems
and aromatic plants
civilizations.
caused by illegal
awareness for tourism of
(linden, sage, thyme)
and ignorant actions.
x Strategic importance
local community
x Taking place on
Lack of touristic image due of the connection
major bird migration
between Asia-Europe and
to inadequate promotional
routes
North-South
advertising.
x Its caves
x Gradual decrease in the x Elements of
.Õ\ÕN|\.RYDQWDúÕ number of people who are
traditional life.
Yenesu, etc.)
x The gradual
interested in livelihoods in
x The availability
increasing of local
rural areas. (agricultural,
of different types of
awareness for nature
animal breeding,
businesses such as
protection.
beekeeping, etc.)
fisheries, forestry,
x Taking place of a
x The grazing pressure
tourism, beekeeping
experienced in forest areas. portion of area in the
x Its traditional
FRQWH[WRI<ÕOGÕ]
x The lack of branding
products (mushroom,
Mountains Biosphere
on products.
honey, linden,
project.
Bosnian pastry,
buffalo yoghurt, etc.)
x Folkloric values
(Bosnian culture,
socio-economic
structure.)
x Taking place
within the buffer zone
of very important
DUHDVVXFKDVø÷QHDGD
Longoz Forest
Natural Park,
Kasatura Bay Nature
3UHVHUYH<ÕOGÕ]
Mountains
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TABLE 3
Information related to suggested ecotourism routes in research area
No

Ecotourism Added Values:

1.

Length
(km)
10,653

Difficulty
level
Easy

+

2.

6,168

Shore, forest roads

Easy

+

3.

8,048

Shore,
forest roads, natural
vegetation, the presence of wildlife

Moderate

4.

6,633

5.

9,535

.Õ\ÕN|\ KDUERXU VKRUH ILVKLQJ Easy
shelters,
rural
settlement,
panoramic exposure points
Culture of traditional life, rural Moderate
settlement, forest roads, natural
vegetation, the presence of wildlife

6.

15,559

Forest roads, natural vegetation,
the presence of wildlife, organic
apiculture

Hard

7.

7,791

Easy

8.

9,909

Migration and exchange cultures,
traditional settlement pattern, trout
farms, Genoa cave, forest roads,
natural vegetation, the presence of
wildlife, Yenesu and Domuzdere
caves, organic agriculture and
apiculture
Migration and exchange cultures,
traditional settlement pattern,
forest roads, natural vegetation,
the presence of wildlife

9.

7,030

Historical wine route trail,
migration and exchange cultures,
traditional settlement pattern,
forest roads, natural vegetation,
the presence of wildlife

Easy

10.

12,952

Hard

11.

7,657

Migration and exchange cultures,
traditional settlement pattern,
forest roads, natural vegetation,
the presence of wildlife, organic
agriculture
and
apiculture,
.RYDQWDúÕDQG%RVWDQOÕNtarla caves
Traditional settlement pattern,
urban
protected
area,
archaeological site, monuments,
traditional
civil
architecture,
forest roads, state hunting, natural
vegetation,
Hagia
Nicola
Monastery

Shore, Papuçdere natural site area,
streams, forest roads

+

+

Moderate

Easy
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Substructure

+

Ecotourism Oriented Potential
Thematic Activities
Sportive fishing, pedalo, canoe
and boat rides, camping, picnic,
nature walks, observation of
plants, photo-safari
Nature walks,
observation of
plants, photo-safari
Observation of traditional pattern,
recognition of traditional life
(Bosnian culture), nature walks,
plant observing, photo-safari
Fishing, walks in forest, scenic
beauty, seascape, observation of
plants, photo-safari
Recognition of traditional life
(Bosnian culture), walks in forest,
picnic,
nature
photography,
observation of natural vegetation
and wildlife, painting
Walks in forest, scenic beauty,
picnic,
nature photography,
medicinal-aromatic
plant
collecting in forest, observation of
natural vegetation and wildlife,
painting, leisure activities, etc.
Recognition of rural lifestyle,
tasting local dishes, observation of
agricultural activities, sportive
fishing, nature walks,
nature
photography

Recognition of rural lifestyle,
tasting local dishes, nature walks,
nature photography, scenic beauty,
observation of natural vegetation
and wildlife, painting, leisure
activities, etc.
Recognition of historic wine route
traces, recognition of rural
lifestyle,
tasting local dishes,
walks in forest, scenic beauty,
nature photography, observation
of natural vegetation and wildlife,
painting, leisure activities, etc.
Recognition of rural lifestyle,
tasting local dishes, walks in
forest, scenic beauty, nature
photography, participation to
agricultural activities, leisure
activities, bird watching, etc.
Recognition of rural lifestyle,
tasting local dishes, walks in
forest, scenic beauty,
nature
photography,
observation of
natural vegetation and wildlife,
painting, leisure activities, etc.
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footpaths in Turkey. In this respect, we have
come up with some area-specific suggestions in
order to develop the designated trails. We believe
that these suggestions can also be taken into
consideration in various other areas of study as well.

RESULTS AND DISCUSSION
This study points out the significance of
creating a strong tourist route and destination for
ecotourism and coming up with sustainable rural
development suggestions for the local settlement
areas that seem to lag behind economically. In this
respect, efforts to create routes between the micro
basins with high ecotourism potential and micro
basins with low ecotourism potential and presenting
the study from an ecological point of view brought
about the necessity of developing a new method
approach for the subject matter. This way, it is
ensured that the improvement of the areas with
different ecotourism potentials also contribute to the
rural development of the local population. Similar
approaches are also observed in the works of [39],
[40], [41], [42].
While the present study aims to improve the
ecotourism capacity of the region, it will also ensure
that the development of the ecotourism in the region
will be maintained in a planned, scheduled and
timely manner, distributed evenly throughout the
year, unlike the growing demand periodically in
terms of recreational activity [43], through the
employment of a landscape planning approach that
links together the regional values including animal
husbandry, forestry, fishery, rural handicrafts,
traditional architectural texture, local cuisine, social
and natural characteristics (such as the sea, lakes,
rivers, topographical structure, natural vegetation
etc.) as a whole. As being one of the most significant
tools in ecologically based spatial planning, the use
of tourism and ecotourism strategies of landscape
planning in planning, scheduling and management
on a domestic, regional and national level will also
constitute one of the most important guarantors of
the sustainable use of the natural resources. Similar
approaches are also noted in the works of [44], [45],
[46].
Identification of the environmental bearing
capacity and planning of the ecotourism routes based
on such capacity will also be influential in
sustainability of the resource use in such works [14],
[47], [48], [49]. However, due to the limitation of
time and economic resources, we have been unable
to study the bearing capacity within the scope of this
study. We believe it will be more prudent to conduct
a study into the environmental bearing capacity once
the suggestions put forward by this study are actually
implemented by the decision makers in the future.

Some suggestions regarding the spatial
planning and rural development. The following
agriculture oriented ecotourism recommendations
have been made for the routes number 7, 8, 9, 10 and
11 that are located in the geographical area of study:
 Development of ecotourism oriented
animal husbandry farms (for Aksicim, Balkaya,
.|PUN|\ +DPLGL\H .ÕúODFÕN DQG .Õ]ÕOD÷Do
villages)
 Development of vegetable and fruit
JURZLQJ IDUPV IRU %DOND\D $NVLFLP .Õ\ÕN|\
.ÕúODFÕN+DPLGL\HDQG.Õ]ÕOD÷DoYLOODJHV
 Development of mushroom growing farms
DQGELRORJLFDODQGKHDOWKIDUPV .Õ\ÕN|\ 
 Development of traditional food production
IDUPV IRU .ÕúODFÕN $NVLFLP %DOND\D .|PUN|\
.Õ]ÕOD÷DoYLOODJHV
 'HYHORSPHQWRIILVKIDUPV IRU.Õ\ÕN|\DQG
Balkaya).
 Moreover, the creation of such activities
LQYROYLQJ DJULFXOWXUDO SURGXFWLRQ LQ .Õ\ÕN|\
%DOND\D $NVLFLP .ÕúODFÕN .Õ]ÕOD÷Do  FXOWXUDODUWLVWLF ZRUNV LQ .Õ\ÕN|\ .ÕúODFÕN  DQG
presentation of regional specialties through such
recommended farms will help develop the
ecotourism potential of the region in a major way.
Similar recommendations were also made for the
Aegean region by [50]. Implementation of such
recommendations and creation of thematic activity
areas will offer an interesting experience for the
visitors. This way, the visitors will be able to observe
the seasonal process of pickling, preserving, paste
making, cheese and yoghurt making in the
agricultural production workshops, and improve
their knowledge and experience regarding such
processes by directly participating in them. With
local culture workshops, however, the visitors will
be able to learn local woodwork handicrafts and local
cuisine, while with the art studio, they will be given
the opportunity to participate in art related activities
including photography and drawing classes whereby
they will be able to convey the panoramic images of
the natural and cultural areas by using the said art
forms.
 The forested areas within the routes of
nature, water, culture, life and green trails offer a rich
floristic compositions and plant diversity.
By
establishing plant watching areas within those
routes, the region will offer a different kind of
experience for both the visitors and researchers.
While the region will constitute a source of study for
researchers, it will provide an interesting experience
for the visitors where they will be able to watch the
plants with various colors, odors and appearances in

In this study, rather than merely suggesting a
point scale ecotourism planning, we have attempted
to create an ecotourism development corridor that
passes through the rural settlements, forest roads,
historical routes, cultural and agricultural
intersections by connecting the natural and cultural
resources with each other through thematic routes,
which is intended to be an alternative to the existing
6146



© by PSP

Volume 25 ± No. 12a/2016, pages 6139-61%=

Fresenius Environmental Bulletin


of this project, the participants of recreational
activities overwhelmingly preferred the traditionally
preserved village houses for accommodation in rural
areas. Moreover, the areas with camping facilities
should also be identified on the routes.
 The trekking routes should be promoted
both online and in printed material in the form of
maps, brochures, CDs, catalogues, banners, posters,
etc. [58], [59].
 Tourist guides who know the region well
and are capable of introducing the ecotourism
corridors and routes to the visitors will also be
required. According to the Rapid Rural Assessment
meeting results, it is established that the locals will
support the suggestions made with respect to tourist
guidance, use of village houses as boarding houses
and applied training in animal husbandry. In this
respect, efforts should be made to train local tourist
guides and integrate them into the ecotourism
management system.
In conclusion, ecotourism planning and
management should be maintained in such a way as
to match the ecological, economic and social
requirements with the potential of the location or the
area of study in a sustainable manner. The most
important tool for achieving this goal is the
landscape plans or landscape planning approaches.
In this respect, and as emphasized by the European
Landscape convention, the integration of spatial
plans with landscape planning approaches in Europe
and Turkey should be made a priority in the mid and
long term plans.
As pointed out by this study,
conducting ecologically based route studies in a
region makes significant contributions to that region
both in terms of rural development and sustainable
use of its natural resources. Moreover, the method
employed can also be used in various different
geographical areas.

all four seasons and get to know the nature more
intimately.
 With the routes including cultural life,
natural life and rural life trails, a different culture
oriented ecotourism experience will be created in
terms of the region's historical and cultural identity
(rural settlements shaped up through migration and
SRSXODWLRQ H[FKDQJH .Õ\ÕN|\ $JKLD 1LNROD
0RQDVWHU\ .Õ\ÕN|\ 5DPSDUW *DWH FDYHV KHULWDJH
and relics of Trachian, Roman, Byzantine and
Ottoman periods, history and product oriented route
trails) and local capabilities (organic beekeeping,
mushroom and fish farms).
 The suggested routes will also serve as
venues for camping, picnicking, watching natural
vegetation and wild life, watching the scenery, bird
watching, engaging in various leisure activities (such
as photography and drawing etc.).
Some suggestions regarding ecotourism
management.
 A network of coordination should be
established among the project stakeholders who are
likely to influence and be influenced by the
ecotourism activities in the basin (such as tourism
operators and local tourism agencies operating in the
region,
district
governors,
municipalities,
universities and NGOs, local population, visitors,
provincial directorates etc.). The importance of the
participants' approaches is also emphasized in
similar studies [51], [52], [53], [54].
 An integration study -covering the
agricultural, natural, cultural, touristic and
educational aspects- should be conducted for the
purpose of evaluating and improving the potentials
of the thematic routes suggested within the scope of
the project. In this respect, various activities should
be planned such as agriculture training programs
(growing, plantation, sowing, maintenance,
technical training tours), nature training programs
(natural life, rural life, plants, animals), product
promotion programs (making of water ox cheese,
preserving jams and marmalades, processing honey,
handicrafts etc.) and culture promotion programs
(traditional architecture, local cuisine, historical
trails, stories etc.).
 In parallel with the aforementioned
suggestions, the products -produced directly by the
local people should be encouraged to be marketed to
the visitors directly by the local people in the
thematic routes through various ways (such as self
collection, roadside vendor outlets, agricultural/rural
handicrafts/gift shops, local bazaars, festivals etc.).
Similar approaches are also emphasized by various
studies in the field [55], [56], [57].
 For long distance trekking activities
involving stopovers, the rural village houses located
in the vicinity of the routes should be encouraged to
serve as boarding houses for guests. This is because,
according to the survey conducted within the scope
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ABSTRACT

INTRODUCTION

0RQLWRULQJ ZDWHU WUDQVSDUHQF\ WUHQGV LV
LPSRUWDQW IRU XQGHUVWDQGLQJ DQG PDQDJLQJ ODNHV
5HPRWH VHQVLQJ EDVHG PHWKRGV DUH ZHOO VXLWHG WR
PRQLWRULQJ WKH WUDQVSDUHQF\ RI ODUJH LQODQG ODNHV
ZLWKVHDVRQDODQGG\QDPLFSDWWHUQVVXFKDV3R\DQJ
/DNH 7KLV SDSHU H[SORUHV WKH SRWHQWLDO RI XVLQJ
LPDJHU\ IURP WKH /DQGVDW (QKDQFHG 7KHPDWLF
0DSSHU (70  VHQVRU WR VWXG\ VSDWLRWHPSRUDO
WUDQVSDUHQF\ YDULDWLRQV LQ VHDVRQDO ODNHV 6HDVRQDO
SLHFHZLVH UHWULHYDO PRGHOV IRU ZDWHU WUDQVSDUHQF\
ZHUH FRQVWUXFWHG XVLQJ ERWK 6HFFKL GLVN GHSWKV
6'' UHFRUGHGLQVLWXDQG/DQGVDW(70LPDJHV
RI 3R\DQJ /DNH LQ GLIIHUHQW SHULRGV :DWHU
WUDQVSDUHQF\ ZDV UHWULHYHG ZLWK SLHFHZLVH
UHJUHVVLRQ PHWKRGV LQ IORRG DYHUDJH DQG GU\
SHULRGV E\ 6'' YDOXHV LQ VLWX DQG %/8(
EDQG (70  5(' EDQG (70  QHDULQIUDUHG
EDQG (70  DQG D FRPELQDWLRQ RI WKHVH EDQGV
7KHVHPHWKRGVFDQFRQVWUXFWWKHRSWLPXPLQYHUVLRQ
PRGHOZLWKZDWHUWUDQVSDUHQF\7KH5('EDQGLVWKH
PRVWVHQVLWLYHEDQG:HREWDLQHGWKHEHVWUHVXOWVDV
ZHOO DV WKH H[SRQHQWLDO UHJUHVVLRQ PRGHO ZLWK WKH
UHIOHFWDQFHYDOXHRI(70PLQXV(70 5 
506(   LQ WKH IORRG SHULRG WKH ORJDULWKP
PRGHO ZLWK WKH UHIOHFWDQFH RI (70 5 
506(   LQ WKH DYHUDJH ZDWHU SHULRG DQG WKH
ORJDULWKP PRGHO ZLWK WKH VXP RI (70 DQG
(70 5 506(  LQWKHGU\SHULRG7KH
SLHFHZLVH PHWKRG FDQ HIILFLHQWO\ LPSURYH WKH
DFFXUDF\ RI WUDQVSDUHQF\ GHWHFWLRQ IRU VHDVRQDO
ODNHVLQDOOSHULRGV7KH5RIHDFKSLHFHZLVHPRGHO
LVKLJKHUWKDQWKHPRGHORIDOOVDPSOHVLQWKHWKUHH
SHULRGV7KHDFFXUDF\RIWKHVHPRGHOVLVZLWKLQ
WKH DYHUDJH UHODWLYH HUURU LV ZLWKLQ  DQG WKH
LQYHUVLRQUHVXOWVDUHLGHDO7KLVVWXG\VXJJHVWVWKDW
ZDWHUWUDQVSDUHQF\LPDJHVGHYHORSHGZLWK/DQGVDW
(70LPDJHU\DQGZDWHUWUDQVSDUHQF\GDWDPD\EH
XVHIXOWRROVIRUZDWHUUHVRXUFHPDQDJHUVFRQFHUQHG
ZLWK6''YDULDWLRQVLQODUJHLQODQGODNHV

,QODQGODNHVDUHYDOXDEOHIUHVKZDWHUUHVRXUFHV
WKDWFDQEHXVHGIRUDQXPEHURIGLIIHUHQWSXUSRVHV
LQFOXGLQJDJULFXOWXUHLQGXVWU\ILVKLQJDQGWRXULVP
>@:DWHUWUDQVSDUHQF\LVDZLGHO\XVHGVLJQLILFDQW
LQGLFDWRU RI ZDWHU TXDOLW\ :DWHU WUDQVSDUHQF\¶V
YDULDWLRQLVFDXVHGE\GLIIHUHQWZDWHUFRQVWLWXHQWVDV
ZHOO DV VXVSHQGHG PDWWHU PLQHUDOV DOJDH DQG
FRORUHGGLVVROYHGRUJDQLFPDWWHU>@7XUELGZDWHUV
FDQ VXSSUHVV SULPDU\ SURGXFWLYLW\ DQG FDXVH IRRG
VXSSO\ OLPLWDWLRQV YHJHWDWLRQ GHDWK DQG GHFUHDVHV
LQWKHQXPEHURIILVKVSHFLHV>@:DWHUWUDQVSDUHQF\
FDQEHXVHGWRGHGXFHWKHGHJUHHRIZDWHUWXUELGLW\
DQGWRHVWLPDWHWKHWURSKLFVWDWHRIODNHV+RZHYHU
LQUHFHQW\HDUVWKHLPSDFWVRIKXPDQSRSXODWLRQDQG
FOLPDWHFKDQJHKDYHFDXVHGJUDGXDOGHJUDGDWLRQRI
ZDWHUTXDOLW\LQPDQ\ODNHVWKURXJKRXWWKHZRUOG
For effective environmental management, it is
important to accurately monitor long-term water
quality in large lakes. Although traditional
monitoring methods are essential, they rely on
volunteers or agencies to patrol the area of interest.
This results in the limitation of monitoring to small
portions of lakes in the area of interest., Using less
in situ data to assess large lakes will likely lead to
biased conclusions. The development of remote
sensing technology, like satellite monitoring, can
greatly reduce ground lake monitoring costs
associated with training, equipment, lab testing, and
field sampling [4]. The use of remote sensing data on
a large scale can result in rapid, dynamic, costeffective lake management. Remote sensing
technology can provide spatially unbiased
information on certain characteristics of lakes across
a broad area and can have considerable potential to
inexpensively
complement
ground-based
monitoring work.
Spectral reflectance correlates well with
several water-quality indexes such as suspended
particulate matter (SPM), chlorophyll-a (Chl-a),
colored GLVVROYHG organic matter (CDOM), and
water transparency [5,6]. Therefore, remote sensing
measurements and contemporaneous ground
observations can be used together for estimating the
spatial variation of water transparency in large lakes.
,QWKH¶VWKH/DQGVDWGDWDEHFDPHIUHHO\
DYDLODEOH WR WKH SXEOLF DQG LQYHVWLJDWRUV EHJDQ WR

.(<:25'6
5HPRWH 6HQVLQJ /DQGVDW (70 6HFFKL GLVN GHSWKV
3R\DQJ/DNH
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IUHTXHQWO\XVHGDSSURDFKKDVLQYROYHGUHJUHVVLRQRI
WKHEOXHDQGUHGRSWLFDOEDQGV RUEDQGFRPELQDWLRQV 
UDWKHU WKDQ LQ VLWX ZDWHU WUDQVSDUHQF\ GHWHFWLRQ
>@
7KH/DQGVDWVDWHOOLWHV/DQGVDWDQG/DQGVDW
 ZHUH ODXQFKHG LQ $SULO  DQG LQ )HEUXDU\
UHVSHFWLYHO\7KHVHVDWHOOLWHVFDQPRQLWRUODQG
LQIRUPDWLRQ ZLWK KLJK WHPSRUDO UHVROXWLRQ DQG
VSHFWUDO UHVROXWLRQ +RZHYHU /DQGVDW  RQO\
SURYLGHV LPDJHU\ VWDUWLQJ LQ  ZKLOH WKH
(QKDQFHG7KHPDWLF0DSSHUSOXV (70 RQERDUG
WKH /DQGVDW  VDWHOOLWH KDV EHHQ DQ HIIHFWLYH GDWD
VRXUFH IRU ZDWHU WUDQVSDUHQF\ IURP  RQZDUG
>@/DQGVDWDQG/DQGVDWXVHWKHVDPHVHYHQ
VSHFWUDO EDQGV7KH VSDWLDO UHVROXWLRQ RI EDQGV 
DQGEDQGLVPDQDGGLWLRQDOSDQFKURPDWLFEDQG
KDVDUHVROXWLRQRIPDQGWKHVSDFHUHVROXWLRQRI
EDQG  LQFUHDVHG IURP P WR P 7KHUHIRUH
FRPELQLQJ GDWD IURP /DQGVDW  DQG /DQGVDW  FDQ
LPSURYH WHPSRUDO DQG VSDFH UHVROXWLRQ IRU
PRQLWRULQJZDWHUWUDQVSDUHQF\
:DWHU WUDQVSDUHQF\ UHWULHYDO PRGHOV DUH
W\SLFDOO\ OLPLWHG WR LPDJHV IRU VSHFLILF DUHDV 7KH
GLIILFXOW\RIUHPRWHVHQVLQJGDWDPRQLWRULQJRIZDWHU
WUDQVSDUHQF\IRULQODQGODNHVOLHVLQWKHLQWHUIHUHQFH
RI SROOXWDQWV LQ ZDWHU FRORU PDWWHU VXFK DV 630
&KOD DQG &'20  3R\DQJ /DNH LV D W\SLFDO
VHDVRQDO ODNH ZLWK D ODUJH ZDWHU OHYHO IOXFWXDWLRQ
7KLV VWXG\ DLPV WR H[SORUH ZDWHU WUDQVSDUHQF\
G\QDPLFV RI D VHDVRQDO ODNH LQYROYHG E\ DSSO\LQJ
VDWHOOLWHLPDJHU\WRUHJLRQDODVVHVVPHQWV7KH6''V
UHFRUGHG LQ VLWX DQG /DQGVDW  (70 LPDJHV RI
3R\DQJ /DNH LQ  DQG  WRJHWKHU FUHDWH D
VHDVRQDOUHWULHYDOPRGHORIZDWHUWUDQVSDUHQF\7KLV
VWXG\ VKRZHG WUDQVSDUHQF\ UHWULHYHG XVLQJ
SLHFHZLVH UHJUHVVLRQ PHWKRGV E\ /DQGVDW (70
'DWD 7KHVH PHWKRGV FDQ HIIHFWLYHO\ UHGXFH WKH
LQIOXHQFH RI YDULRXV FRQGLWLRQV DQG LPSURYH
DSSOLFDELOLW\ DQG DFFXUDF\ RI ZDWHU WUDQVSDUHQF\
GHWHFWLRQLQVHDVRQDODQGG\QDPLFODNHV

XVHWKH/DQGVDWV\VWHPWRDVVHVVLQODQGODNHVXVLQJ
6HFFKLGLVNV>@0RGHUDWHUHVROXWLRQ/DQGVDW
7KHPDWLF 0DSSHU 70  LPDJHU\ P  ZLGHO\
VXSSRUWV ZDWHU WUDQVSDUHQF\ G\QDPLF DQDO\VLV DQG
WURSKLF VWDWH FKDQJH GHWHFWLRQ 6HYHUDO
LQYHVWLJDWLRQV KDYH GHYHORSHG UHOLDEOH HPSLULFDO
UHODWLRQVKLSV EHWZHHQ 70 GDWD DQG ILHOG
REVHUYDWLRQV RI ZDWHU WUDQVSDUHQF\ >@ 7KH
HPSLULFDO DQG VHPLHPSLULFDO PHWKRGV JHQHUDOO\
\LHOG JRRG UHVXOWV IRU ZDWHU WUDQVSDUHQF\ DQDO\VLV
6HYHUDO VWXGLHV KDYH VKRZQ VWURQJ UHODWLRQVKLSV
EHWZHHQUHIOHFWLRQGDWDFROOHFWHGE\VDWHOOLWHLPDJHV
DQGZDWHUWUDQVSDUHQF\YDULDEOHV/DYHU\HWDO  
VKRZHGWKDW70GDWDDFTXLUHGRYHUIRXUGDWHVGXULQJ
WKH VXPPHUV RI  DQG  DQG ILHOG
PHDVXUHPHQWV FROOHFWHG DW WKH WLPH RI WKH VDWHOOLWH
RYHUSDVVHPSLULFDODOJRULWKPVZHUHXVHGWRHVWLPDWH
ZDWHU WUDQVSDUHQF\ ZLWK 6HFFKL 'LVN 'HSWK 6'' 
>@ 3DWWLDUDWFKL HW DO   IRXQG WKDW ORJ
WUDQVIRUPHG6''GDWDKDGVWURQJFRUUHODWLRQVZLWK
70GDWDDQGIROORZHGDQRUPDOGLVWULEXWLRQ.ORLEHU
HW DO   VKRZHG WKDW D WKUHHFRHIILFLHQW
UHJUHVVLRQPRGHOXVLQJWKH7070UDWLRDQG70
ZDV D FRQVLVWHQW DQG UHOLDEOH SUHGLFWRU RI ZDWHU
WUDQVSDUHQF\ 5UDQJHG± >@=KDQJHW
DO   UHVHDUFKHG ZDWHU WUDQVSDUHQF\ WKDW ZDV
PDLQO\ DIIHFWHG E\ VXVSHQGHG VROLGV FRQWHQW DQG
FRPSRVLWLRQLQDODUJHVKDOORZODNH>@7RQJHWDO
 VKRZHGWKDWWKH70DQG70EDQGVRI70
GDWDDQGZDWHUWUDQVSDUHQF\VWXGLHGRQWKH+XDQJX
ULYHU XSVWUHDP ZDWHU KDYH JRRG FRUUHODWLRQV >@
+HOOZHJHU   DSSOLHG 70 GDWD WR ZDWHU
WUDQVSDUHQF\ HVWLPDWLRQ LQ WKH 1HZ <RUN KDUERU
>@ 6ULZRQJVLWDQRQ HW DO   XVHG WKH
7070EDQGFRPELQDWLRQVRIWKH70WRHVWLPDWH
ZDWHU WUDQVSDUHQF\ /LQHDU UHJUHVVLRQ HTXDWLRQV
ZHUHXVHGWRHVWLPDWHWKHZDWHUWUDQVSDUHQF\YDOXHV
GLVWULEXWHG DFURVV DQ HQWLUH ODNH >@ =KDR HW DO
  VXJJHVWHG WKDW WKH ZLGHO\ XVHG PRGHO
6'' D 7070 E 70 FZDVVXLWDEOHIRU
HVWLPDWLQJZDWHUWUDQVSDUHQF\LQ7DLKX/DNH>@$

),*85(
3R\DQJ/DNHORFDWLRQDQGURXWLQHVDPSOLQJVWDWLRQVLQ
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HUURUV GXH WR WKH /DQGVDW  VDWHOOLWH PDFKLQH
PDOIXQFWLRQLQJDIWHU0D\)RUWXQDWHO\WKH
HDVWHUQ SDUW RI 3R\DQJ ODNH ZKLFK ZDV FORVHU LQ
WRZDUGVWKHPLGGOHRIWKHLPDJHZDVDGHTXDWHDQG
LQIRXULPDJHVEDGOLQHVZHUHFDOFXODWHGDWLQ
WKH DUHD RI WKH 3R\DQJ ODNH ZDWHU:KHQ VDPSOLQJ
SRLQWV DUH RQ WKH EDG OLQHV ZH FKRRVH WKH QHDUHVW
SRLQW WR UDWLRQDOO\ PDNH WKH GDWD DQDO\VLV$OO GDWD
VKRXOGXVHXQLILHGFRRUGLQDWHV7KH870=RQH
SURMHFWLRQW\SHZDVXVHGZKLOH:*6ZDVVHOHFWHG
DV WKH GDWXP 7KHQ WKH UDGLDWLRQ FRUUHFWLRQ LV
FRQGXFWHG/DQGVDW(70LPDJHVFDQEHUHSDLUHG
E\ WKH GLUHFW LQWHUSRODWLRQ ILOOLQJ PHWKRG IRU WKH
HQWLUH3R\DQJODNH
7KH /DQGVDW  (70 LPDJHV ZHUH
JHRPHWULFDOO\FRUUHFWHGXVLQJJURXQGFRQWUROSRLQWV
*&3V ZLWK(5'$6LPDJHSURFHVVLQJVRIWZDUH$
WRSRJUDSKLFPDSZDVXVHGDVDEHQFKPDUN
ILJXUH7KH*36UHFHLYHUDFTXLUHGSRLQWV*&3WR
UHFWLI\ EULGJHV GDPV FURVVURDGV LFRQLF EXLOGLQJV
DQG RWKHU QRWDEOH VWUXFWXUHV 7KH TXDGUDWLF
SRO\QRPLDO DOJRULWKP ZDV DGRSWHG WR REWDLQ WKH
FRUUHFWHG(70GDWD7KHVPDOOHVWQHLJKERUPHWKRG
ZDVXVHGWRUHVDPSOHWKHIXOOLPDJH7KHURRWPHDQ
VTXDUH HUURU 506(  IRU FDOLEUDWLRQ DFFXUDF\ ZDV
FRQWUROOHG WR WKH  SL[HO )/$$6+ D ILUVW
SULQFLSOHVDWPRVSKHULFFRUUHFWLRQPRGHOOLQJWRROIRU
UHWULHYLQJ VSHFWUDO UHIOHFWDQFH IURP K\SHUVSHFWUDO
UDGLDQFH LPDJHV ZDV XVHG LQ WKH SUHVHQW VWXG\
)/$$6+ LV DOVR DSSURSULDWH IRU PXOWLVSHFWUDO
LPDJHU\ 7KH )/$$6+ PRGXOH EDVHG RQ WKH
PRGLILHG 02'75$1 PRGHO ZDV SURYLGHG E\
WKH (19, VRIWZDUH $Q\ RI WKH VWDQGDUG
02'75$1 PRGHO DWPRVSKHUHV DQG DHURVRO W\SHV
PD\EHFKRVHQWRUHSUHVHQWWKHVFHQHDQGDXQLTXH
02'75$1VROXWLRQLVFRPSXWHGIRUHDFKLPDJH,Q
WKLV VWXG\ WKH LQSXW SDUDPHWHUV IRU WKH )/$$6+
PRGXOH ZHUH WKH WURSLFDO DWPRVSKHUH PRGHO WKH
PLGODWLWXGH VXPPHU PRGHO LQLWLDO YLVLELOLW\ RI 
NP DQG DYHUDJH ODWLWXGH RI P +RZHYHU WKH
YLVLELOLW\YDOXHVZHUHGHWHUPLQHGE\WULDODQGHUURU
XQWLODW\SLFDOVSHFWUDOSDWWHUQRISODQWVZDVREWDLQHG
$V D UHVXOW DOO EDQGV ZHUH FRQYHUWHG WR VXUIDFH
UHIOHFWDQFHLQWKLVVWXG\DUHD

MATERIALS AND METHODS
6WXG\ DUHD 3R\DQJ /DNH LV WKH ODUJHVW
IUHVKZDWHUODNHRI&KLQD,WLVORFDWHGLQWKHQRUWKHUQ
SDUWRI-LDQJ[L3URYLQFHRQWKHVRXWKHUQEDQNRIWKH
PLGGOH<DQJW]H5LYHUDWWKHJHRJUDSKLFFRRUGLQDWHV
Ⱦ
Ƚ
Ⱦ
Ƚ
Ⱦ
Ƚ
Ⱦ
Ƚ
RI (    θ1     )LYH
ULYHUV *DQMLDQJ )XKH ;LQJMLDQJ 5DRKH ;LXKH 
FROOHFW LQWR 3R\DQJ /DNH DQG LW GUDLQV LQWR WKH
<DQJW]H 5LYHU WKURXJK D QDUURZ FKDQQHO RQ WKH
QRUWKHUQHGJHRIWKHODNH3R\DQJ/DNHKDVEHFRPH
WKHFHQWHURIWKHDQQXODUZDWHUV\VWHP7KHODNHDUHD
IOXFWXDWHV IURP NP LQ WKH GU\ VHDVRQ WR
DURXQG  NP LQ WKH IORRG VHDVRQ :DWHU
VXVSHQGHG VHGLPHQW IURP ILYH ULYHUV DQG LQWHQVLYH
VDQGGUHGJLQJDFWLYLWLHVRIWKHODNHFDXVHVHGLPHQWV
WR EH UHVXVSHQGHG DQG KDYH LQFUHDVHG VHGLPHQW
FRQFHQWUDWLRQ RI WKH QRUWKHUQ ODNH LQ UHFHQW \HDUV
VLJQLILFDQWO\ UHGXFLQJ ZDWHU WUDQVSDUHQF\ >@
7KHUHIRUH WKH ZDWHU TXDOLW\ RI WKH ODNH DQG WKH
HFRORJLFDOHQYLURQPHQWDUHWKHIRFXVRIRXUUHVHDUFK
'DWD &ROOHFWLRQ )LHOG PHDVXUHPHQWV IRU
VDPSOLQJ ZHUH FDUULHG RXW PRQWKO\ LQ  7KH
FRQYHQWLRQDO VDPSOH SRLQWV ZHUH SULPDULO\
GLVWULEXWHGLQWKHPDLQODNHGLVWULFWDQGWKHHQWUDQFHV
RIWKHILYHULYHUV1LQHWHHQVWDWLRQVZHUHPRQLWRUHG
WKURXJK UHJXODU VDPSOLQJ )LJXUH   $ JOREDO
SRVLWLRQ V\VWHP UHFHLYHU ZDV XVHG WR UHFRUG WKH
ORFDWLRQFRRUGLQDWHDWHDFKVLWH6DPSOHQXPEHUVDQG
6''VZLWKFRQVWUXFWLQJPRGHOVDUHJLYHQLQ7DEOH
7ZRILHOGVWXGLHVZLWKVSHFWUDOPHDVXUHPHQWZHUH
FDUULHGRXWIURPRQ$XJXVW
DQG RQ  )HEUXDU\  7KH UHPRWH VHQVLQJ
UHIOHFWDQFH ZDV UHFRUGHG ZLWK WKH )LHOG6SHF
+DQG+HOG IHDWXUHV VSHFWURPHWHU $6' FRPSDQ\ 
XVLQJWKHDERYHZDWHUVSHFWUDPHDVXUHPHQWPHWKRG
7UDQVSDUHQF\ LV D FRPPRQ PHWULF RI ZDWHU TXDOLW\
XVHG ZLWK 6''  FP GLDPHWHU  LQ ILHOG
PHDVXUHPHQWV$ERXW PO RI VXUIDFH ZDWHU ZDV
FROOHFWHGDWDURXQGFPZDWHUGHSWK
7$%/(
6DPSOHQXPEHUDQG6HFFKL'LVN'HSWKLQ
3R\DQJ/DNH
6WDWLVWLFV
1XPEHU
0LQFP
0D[FP
0HDQFP
6' 6WDQGDUG
'HYLDWLRQ

)ORRG
SHULRG





$YHUDJH
SHULRG





'U\
SHULRG












6''PRGHOGHYHORSPHQW$OWKRXJKSUHYLRXV
LQYHVWLJDWLRQVKDYHGHPRQVWUDWHGUHOLDEOHHPSLULFDO
UHODWLRQVKLSV EHWZHHQ VDWHOOLWH GDWD DQG QHDUO\
FRQWHPSRUDQHRXV JURXQG REVHUYDWLRQV VDWHOOLWH
LPDJHU\KDVQRWEHHQLQFRUSRUDWHGLQWRURXWLQHODNH
PRQLWRULQJ SURJUDPV IRU GLIIHUHQW WLPHV DQG DUHDV
3UHYLRXV VWXGLHV >@ KDYH VXJJHVWHG WKDW EDQG
FRPELQDWLRQV VXFK DV UDWLRV PXOWLSOLFDWLRQV DQG
DYHUDJHV SURYLGHG XVHIXO UHODWLRQVKLSV DOO ZHUH
FDUULHG RXW XVLQJ UHIOHFWDQFH 6'' UHWULHYDOV ZHUH
FRQVWUXFWHGHPSLULFDOO\XVLQJUHJUHVVLRQPRGHOVIRU
DOO SRVVLEOH EDQG FRPELQDWLRQV DQG VHOHFWLQJ
RSWLPXP PRGHOV ZLWK WKH KLJKHVW FRHIILFLHQW RI
GHWHUPLQDWLRQ 5  DQG WKH ORZHVW 506( ,Q WKLV
SDSHU WKH PDWFKXS GDWDVHW ZDV UDQGRPO\ GLYLGHG


/DQGVDW (70  'DWD 3UHSURFHVVLQJ )RXU
FORXGIUHH/DQGVDW(70LPDJHV SDWKURZ
 ZHUHFDSWXUHGGXULQJILHOGZRUNDW3R\DQJ/DNH
RQ$SULO0D\1RYHPEHU
DQG $XJXVW  +RZHYHU /DQGVDW  (70 
UHPRWH VHQVLQJ LPDJHV JHQHUDWHG  VFDQ OLQH
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H[SRQHQWLDO PRGHO RI (70
5 
506(   LQ WKUHH SHULRGV +RZHYHU EHFDXVH
3R\DQJ /DNHLVDIUHVKDQGVHDVRQDOODNHLWYDULHV
TXLFNO\LQZDWHU6''YDOXHVDWGLIIHUHQWVHDVRQVRU
ZDWHUOHYHOV7KHUHIRUHLWLVQHFHVVDU\WRVROYHDQG
UHGXFH WKH HIIHFWV RI WKH HQYLURQPHQWDO IDFWRUV7R
DFFRPSOLVK WKLV WKLV VWXG\ SURSRVHV WKH XVH RI
SLHFHZLVHPHWKRGV
'XULQJ WKH IORRG SHULRG ZDWHU WUDQVSDUHQF\
ZDVVDPSOHGRQWR$XJXVWZLWKWUDQVLWLQJ
(70VDWHOOLWHRQ$XJXVW7KHUHIOHFWDQFH
RIWKHVLQJOH(70DQG6''YDOXHVKDYHWKHODUJHVW
FRUUHODWLRQ$FFRUGLQJWRWKH(70GDWDUHJUHVVLRQ
PRGHO WKH FRUUHODWLRQ ZDV YHU\ VWURQJ ZLWK ORZ
506( YDOXHV 7KH H[SRQHQWLDO UHJUHVVLRQ PRGHO
ZLWKDUHIOHFWDQFHYDOXHRI(70PLQXV(70DQG
6''LVWKHEHVW 5 506(  'XULQJWKH
DYHUDJHZDWHUSHULRGZHVDPSOHG3R\DQJ/DNHZLWK
WUDQVLWLQJ(70UHPRWHVHQVLQJGDWDRQ$SULO
  0D\   $SULO  DQG  0D\
$FFRUGLQJWRVLQJOHEDQG3HDUVRQFRUUHODWLRQ
DQDO\VLVWKHUHIOHFWDQFHRI(70DQG6''KDYHWKH
KLJKHVW FRUUHODWLRQ FRHIILFLHQW
5 
506(   7KH ORJDULWKP PRGHO LV WKH EHVW
UHJUHVVLRQ PRGHO 'XULQJ WKH GU\ SHULRG LQ VLWX
ZDWHU WUDQVSDUHQF\ ZDV FDUULHG RXW RQ 
1RYHPEHUDQGZLWKWUDQVLWLQJ(70VDWHOOLWH
RQ1RYHPEHU7KHVXPRI(70DQG(70
ZLWKWKHORJDULWKPRIWKH6''PRGHOSHUIRUPVEHVW
GXULQJWKHGU\SHULRG
7DEOHDQG)LJXUHJLYHVWKHHTXDWLRQVIRUWKH
IRUP RI WKH EHVW UHJUHVVLRQ HTXDWLRQV UHODWLQJ
/DQGVDW  (70 GDWD WR ZDWHU WUDQVSDUHQF\
7KHUHIRUH WKH SLHFHZLVH PHWKRG FRXOG HIILFLHQWO\
LPSURYHWKHDFFXUDF\RIPRQLWRULQJVHDVRQDOODNHV

LQWRWZRJURXSV2QHJURXS SRLQWV ZDVXVHGIRU
FDOLEUDWLRQ ZKLOH WKH RWKHU JURXS  SRLQWV  ZDV
XVHG IRU YDOLGDWLRQ )LYH ILWWLQJ DOJRULWKPV ZHUH
HPSOR\HG ZKLFK KDV SURYHQ WR EH VXFFHVVIXO LQ
UHJUHVVLRQHTXDWLRQVXVHGWRHVWLPDWH6''>@
7KH IRUPXOD RI WKH OLQH PRGHO LV GHQRWHG DV < 
D;E WKH IRUPXOD RI WKH ORJDULWKPLF PRGHO LV
GHQRWHG DV < DORJ ; E ZLWK JRRGQHVV RI ILW IRU
6'' PRGHOV 7KH IRUPXOD RI WZR SRO\QRPLDO
PRGHOVLVGHQRWHGDV< D;E;F7KHIRUPXODRI
WKHSRZHUPRGHOLVGHQRWHGDV< D;E7KHIRUPXOD
RI WKH H[SRQHQWLDO PRGHO LV GHQRWHG DV < DHE;
ZKHUHDEDQGFDUHWKHFRQVWDQWV;DQG<GHQRWH
WKH YDULDEOH DQG GHSHQGHQW YDULDEOH RI WKH VDPSOH
SORW UHVSHFWLYHO\7KHVH DOJRULWKPV FRPSOLFDWH WKH
FRPSDULVRQRIGLIIHUHQW PRGHVE\ PHDQVRIWKH5
DQG506(



RESULTS
:DWHUVSHFWUDOFKDUDFWHULVWLFVDQDO\VLV7KH
FRUUHODWLRQEHWZHHQ6''DQGVSHFWUDOUHIOHFWDQFHLV
VKRZQ LQ )LJXUH  )LJXUH  VKRZV WKDW WKH
FRUUHODWLRQFRHIILFLHQW 5 LVDQDYHUDJHRIRUOHVV
EHWZHHQ WKH ZDWHU WUDQVSDUHQF\ DQG EOXUD\ DUHD
 QP  RU JUHHQ DUHD  QP  VSHFWUDO
UHIOHFWDQFH7KH5RIWKHJUHHQOLJKWLVKLJKHUWKDQ
WKHEOXHOLJKW7KH5RIWKHUHGOLJKW QP 
LQFUHDVHVZKLOHWKHZDYHOHQJWKULVHVIURPQPWR
QP1HDULQIUDUHG QP FDQEHGLYLGHG
LQWRWZREDQGV7KHKLJKHVWDUHDLVZKHUHWKH5RI
 QP DUH PRUH WKDQ  7KH KLJKHVW 5 LV
DSSHDUVLQWKHQP7KH5RIQP
LV QRW LQ D VWDEOH VWDWH 7KHUHIRUH WKH FRUUHODWLRQ
FRHIILFLHQW LV KLJKHU LQ WKH UHG DQG QHDU LQIUDUHG
EDQG

0RGHO YDOLGDWLRQ :LWK WKH 6''
PHDVXUHPHQWV  VHWV RI VDPSOH GDWD ZHUH
UDQGRPO\ H[WUDFWHG DW GLIIHUHQW SHULRGV WR YDOLGDWH
WKHPRGHO7KHYDOLGDWLRQUHVXOWVRIWKHWKUHHILWWLQJ
PRGHOV DUH VKRZQ LQ )LJXUH  7KHUH ZDV D
VLJQLILFDQWDQGYHU\VWURQJFRUUHODWLRQEHWZHHQWKH
PHDVXUHG DQG HVWLPDWHG 6'' YDOXHV IRU WKH
H[SRQHQWLDOPRGHORI(70(70GXULQJWKHIORRG
SHULRG 5  506(   WKH ORJDULWKPLF
PRGHO RI WKH (70 LQ WKH DYHUDJH ZDWHU SHULRG
5 506(  DQGWKHH[SRQHQWLDOPRGHO
RI (70(70 LQ WKH GU\ SHULRG 5 
506(  DWDVLJQLILFDQFHOHYHORI$WWKDW
WLPH LQ WKH IORRG SHULRG WKH UHODWLYH HUURU LQ HDFK
UHJUHVVLRQ PRGHO LV ZLWKLQ  DQG WKH DYHUDJH
UHODWLYHHUURU $5( LV,QWKHDYHUDJHZDWHU
SHULRGHDFKUHODWLYHHUURURIUHJUHVVLRQHTXDWLRQLV
ZLWKLQDQGWKH$5(LV,QWKHGU\SHULRG
HDFK UHODWLYH HUURU RI UHJUHVVLRQ PRGHO LV ZLWKLQ
 DQG WKH $5( LV  %DVHG RQ WKH
FRPSDULVRQVRI5506(YDOXHVDVZHOODVPRGHO
ELDV HYDOXDWLRQ UHVXOWV 7KHUHIRUH WKLV VWXG\
FRQVLGHUHG WKDW EDQGV   DQG  RI WKH /DQGVDW 
(70LPDJHVZHUHDSSOLHGLQRUGHUWRHVWLPDWH























# ""!


),*85(
7KHFRUUHODWLRQEHWZHHQ6HFFKLGLVNGHSWKV
6'' DQGVSHFWUDOUHIOHFWDQFH


0RGHO FDOLEUDWLRQ :KHQ ILYH ILWWLQJ
DOJRULWKPVZHUHDSSOLHGWKHVLQJOHEDQGDQGEDQGV
FRPELQDWLRQ RI WKH ZDWHU VSHFWUDO UHIOHFWDQFH
FRQVWUXFWHGOLQHDUDQGQRQOLQHDUUHJUHVVLRQPRGHOV
$ WRWDO RI  SRLQWV ZHUH FRQVWUXFWHG WKURXJK DQ
RSWLPXPUHWULHYDOPHWKRGZLWK5DQG506(IRUWKH


Volume 25 ± No. 12a/2016, pages 6151-6158

© by PSP

Fresenius Environmental Bulletin



7$%/(
5HJUHVVLRQPRGHOEHWZHHQ6HFFKL'LVN'HSWK 6'' DQG/DQGVDW(70LQ3R\DQJ/DNH\UHSUHVHQWV
6'' FP YDOXH[UHIHUVWRWKHUHIOHFWDQFHRI(70VLQJOHEDQGRUEDQGFRPELQDWLRQ[LVWKHUHIOHFWDQFH
RI(70PLQXV(70LQWKHIORRGSHULRGWKHUHIOHFWDQFHRI(70LQWKHDYHUDJHZDWHUSHULRGRUWKH
UHIOHFWDQFHRI(70SOXV(70LQWKHGU\SHULRGDDQGEDUHFRHIILFLHQWVIURPWKHWKUHHJRRGQHVVRIILW
UHJUHVVLRQPRGHOV
3HULRGV
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),*85(
6FDWWHURI6HFFKLGLVNGHSWKV 6'' DQGRSWLPXPVLQJOHEDQGRUEDQGVFRPELQDWLRQEDVHGRQ(70
GDWDLQWKUHHSHULRGV[DQG\UHSUHVHQWWKHKRUL]RQWDODQGYHUWLFDOD[HVD WKHUHIOHFWDQFHRI(70
PLQXV(70LQWKHIORRGSHULRGE WKHUHIOHFWDQFHRI(70LQWKHDYHUDJHZDWHUSHULRGF WKH
UHIOHFWDQFHRI(70SOXV(70LQWKHGU\SHULRGG WKHUHIOHFWDQFHRI(70LQDOOWKUHHSHULRGV
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Estimated SSD/cm

),*85(
9DOLGDWLRQVRIWKHRSWLPXPUHJUHVVLRQPRGHOVXVLQJ6HFFKLGLVNGHSWKV 6'' DQG/DQGVDW(70
LPDJHVLQWKUHHSHULRGVD GXULQJWKHIORRGSHULRGE GXULQJDYHUDJHZDWHUSHULRGDQGF GXULQJWKH
GU\SHULRG
6'' YDOXHV DQG REWDLQHG WKH EHVW VWDEOH DQG
DFFHSWDEOH UHVXOWV IRU HVWLPDWLQJ 6'' YDOXHV IURP
/DQGVDW(70LPDJHV

/DQGVDW  (70 GDWD IRU DVVHVVLQJ ZDWHU
WUDQVSDUHQF\ DW 3R\DQJ /DNH 7KH FRHIILFLHQW RI
GHWHUPLQDWLRQZDVGHYHORSHGWRH[DPLQHWKHUHODWLYH
VWUHQJWK RI FRUUHODWLRQ EHWZHHQ 6'' DQG YDULRXV
/DQGVDW (70 VLQJOH EDQGV DQG FRPELQDWLRQV RI
EDQGV 7KLV FRHIILFLHQW FOHDUO\ LQGLFDWHV D ZHDN
FRUUHODWLRQLQWKHPLGGOHWRIDULQIUDUHGUHJLRQV7KXV
EDQGV   DQG  ZHUH QRW XVHG LQ WKH UHWULHYDO
PRGHOV$WRWDORIVDPSOHV XVLQJDFRPELQDWLRQ

DISCUSSION
7KLV VWXG\ SUHVHQWV WKH SRWHQWLDO RI XVLQJ
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FHQWUDODQGQRUWKHUQUHJLRQV7KH6''LQVRXWKHUQ
3R\DQJ /DNH LV PDLQO\ FRQWUROOHG E\ WKH 6'' LQ
ZDWHU IURP *DQMLDQJ )XKH DQG 5DRKH ULYHUV7KH
PHDQ 6'' LQ QRUWKHUQ 3R\DQJ /DNH ZDV KLJKHU
FRPSDUHGZLWKWKDWLQFHQWUDODQGVRXWKHUQUHJLRQV
7KH 6'' LQ VLWX DQG GHULYHG IURP /DQGVDW (70
LPDJHVWRJHWKHUGHPRQVWUDWHGWKDW3R\DQJ/DNHKDV
DVHDVRQDOSDWWHUQRIZDWHUWUDQVSDUHQF\:DWHUZDV
WXUELG LQ WKH GU\ SHULRG IURP 2FWREHU WR )HEUXDU\
IROORZLQJ\HDUVZKHQZDWHUOHYHOVZHUHEHORZDERXW
P :DWHU ZDV FOHDU ZKHQ WKHUH ZDV KLJK OHYHO
IORRGLQJ DERYH DERXW P  2YHUDOO WKH ZDWHU
WUDQVSDUHQF\LQFUHDVHGDVWKHGHSWKLQFUHDVHG
7KH 6'' IOXFWXDWLRQ LV FRPSOH[ DQG DORQJ
ZLWKWKHZDWHUOHYHOLWLVFRQWUROOHGE\QDWXUDOIDFWRUV
OLNH ZLQG SUHFLSLWDWLRQ ELUGV DQG ERWWRP ODQG
FRYHUDJH DQG E\ KXPDQ IDFWRUV VXFK DV GUHGJLQJ
3UHYLRXV VWXGLHV KDYH VKRZQ WKDW WKH ZDWHU
WUDQVSDUHQF\RI3R\DQJ/DNHLVSULPDULO\FRQWUROOHG
E\ 630 FRQFHQWUDWLRQ >@ DQG LWV VHGLPHQW ZDV
FRPSRVHGRIYHU\ILQHVLOWDQGFOD\:KHQWKHODNH
H[WHQGV ZLWK WKH TXLFNO\ LQFUHDVLQJ ZDWHU OHYHO
GXULQJ WKH DYHUDJH ZDWHU SHULRG LWV VKDOORZ IULQJH
PRYHV RXWZDUG IURP WKH EDUH VHGLPHQWV WR WKH
JUDVVODQG EHOW ZKLFK OLPLWV VHGLPHQW UHVXVSHQVLRQ
IURPWKHZDYHGULYHDQGFDQSRVVLEO\DEVRUEZDWHU
PDWWHUDVDUHVXOWWKH6''RIWKHZDWHUORZHUVLQWKH

RIILHOGZRUNDQG/DQGVDWGDWDSRLQWV ZHUHH[WUDFWHG
IURP IRXU VDWHOOLWH LPDJHV 7KH SLHFHZLVH PHWKRG
SURYLGHG D VWURQJ SUHGLFWLYH UHODWLRQVKLS IRU WKH
VHDVRQDOODNHDQGZDVLQDJUHHPHQWZLWKWKHUHVXOWV
RIRWKHUVWXGLHVLQFOXGLQJ&R[HWDO  .ORLEHU
HW DO   .QLJKW DQG 9RWK   DQG %XWW DQG
1D]HHU  >@ 7KH UREXVWQHVV RI WKH
VLQJOHEDQGDQGFRPELQDWLRQRIEDQGVZHUHDVVHVVHG
IRU UHOLDELOLW\ E\ YDOLGDWLQJ JURXSV RI GDWD 7KH
506( DQG 5 ZHUH FRPSXWHG DQG WKH UHVXOWV DUH
VKRZQLQ)LJXUH7KH506(YDOXHVUDQJHIURP
WRZKLOHLQGLIIHUHQWSHULRGVWKH5UDQJHVIURP
 WR  7KHVH UHVXOWV VXJJHVW WKDW WKH
UREXVWQHVV RI WKH DOJRULWKP DOORZV WKH SLHFHZLVH
PHWKRGWRVXFFHVVIXOO\EHDSSOLHGWRLPDJHVZLWKRXW
ILHOGGDWDIRUWKH3R\DQJ/DNH
)RUH[DPSOH)LJXUHVKRZVWKDWLQWKH6''
PDSV GHULYHG IURP /DQGVDW  (70 LPDJHV IRU
3R\DQJ/DNHDWGLIIHUHQWSHULRGVWKHZDWHUOHYHODW
;LQJ=L K\GURORJ\ VWDWLRQ JUDGXDOO\ LQFUHDVHV IURP
P WR P 7KH PHDQ 6'' RI WKH DUHD LV
FPZKHQWKHPHDQZDWHUOHYHOLVPDQGWKH
PHDQ 6'' RI WKH DUHD LV FP ZKHQ WKH PHDQ
ZDWHUOHYHOLVP7KLVPHDQVWKDWWKH 6''LV
PDLQO\UHJXODWHGE\WKHVHDVRQDOYDULDWLRQRIZDWHU
OHYHO LQ 3R\DQJ /DNH 7KH PHDQ 6'' LQ VRXWKHUQ
3R\DQJ/DNHZDVKLJKHUFRPSDUHGZLWKWKDWLQWKH

),*85(
7KH6HFFKLGLVNGHSWKV 6'' PDSVGHULYHGIURP/DQGVDW(70LPDJHVIRU3R\DQJ/DNHLQGLIIHUHQW
SHULRGV:/LVZDWHUOHYHODWWKH;LQ=KLK\GURORJ\VWDWLRQD LQWKHIORRGSHULRG OHIWFROXPQ E LQ
DYHUDJHZDWHUSHULRG PLGGOHFROXPQ DQGF LQWKHGU\SHULRG ULJKWFROXPQ 
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RIDOOVDPSOHVLQWKUHHSHULRGV
7KHHUURUVRIWKHUHJUHVVLRQLQYHUVLRQPRGHOV
DUH ZLWKLQ  ZLWK /DQGVDW (70 GDWD WKH
DYHUDJH UHODWLYH HUURU LV ZLWKLQ  DQG WKH
LQYHUVLRQUHVXOWVDUHLGHDO

JODVVGLVWULFW7KHUHIRUHZHVXJJHVWWKDWYHJHWDWLRQ
EHXVHGWRUHGXFHWKHUHVXVSHQGLQJHIIHFWRIZDYHV
DQG WR DEVRUE PDWWHU ZKLFK ZLOO OHDG WR WKH 6''
YDOXH VZLWFKLQJ IURP ORZ WR KLJK )XUWKHU
H[SORUDWLRQ VKRXOG EH FRQGXFWHG RI WKH UROH RI
YHJHWDWLRQ LQ LQFUHDVLQJ WKH 6'' YDOXH LQ ZDWHU
DUHDV ZLWK YHJHWDWLRQ ERWWRPV ,Q WKH VKDOORZ ODNH
DUHDZLQGLVRQHRIWKHPDLQIDFWRUVLQGHFUHDVLQJ
ZDWHU WUDQVSDUHQF\ DQG LQ WKH ZLQWHU WHQV RI
WKRXVDQGVRIELUGVPD\DFWLYHO\UHGXFHWKHDELOLW\RI
WKHVHGLPHQWWRUHVLVWDJDLQVWWKHVKHHUVWUHVVRIWKH
ZDYHVRIWKHODNH>@
:DWHU EDFNIORZ IURP WKH <DQJW]H 5LYHU WR
3R\DQJ/DNHRFFXUVIUHTXHQWO\ZKHQWKHZDWHUOHYHO
RIWKH PLGGOH<DQJW]H LVKLJKHUWKHWKDWRI3R\DQJ
/DNHEHFDXVHRIWKHGLIIHUHQWWDSSLQJZDWHUOHYHOVRI
WKH WZR ERGLHV RI ZDWHU$IWHU FRQVWUXFWLRQ RI WKH
7KUHH *RUJHV GDP WKH ZDWHU LQ WKH<DQJW]H 5LYHU
ZDVFOHDUHUWKDQWKHWDSSLQJFKDQQHORI3R\DQJ/DNH
>@7KLVZRXOGFDXVHZDWHUWRIORZIURPFOHDU
ULYHUZDWHUWRWXUELGODNHZDWHUUHVXOWLQJLQDKLJKHU
6''RIWKHQRUWKHUQODNH
+RZHYHU KXPDQ DFWLYLWLHV VXFK DV GUHGJLQJ
LQFUHDVHWKHVXVSHQGHGSDUWLFXODWHPDWWHULQQRUWKHUQ
3R\DQJ/DNHZKHUHWKH6''YDOXHVDUHWKHORZHVW
RIWKHZKROHODNH7RLPSURYHWKHZDWHUTXDOLW\DQG
SURWHFW WKH ODNH¶V HFRV\VWHP ZH VXJJHVW WKDW WKH
PDQDJHUPXVWOLPLWWKHDUHDRIGUHGJLQJDQGUHGXFH
WKHLQWHQVLW\RIGUHGJLQJ
)XWXUH ZRUNV VKRXOG DGGUHVV ZK\ ZDWHU
WUDQVSDUHQF\YDULHVLQGLIIHUHQWSHULRGVIRU3R\DQJ
/DNHDQGZKDWIDFWRUVDIIHFWZDWHUWUDQVSDUHQF\
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economy, production, food and nourishment in the
world [1, 2]. Bread wheat is cultivated in 6.59
million hectares in Turkey, but mostly is grown
(77.1%) in the rain-fed condition [3]. Wheat is the
most important crop in Turkey, but high temperature
and water stress (drought) reduce the yield and
quality. So, the importance of drought and heat stress
constraints on grain yield and quality was increased
in Turkey.
Quality traits of wheat are usually influenced
by genotypes, environmental factors and their
interactions. Adverse environmental conditions
during the anthesis and grain filling period have been
identified as a major constraint to wheat quality
worldwide [4]. The grain filling stage may have an
even greater effect on wheat and causing shortening
in grain filling under stress conditions [5],
accelerated cell death, and an earlier attainment of
the harvest maturity [6], which may result in
substantial changes in the protein composition of the
grains and in the size distribution of starch granules.
Drought and increased temperature caused
shortened the grain filling period and reducing grain
yield, grain weight and specific weight [7]. The
protein composition, which is the most decisive
factor in bread making quality, is greatly influenced
by various types of stress. The combination of high
temperature and water deficit is quite common in dry
and semi-dry regions across the world and claims
extensive agricultural losses [8, 9].As high
temperature over 30°C reduced starch accumulation
and grain growth due to induced denaturation of key
enzymes involved in starch accumulation in wheat
[10, 11]. A reduction in the duration of the filling
period due to high temperature stress demonstrated a
shortened duration of glutenin synthesis, which in
turn reduced dough strength [12].
Wheat genotypes development with good bread
making quality is a challenging objective for many
improving programs in wheat [13, 14]. Recently,
durum wheat grain quality improvement has become
one of the main breeding objectives in several

ABSTRACT
The current study aimed at assessing grain
quality traits under stress environments and to
determine the superior wheat varieties with high
quality traits and tolerant/sensitive to harsh
environment. Sixteen spring wheat genotypes were
grown under two temperature levels (cool and warm)
and two regimes (rain-fed and irrigated) in the
experimental area of Dicle University, Turkey. The
analysis of variance showed that genotypes and
environment were found to significantly influence
all quality parameters as major effects. Rain-fed
environment (water stress) caused a significant
reduction in grain quality traits except grain protein
and dry gluten contents. Warm environment (heat
stress) caused significant reductions in grain weight,
grain starch content, test weight, gluten index and
grain flour content. Hence, delayed sowing
associated with high temperature resulted in overall
increase in protein content, dry gluten content and
Zeleny test. In respect to genotypes, significant
differences in quality parameters were found and
performance of Inqilab-91, Cham-6, Adana-99 and
Meta-2002 were better in respect of most traits under
different conditions. It is also opined that Inqilab-91,
Cham-6, Adana-99 and Meta-2002 are healthier and
better responsive genotypes in respect of grain
quality under adverse environment (water stress and
heat stress).

KEYWORDS:
Environmental stress, gluten index, grain protein, grain
weight, Triticum aestivum L

INTRODUCTION
Wheat (Triticum aestivum L.) is one of the
most widely grown crops all over the world.
Moreover, wheat plays an important role in terms of
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environment) and late sowing (warm
environment) and sub plots were irrigation
conditions (rain-fed and irrigation) finally sub-sub
plot put as a genotypes. The sixteen spring bread
wheat genotypes consist of commercial cultivars
were used as material (Table 1).
According to standard practice, seeding rate
was adjusted for a density of 450 seeds m-2. Plot size
was 8.4 m2 (six rows, 20 cm apart). Phosphorus
fertilizer was applied before sowing in the form of
triple super phosphate (40 kg ha-1 P2O5).Nitrogen
fertilizer was applied as ammonium nitrate in three
split GRVHV NJ1KDí DW=DGRN¶V>@
growth stages (ZGS) 00, 20 and 30, respectively.
Experiments were established as a first and second
sowing time at December and April, respectively.
While the first sowing time represented the
conventional sowing date, the second sowing time
with growing period was rather drought and high
temperature than the previous sowing time. Mean
temperature (°C) in the environment during the
growing period were given in(Table2).

Mediterranean countries, due to the increase in
market demand for good quality durum. Several
studies have been conducted on bread wheat to
assess the effects of genotype, environment and their
interaction [15].With keeping the above points in
view, grain quality of 16 spring bread wheat
genotypes
under
stress
environments
of
Mediterranean field conditions was evaluated to find
out high grain quality traits.

MATERIALS AND METHODS
Plant material and growing conditions. The
field trials were conducted in the research area of the
Dicle University (37°53'N, 40°16'E), Turky during
the 2011/2012 growing season. The methodologies
have been followed as described previously by
Barutçular et al. [16, 17].The experiment was set up
as a split-split plot design. Sowing times were
allocated in main plots, normal sowing (cool

Sl No
1
2
3
4
5
6
7
8

TABLE 1
Name and origin of studied bread wheat genotypes
Genotype
Origine
Sl No
Genotype
Origine
Adana-99
Turkey
Genç-99
Turkey
9
Balattila
Turkey
Inqilab-91
Pakistan
10
Cemre
Turkey
.DUDFDGD÷-98
Turkey
11
Cham-6
ICARDA, Syria
Mané Nick
Spain
12
Colfiorito
Italy
Meta-2002
Turkey
13
Cumakalesi Turkey
Özkan
Turkey
14
Dariel
Israel
Siete Cerros
ICARDA, Syria
15
Galil
Israel
V-3010
Pakistan
16
TABLE 2
Mean temperature (°C) during the growing period of wheat genotypes
Cool environment
Warm environment

Period
Sowing to anthesis
Anthesis to PM
Sowing to PM

Average
temp. (°C)
7.2
21.9
9.1

Maximum temp.
(°C)
12.6
29.3
14.8

Average
temp. (°C)
19.4
28.9
21.5

Maximum temp.
(°C)
26.5
36.3
28.7

PM; physiological maturity

TABLE 3
Amount of water application (mm) during the growing period of wheat genotypes
Cool environment
Warm environment
Period
Rainfed
Irrigated
Rainfed
Irrigated
(mm)
(mm)
(mm)
(mm)
225.8
284.8
81.6
260.6
Sowing to anthesis
9.4
112.4
0.6
88.6
Anthesis to PM
235.2
397.2
82.2
349.2
Sowing to PM
PM; physiological maturity
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TABLE 4
Analysis of variance of 16 bread wheat genotypes (G) evaluated under two sowing dates (temperature-T)
and two irrigation regimes (I)
Source
DF GW
GPC
GSC
TW
ZT
DG
GI
GFC
3
32.5
3.58
1.43
35.3
3.08
1.06
332
5.27
Block
Temperature
1
7531**
1957** 1342** 4948** 376**
1264** 3148** 785**
regime (T)
3
78.3
7.2
4.3
52.6
4.5
0.9
2.7
7.5
Error
1
7725**
550**
609**
3160** 22.7
113**
34.3
1387**
Irrigation (I)
1
216**
240**
222**
856**
2071** 89**
9210** 139**
TxI
6
12.35
9.082
8.749
11.55
10.61
3.95
212.55 7.99
Error
15
60.1**
2.57** 5.22**
25.6** 260.8** 6.86**
1236** 63.9**
Genotype (G)
15
29.8**
1.25*
4.02**
14.3** 56.7**
2.75**
321**
32.4**
TxG
15
12.59**
1.09*
4.303** 9.49** 19.2**
3.04**
448**
61**
IxG
15
4.03
1.128* 2.95**
8.07*
20.6**
4.16**
170*
37.7**
TxIxG
180 4.68
0.595
0.607
4.25
4.6
0.685
98.38
9.03
Error
7.25
4.63
1.25
2.58
6.69
6.11
11.55
6.36
CV (%)
Note: * and ** are significant at 0.05 and 0.01 probability levels, respectively; ns: non-significant, DF: degree of freedom, GW: grain weight, GPC: grain
protein content, GSC: grain starch content, TW: test weight, ZT: Zeleny test, DG: dry gluten, GI: gluten index, GFC: grain flour content.

maturity stage before complete filling [21]. Drought
stress and high temperature occur most frequently
after heading, during the grain filling period, causing
stress that influences the quality of the wheat kernels
[22].

The factor of irrigation was determined as rainfed and irrigated conditions. Rain-fed conditions did
not take supplementary irrigation, except for
emergence. Irrigated conditions were adjusted to
keep plants to field capacity. Amount of water (mm)
in the environment during the growing period were
presented in (Table 3).
Sampling and determination of grain quality
traits. Many technological quality traits were
measured. Grain quality related parameters
including grain weight, grain protein content, grain
starch content, grain weight, test weight, dry gluten
content, and Zeleny sedimentation volume were
evaluated for each plot and
were measured
according to AACC [19].
Statistical analysis. The obtained data were
subjected to analysis of variance as described by
Gomez and Gomez [20]. The data were statistically
analyzed by using MSTAT-C package program. The
Least Significant Differences (LSD) test was used to
compare the treatments at 0.05 levels.

Grain weight. Grain weight of wheat is
important due to its relationships with milling
quality. The grain weight was influenced
significantly under heat stress with compare cool
environment and it reduced 30.9% (Table 5). The
results of this study showed that water stress caused
significant reductions (-45.3%) in grain weight and
the highest grain weight was observed under control
conditions (Table 5). Different genotypes had
significant influence of grain weight and the highest
values were obtained from Inqilab-91 followed by
Cham-6 while the genotype Dariel was produced the
lowest in grain weight. Previous reports showed that
environmental conditions had a significant impact on
the grain of various wheat genotypes [23, 24, 14].
Water deficit and elevated temperatures above
average during grain filling reported to reduce the
grain weight for winter wheat [25]. Heat stress
reduced grain growth and starch accumulation [26].
Water stress during grain growth stage caused
reduction of grain weight in maize [27].

RESULTS AND DISCUSSION
Analysis of variance showed significant
differences for all quality traits. Furthermore,
genotype and environment contributed for the
variation of all quality parameters (Table 4).
Statistically significant differences were found
between genotype and stress interactions and were
indicated significant differences among wheat
genotypes to various environmental conditions.
Mean squares due sowing dates, irrigation regimes
and genotypes were significant for all studied traits.
Peterson et al. [15] reported that environmental
effects were larger than genetic effect for all quality
parameters. The variation of some quality traits was
changed delaying on sowing date. It could be
attributed to grain filling process that is harmfully
affected by high temperatures and grains reaching to

Grain protein content. The grain protein is an
important parameter analyzed to evaluate quality
attributes of wheat varieties. Protein content is
significantly influenced by environmental conditions
such as temperature and water stress conditions [28].
In this study, it was observed that the lowest values
(13.9%) for grain protein content was obtained under
cool condition while warm condition gave the
highest values (19.4%) (Table 5). In respect to water
regime, grain protein content was significantly
influenced and the highest values (18.1%) was
recorded for rain-fed while, the minimum grain
protein content (15.2%) was obtained from favorable
6161

© by PSP

Volume 25 ± No. 12a/2016, pages 6159-6165

Fresenius Environmental Bulletin


the producers as well as flour technologists,
irrigation (Table 6). Statistically significant
millers and bakers [29]. Previous study also pointed
differences were found among genotypes for grain
protein content. Moreover, Adana-99 and Cham-6
out that the protein content of wheat was mainly
dependent upon genotype [30]. Variation in GPC in
followed by Inqilab-91 gave the best value of grain
the current study may be due to variation in
protein in the favorable means (17%, 16.8% and
environmental conditions such as heat and drought
16.5%, respectively) (Table 7). The wheat grain
[31]. Delaying of sowing date increased GPC [21].
protein content is affected by some factors such as
variety, location, crop year, temperature, rainfall,
soil fertility etc. These are most important points for
TABLE 5
Mean performance of studied traits for 16 bread wheat genotypes under two sowing dates (temperature)
GW
GPC
GSC
TW
ZT
DG
GI
GFC
Temperature
(mg)
(%)
(%)
(kg/hl)
(ml)
(%)
(%)
(%)
35.3
13.9
64.5
84.2
30.8
11.3
89.4
49
Cool
24.4
19.4
60
75.5
33.3
15.8
82.4
45.5
Warm
-30.9
39.6
-7
-10.3
8.1
39.8
-7.8
-7.1
Heat effect (%)
**
**
**
**
**
**
**
**
P levels
Note: ** is significant at 0 0.01 probability level, GW: grain weight, GPC: grain protein content, GSC: grain starch content, TW: test weight, ZT: Zeleny test, DG:
dry gluten, GI: gluten index, GFC: grain flour content

TABLE 6
Mean performance of studied traits for 16 bread wheat genotypes under two irrigation regimes
GW
GPC
GSC
TW
ZT
DG
GI
GFC
Water regime
(mg)
(%)
(%)
(kg/hl)
(ml)
(%)
(%)
(%)
Rainfed
Irrigated
Drought effect (%)
P levels

24.3
35.3
-45.3
**

18.1
15.2
16
**

60.7
63.8
-5.1
**

76.3
83.4
-9.3
**

32.3
31.7
1.9
ns

14.2
12.9
9.2
**

86.3
85.5
0.9
ns

44.9
49.5
-10.2
**

Note: ** is significant at 0.01 probability level; ns, non-significant. GW: grain weight, GPC: grain protein content, GSC: grain starch content, TW: test weight, ZT:
Zeleny test, DG: dry gluten, GI: gluten index, GFC: grain flour content

TABLE 7
Mean performance of studied traits for 16 bread wheat genotypes combined across temperature
and water regimes
GW
GPC
GSC
TW
ZT
DG
GI
GFC
(mg)
(%)
(%)
(kg/hl)
(ml)
(%)
(%)
(%)
Genotypes
28.6
17.0
61.9
82.5
32.2
13.8
89.4
43.7
Adana-99
29.7
16.0
62.8
78.4
29.5
13.6
83.7
46.8
Balattila
31.0
16.7
62.2
79.5
33.2
14.4
76.3
48.8
Cemre
32.6
16.8
62.2
79.5
28.0
14.9
64.4
48.2
Cham-6
27.6
17.1
61.3
78.1
28.5
13.2
87.2
47.0
Colfiorito
30.4
17.1
61.6
79.2
31.8
12.2
98.2
43.9
Cumakalesi
26.6
16.8
62.7
78.6
31.0
13.0
88.2
45.6
Dariel
29.4
16.3
63.3
81.3
28.0
13.5
91.2
47.0
Galil
31.8
16.6
62.4
81.8
30.9
13.7
81.0
49.8
Genç-99
33.2
16.5
62.5
80.6
31.7
14.2
83.4
49.3
Inqilab-91
29.6
17.2
61.6
80.5
32.5
13.5
92.1
49.1
Karacada÷-98
27.1
16.9
61.3
78.3
44.1
12.9
94.7
48.6
Mané Nick
28.7
16.5
62.5
79.9
29.0
13.9
76.4
49.9
Meta-2002
29.3
16.5
62.8
80.1
36.1
12.8
96.7
45.1
Ozkan
29.8
15.8
62.6
79.7
30.1
13.7
80.9
47.0
Siete Cerros
31.9
16.5
62.2
79.8
35.9
13.5
90.6
45.7
V-3010
29.8
16.6
62.2
79.9
32.0
13.6
85.9
47.2
Mean
LSD0.05
Probability
levels (P)

1.51

0.54

0.54

1.44

1.50

0.58

6.92

2.10

**

**

**

**

**

**

**

**

GW: grain weight, GPC: grain protein content, SC: grain starch content, TW: test weight, ZT: Zeleny test, DG: dry gluten, GI: gluten index, GFC: grain flour
content
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Dry gluten content .The obtained
results showed significant differences in dry gluten
among irrigation regime, growing environment, and
the genotype-environment interaction. The lowest
values for gluten content (11.3%) of wheat
genotypes were obtained in the cool condition and
the highest values (15.8%) were recorded when
grown in warm condition (Table 5). In this study,
gluten content was significantly influenced by water
regime. The highest value (14.2%) was recorded at
rain-fed condition while, the minimum gluten
content (12.9%) was obtained from favorable
irrigation (Table 6). For the genotypes, Cham-6 and
Inqilab-91 followed by Adana-99 showed the
highest (favorable) means (14.2, 4.9 and 13.8,
respectively) (Table 7). Glutenins are major storage
protein of wheat. These are the main component of
gluten, which are primarily responsible for the visco
elasticity on dough and bread making properties
[40]. The yield of DG was closely associated with
the total protein. These results agreed with those
reported previously for other of wheat genotypes
[41]. Genetic improvement for grain hardness and
traits associated with gluten strength could play a
major role in quality improvement although the
environmental effects should not be ignored.

Grain starch content. Starch content is the
major form of carbon reserves and comprises 6075% of the final dry weight of the grain [32]. The
lowest values (60%) for grain starch content was
obtained under warm condition contrary, cool
condition gave the highest values (64.5%) (Table
5).It was observed that water stress caused
significant reductions in grain starch content and the
reduction was 5.1% under water stress conditions
(Table 6). Water stress imposed during the grain
filling period of wheat, especially at the early filling
stage, usually results in a reduction in grain weight
and leads to reduced grain yield [33, 34]. Water
stress caused premature grain desiccation and
resulted in a marked decline in grain sucrose [35]. A
significant variation was found in terms of
genotypes, Inqilab-91and Cham-6 followed by
Adana-99 showed the highest means (62.5%, 62.2%
and 61.9%, respectively (Table 7). Starch deposition
was reduced with the reduction of wheat grain dry
weight [36]. Heat stress reduced grain growth and
starch accumulation of wheat [26].
Test weight. From obtained results, the lowest
values for test weight (75.5 kg hL) was obtained
when wheat genotypes planted in the warm
condition, on the other hand the cool condition gave
the highest values (84.2 kg hL) (Table 5). According
to water regime, water stress caused slight reductions
of test weight and the reduction was 9.3% (Table 6).
The differences among the genotypes were
statistically significant for test weight and the highest
value of test weight was obtained from Adana-99
(82.5 kg hL) followed by Inqilab-91 and Cham-6,
while the lowest was that of Balattila (78.4 kg hL)
(Table 7). The variation of some quality traits it
could be attributed to grain filling process that is
harmfully affected by high temperatures and grains
reaching to maturity stage before complete filling
(21). Water stress reduced test weight of wheat [37].

Gluten index. This result indicates that the
growing environment influence gluten index of the
studied genotypes. It was observed the lowest gluten
index (82.4%) when wheat grown in the warm
condition but the cool condition gave the highest GI
(89.4%) (Table 5).In this research, the irrigation
regime was not a factor for increasing or decreasing
the gluten index (Table 6). According to the
genotypes, Cumakalesi and Özkan showed the
highest (favorable) means followed by Mané Nick
(98.2, 96.7 and 94.7, respectively) (Table 7).
Recently, in a multi environment trial for Turkish
wheat genotypes the wet gluten content was varied
from 28 to 37% depending on the variation in the
environment, genotype and their interaction [14, 42].
The variation in wheat gluten could be attributed to
the differences in the genotypes and environmental
conditions such as temperature. Similarly,
significant variation in wheat gluten content due to
the difference in wheat genotypes and growing
environment has been reported [14]. Vida et al. [42]
reported that the gluten index had the greatest
dependence on the genotype compared to
environmental factors and agronomic treatments.
Furthermore, the more significant effect of genotype
on the gluten index compared to the impact of
environment and fertilizer application was recently
reported [24].

Zeleny sedimentation volume (ZT, ml). A
sedimentation value is one of the main parameters
for the quality. In this research, it was observed the
lowest values (30.8 ml) for Zeleny sedimentation
volume when wheat genotypes planted in the cool
condition and the warm condition gave the highest
values (33.3 ml) (Table 5). In water regime
condition, it was observed that the irrigation regime
was not a factor for increasing or decreasing the
Zeleny sedimentation volume. Concerning the
genotypes, Mané Nick showed the highest
(favorable) means (44.1 ml) (Table 7). Similar
observation on the effect of environment
(temperature and rainfall) on the sedimentation value
of wheat genotype has been previously reported [25,
38, 8]. Shahin Nia et al. [39] reported significant
positive relationship among protein percentage, SDS
sedimentation test and other bread-making quality
traits.

Grain flour content . The lowest grain flour
content (45.5%) was obtained when wheat genotypes
planted in the warm condition and the highest values
(49%) was recorded under cool condition (Table 5).
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water and fertilizer influence the timing
of key events during grain development in US
spring wheat. J. Cereal Sci, 37: 9-20.
[7] Gooding MJ, Ellis RH, Shewry RR (2003)
Effects of restricted water availability and
increased temperature on the grain filling,
drying and quality of winter wheat. J. Cereal Sci,
37: 295-309.
[8] Kotak S, Larkindale J , Lee U , Pascal Von
Koskull-Doring, Vierling E, Scharf K (2007)
Complexity of the heat stress response in plants.
Plant Biol, 10: 310-316.
[9] Sumesh KV, Sharma-natu P, Ghildiyal MC
(2008)Starch synthase activity and heat shock
protein in relation to thermal tolerance of
developing wheat grains. Biol. Plant, 52: 749753.
[10] Jenner CF (1994) Starch synthesis in the kernel
of wheat under high-temperature conditions.
Aust. J. Plant Physiol, 21: 791-806.
[11] Zhao H, Dai T, Jiang D, Cao W (2008) Effects
of High Temperature on Key Enzymes Involved
in Starch and Protein Formation in Grains of
Two Wheat Cultivars. J. Agron. Crop Sci,
194(1): 47-54.
[12] Labuschagne MT, Elago O, Koen E (2009)
Influence of extreme temperatures during grain
filling on protein fractions, and its relationship
to some quality characteristics in bread, biscuit,
and durum wheat.Cereal Chem, 86: 61-66.
[13] Branlard G, And Dardevet M (1985) Diversity
of grain proteins and bread wheat quality.
Correlation between high-molecular-weight
subunits of glutenin and flour quality
characteristics.J. Cereal Sci, 3(4): 345-354.
[14] Kaya Y, Akcura M (2014) Effects of genotype
and environment on grain yield and quality traits
in bread wheat (Triticum aestivum L.). Food Sci.
Technol. Campinas, 34: 386-393.
[15] Yong Z, Zhonghu H, Ye G, Aimin Z, Van
Ginkel M (2004) Effect of environment and
genotype on bread-making quality of springsown spring wheat cultivars in China.
Euphytica, 139 (1): 75-83.
[16] %DUXWoXODU&7RSWDV,7XUNWHQ+<ÕOGÕUÕP0
Koc M (2015) SPAD greenness to estimate
genotypic variation in flag leaf chlorophyll in
spring wheat under Mediterranean conditions.
Turk. J. Field Crops, 20(1): 1-8.
[17] %DUXWoXODU &  <ÕOGÕUÕP 0 .Ro 0 $NÕQFÕ &
7RSWDú,$OED\UDN27DQUÕNXOX$(/6DEDJK
A (2016) Evaluation of SPAD chlorophyll in
spring wheat genotypes under different
environments.
Fresen.
Environ.
Bull.,
25(4):1258-1266.
[18] Zadok JC, Chan TT, Konzak FC (1974) A
decimal code for growth stages of cereals. Weed
Res, 14: 415-421.
[19] AACC (2000) Approved methods of the
American Association of Cereal Chemists, 10th

Water stress caused slight reductions of grain flour
content and the reduction was observed 10.2%
(Table 6). Concerning the genotypes, Genç-99,
Inqilab- .DUDFDGD÷-98 and Meta-2002 showed
the highest (favorable) means (Table 7). Variations
in flour quality in a hard-grained winter cultivar were
related to changes in protein composition from
drought stress during grain filling [7].

CONCLUSION
Water stress and delaying the sowing date (heat
stress) caused a significant reduction in grain weight,
grain starch content, test weight, grain flour content
and grain protein content. The cool irrigated
environment is most suitable followed by the
environment in cool rain-fed. It is also observed that
Inqilab-91, Cham-6, Adana-99 and Meta-2002
performed better in respect of most important traits
of grain quality under stress environment (water
stress and heat stress). Consequently, these
genotypes are potentially good candidates for
cultivation in the hot environments and water stress
of Turkey for producing good bread making quality
of wheat.
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SEA URCHIN MICRONUCLEUS ASSAY FOR
DETERMINATION OF GENOTOXIC EFFECTS OF
BISPHENOL A
Ozlem Cakal Arslan*, Hatice Parlak
Faculty of Fisheries, Ege University, 35100 Bornova, Izmir, Turkey

closely related to vertebrates that are belonging to
deuterostomians. So that they show some similarities
with vertebrates [8], they might allocate also same
goal at the organism of response to environmental
contamination [5, 9].
Cytogenetic abnormalities have been reported
[9-14] as chromosome aberrations in sea urchins.
Saotome and Hayashi [15] had reported that
detection of chromosome abberations in sea urchin
is difficult because of smallness in size (1± ȝP
[15-17]. Saotome et al. [17] had an investigation on
the Micronucleus in sea urchin blastulae and
suggested that sea urchin micronucleus assay can be
used to detect the effect of pollution in the aquatic
environment.
Studying
DNA
damage
at
chromosome level constitutes a necessary part of
genetic toxicology [18] because of chromosomal
mutation plays the most important role in cancer
formation. Thus, MN test is one of the most reliable
techniques used to determine genetic changes in the
organisms in contaminated waters, chemicals and
complex mixtures [19-24].
The lethal toxicity of BPA to embryonic
development of sea urchin Paracentrotus lividus
were tested in previous investigation and the LC50
were estimated 300 μg-BPA/L [1]. Considering all
of these informations, in this study the genotoxic
effects exposing the sea urchin, embryos to
increasing concentrations (12.5-100 μg/L) of BPA
calculated as sublethal concentrations based upon
Arslan and Parlak [1] were investigated by counting
MN frequencies.

ABSTRACT
Bisphenol a (BPA) have generated concern
because of to their high production and widespread
use. BPA is used to make polycarbonate, epoxy resin
production and specialty resins and in the
manufacture of flame retardants. It is well-known
that a wide variety of man-made chemicals in the
environment is capable of adversely affecting
aquatic organisms. Damage caused on the DNA by
genotoxic pollutants is the first consequence
occurring in the aquatic organisms. Micronuclei tests
is a system of mutagenicity testing used for
determining the pollution and chemicals causing
changes in DNA fragments such as micronuclei. Sea
urchins are to be good applicants for being selected
as marine target macroinvertebrates and useful test
species in ecotoxicology. For this purpose, the
experiment was carried out using a sea urchin
Paracentrotus lividus embryos. The sea urchin
embryos were exposed to increasing concentrations
of BPA (12.5, 25, 50, 75 and 100 μg-BPA/L) under
static conditions in the laboratory. According to the
results of the study, it is revealed that all
concentrations of BPA increases the genotoxic
damage by the means of increasing micronucleus
frequency.

KEYWORDS:
Sea urchin Micronucleus Assay,
Paracentrotus lividus, genotoxicity

Bisphenol

A,

INTRODUCTION

MATERIAL AND METHOD

As it is well known that the effects of toxic
chemicals on early developmental stages of aquatic
organisms are of great importance in the protection
RI WKH QDWXUDO SRSXODWLRQ¶V KHDOWK [1-3]. From this
point of view echinoderms to be good candidates for
being selected as marine target macroinvertebrates
and useful test species in ecotoxicology [4].
Echinoderms can supply to more than 90% of the
benthic and their habitats assemble those points of
environmental pollution [1-7]. Echinoderms are

Analytical grade bisphenol-a [(CH3)2C
(C6H4OH), Cas No: 80-05-7] was purchased from
Aldrich, Germany. Stock BPA solutions were
prepared by dissolving test chemical in
dimethylsulphoxide (DMSO) (Sigma, Cat. No: 6768-5) as 100 mg-BPA/L. DMSO has known as
environmentally friendly solvent and according to
the European directive 67/548/EEC, DMSO is not
classified as toxic [1-2].
Test concentrations were prepared by adding
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marine environments [26-28]. Discharges to the
environment occur not only from factories producing
BPA, but also from numerous factories where BPA
is incorporated. Discharges to air are expected to
break down fairly rapidly, but discharges to water are
likely to be more persistent and cause to problems
[29]. Because of this, BPA is topic of aquatic toxicity
test in recent years.
The median values of reported water
concentrations from streams and rivers of European
and United States are 0.016 and 0.5 μg/L
respectively [30]. More recently, it has been reported
that detectable BPA levels as 0.01 μg/L in
downstreams of the rivers in Japan [31]. BPA also
persists in surface waters in the concentrations of
6.44-15.6 ng/L from the coastline of China (Bohai
Sea, Yellow Sea, East Sea and South Sea, are
distributed along the coastline of China) and 60 to
1900 ng/L from Tokyo Bay [32, 33]. BPA
concentrations on several industrial effluents had
been reported as 41 μg/L, 17 μg/L, 18 μg/L in paper,
metal/wood and the chemical industry respectively
and 25±146 μg/l have been found in waste dump and
compost water [34]. Apart from the direct toxicity of
BPA, it has been identified as a weakly estrogenic
chemicals [35]. BPA was specified as moderate to
slightly toxic to fish and invertebrates with LC50
1100 to 10000 μg/L [36]. Several studies have been
completed to determine the fate of BPA in the
environment and the possible impacts on aquatic
organisms.

the chemicals from stock solution directly to the test
medium. Test concentrations were 12.5, 25, 50, 75
and 100 μg/L of BPA in 10 ml of final test volume.
Control groups accompanying the experiments were
untreated negative controls. Filtered natural seawater
collected from the same area as the echinoids (FSW,
35 psu, 18 ºC) and used in all of the experiments to
cultivate the embryos.Adult sea urchins,
Paracentrotus lividus were collected from the
Aegean Sea coast (Seferihisar District, Turkey). The
eggs obtained by dissecting the ectodermal skeleton
were put into FSW [14], while the sperms were kept
in a dry environment. Each experiment was run in six
replicates.
Sea urchin embryo micronucleus assay were
carried out as described previously by Saotome and
Hayashi [15]. When the fertilized eggs were
incubated at 18°C for about 5 h, they cleaved eight
times and reached the early blastula stage (about 256
blastomeres). In this study used blastulae for test
according to previously Saotome and Hayashi [15]
have been reported. Embryos were reached about
256 blastomeres. MN assay were carried out
previously reported Saotome and Hayashi [15] with
the following modifications: (a) 6-well plates, (b)
5000 embryos/ml, (c) 10 ml sample/well.
Experiment were taken added of BPA on 10 ml and
control group only FSW and 2 ml of the blastulae
suspension 6-well plates and left them at 18°C
overnight.
This method modified for light microscopy and
stained with Giemsa. The fixed pellet was smeared
on slide and 3 preparations were prepared for each
test medium. Then, dried samples were stained with
Giemsa (5%, Sigma, Aldrich). The cells with MN
were counted at x100 magnification (immersion oil)
by light microscopy. Two hundred cells from each
preparation and 12000 cells per concentrations were
inspected.

RESULTS AND DISCUSSION
Bisphenol-a is known to be persistent toxic
chemicals and used extensively in households and in
industry. It is released into the environment through
permitted discharges of treated industrial waste
water or directly [25] into terrestrial, freshwaters and

FIGURE 1
Micronucleus formation in Sea urchin P. lividus

TABLE 1
Nuclear abnormalities observed in P. lividus (Mean ± standard error)
Concentrations (μg
ÅNucleus
ÅMicronucleus
BPA/L)
Control
996,5±1,5
3,5±1,5
12.5
985,5±0,5
14,5±0,5
25
980,5±0,5
18±1*
50
981,5±1,5
21±1*
75
977±2
25,5±0,5*
100
970,5±0,5
31,5±2,5*
* p<0,005
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tetrabromodiphenyl ether-47 (MN frequencies: 2.5 Å . Our results with P.lividus show higher MN
induction comparing with mussels.

The fact that many aquatic organisms (bivalves,
crustacean, polychaeta, sea urchin and fish) depend
on food the chain directly or indirectly and that these
organisms are exposed to carcinogenic or mutagenic
agents found in the media. Genotoxic/carcinogenic
compounds accumulated by aquatic organisms might
cause health risk for human through by food chain
because of their ecological risk by genetic mutation
and reduction of genetic diversity [37-39].
Nevertheless, there has been a little knowledge about
the impact of genotoxins on natural human
populations.
Boveri [40] suggested that the
relationship between chromosomal changes and the
origin of tumors using developing echinoderm
embryos as a model organisms [37]. Increase in
number of MN is indirect marker of numeric and
structural chromosomal irregularities cause in the
cells by many agents. In situ micronucleus assays
have been developed for sea urchin [12, 15-17] and
also The MN assay has been utilized to echinoderms,
such as adults of the asteroid A. gibbosa [41] and
larvae of the echinoids Strongylocentrotus
purpuratus [42], Hemicentrotus pulcherrimus and
Clypeaster japonicus [15, 17], but has yet to be
carried out successfully in other echinoderm species.
In this study, the genotoxic effects of Bisphenol A
were examined in MN tests carried out with embryos
of P. lividus. These tests were used as a biomarker
because the MN test gave reliable results and also
due to its easy applicability. This fact lead to
researches on genotoxicity of several chemicals and
environmental samples testing MN frequencies.

  



   



FIGURE 2
Different BPA concentrations of nuclear
abnormalities observed in P. lividus
Leaney [41] reported that exposure of A.
gibbosa to ethyl methane sulphonate (EMS) caused
a significant increase in MN frequency. Hose and
Puffer, [42] showed that parental exposure of 100
mg- benzo (a) pyrene/ kg was respond for the
significant increase in MN frequencies in sea urchin.
Saotome and Hayashi [15] have reported an
improvement of the sea urchin embryo MN assay for
environmental aquatic samples. Their investigations
showed that MN frequencies were increase parallel
to increasing contamination and they are also
reported that in Mitomycin- c caused micronucleus
induction at low concentrations. The MN frequency
ZDVUHSRUWHGDVÅDQGWKH01IUHquency induced
by MMC at 10 μg/ml was 6±Å
Arslan and Parlak [9] the cytogenetic analysis
was carried out in P. lividus embryos exposed to
BPA. In test, mitotoxic effects were detected all
tested concentrations which changes

Barsiene et al. [43] are performed analyses of
micronuclei, nuclear buds, and bi-polynucleated and
fragmented-apoptotic cells in gills of blue mussels
exposed to sub lethal concentrations of bisphenol A,
diallyl phthalate (50 ppb) and to tetrabromodiphenyl
ether-47 (5 ppb). They have reported that a
significant increase in micronuclei frequency after
the treatment to bisphenol A, diallyl phthalate and

TABLE 2
Cytogenetic analysis of P.lividus embryos.ÕVDOWPDODU(30 PLWRVLVSHUHPEU\Rø( LQWHUSKDVHHPEU\R
0$ PHWDSKD]DQDSKD]70$HPE WRWDOPLWRWLFDEHUDWLRQVSHUHPEU\R( PE DQRPDOLHHPEUL\R
mg/L
EPMa
M/A
ø(a
%TMA
%E(+mb)
BPA
a
17,3 ± 0,5
2,52±0,43
4,17 ± 1,3a
0±0
0±0
FSW
5,24±1,26*a
4,75±1,76
25 ± 6,87*a
0,083±0,08
0,083± 0,083
3x10 ±4
Cd
a
3,1 ± 0,7
4,2 ± 0,83a
0±0
0±0
3,5
15,04± 0,7
DMSO
0.3
11,49±1,28*a
1,65±0,18
3,33 ±1,92a
0,025±0,025
0,83 ± 0,83
BPA
a
0.5
13,38 ±1,6*
1,42±0,09
4,17 ± 2,1a
0±0
0± 0
0.8
9,33±1,34**a
1,5 ±0,14
13,3 ± 5,6a
0,14 ±0,08
3,33 ±1,92
a
1.0
9,91 ±1,83*
1,32±0,96
5 ± 3,19a
0,083±0,083
2,5 ± 2,5
1,53 ± 1,4
11,67±7,5a
0,083±0,083
2,5 ± 2,5
1.5
9,13± 1,34*a
2.3
6,85 ±1,68*a
2,3 ± 0,37
9,17 ±5,99a
0,53 ± 0,25
10,83± 4,98*
3.5
3,27 ±1,07*a
9,12±6,97
15 ± 5,69a
2,3 ± 0,32*
38,33 ± 4,19
*p<0.005, aThe data taken from Arslan and Parlak (2007)
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TABLE 3
Chromosomal abberations of P.lividus exposed by; AB=Anaphase bridge, LC=Lagging
chromosome, FC= Free chromosome, F= Fragmentasion, MPS= Multipolar spindle
BPA
Mg/L
AB
FC
LC
F
MPS
FSW
0±0
0±0
0±0
0±0
0±0
Cd
3x10 ±4 0 ± 0
0,025±0,03
0±0
0±0
0±0
DMSO
3,5
0±0
0±0
0±0
0±0
0±0
BPA
0,3
0,008 ± 0
0±0
0±0
0±0
0±0
0,5
13,38±0,08
0±0
0±0
0±0
0±0
0,8
0±0
0±0
0,025± 0,014 *
0±0
0±0
1
0,008±0,008
0±0
0,025± 0,014 *
0±0
0±0
1,5
0±0
0±0
0,025±0,014*
0±0
0±0
2,3
0±0
0±0
0,15 ± 0,045*
0±0
0,08± 0,08
3,5
0,008±0,008
0,03±0,03
0,65 ± 0,09 *
0,08±0,08
0,08± 0,08
*p<0,05 aThe data taken from Arslan and Parlak (2007)

17(2), 127-130
[3] %RJQHU'8MHYLü,DQG%DULü$  7UDFH
metals (Cd, Pb, Cu, Zn and Cr) distribution in
sediment along east coast of the Adriatic Sea
(Croatia) Fresen. Environ. Bull., 14, 50-58
[4] Cameron,
R.A. (2002) Sea
urchin
developmental
genetics
and
culture.
In: MatrongaSmolenrcka,
editor. The
Sea
Urchin:
From
Basic
Biology
to
Aquaculture. Lisse: Swets and Zeitlinger.
pp 31±36.
[5] Sugni, M., Mozzi, D., Barbaglio, A., Bonasoro,
F. and
Candia Carnevali, M.D. (2007)
Endocrine
disrupting
compounds
and
echinoderms: new ecotoxicological sentinels for
the marine ecosystem. Ecotoxicology 16:95±
108
[6] Brusca, R.C. and Brusca, G.J. (1990)
Invertebrates.
Sinauer
Associates.
Inc,
Sunderland, MA.
[7] Candia Carnevali, M.D. (2005) Regenerative
response and endocrine disrupters in Crinoid
echinoderms: an old experimental model, a new
ecotoxicological test. In: Matranga V (ed)
Echinodermata, progress in molecular and
subcellular biology, subseries marine molecular
biotechnology.
Springer-Verlag,
Berlin
Heidelberg, pp 167±199
[8] Janer, G., Le Blanc, G.A. and Porte, C. (2005)
A comparative study on androgen metabolism in
three invertebrate species. Gen Comp
Endocrinol 143:211±221
[9] $UVODQ g & DQG 3DUODN +  *HQRWR[ÕF
(IIHFWV 2I %ÕVSKHQRO $ 7R 6HD 8UFKÕQ
Paracentrotus lÕYÕGXV (Lamarck, 1816). &ÕHVP
Congres, 2007.243.
[10] Kobayashi, N. (1984) Marine ecotoxicological
testing with echinoderms. In: G. Persoone, E.
Jaspers and C. Claus, eds. Ecotoxicological
Testing for the Marine Environment, state
University of Ghent And Institute Marine
Scientific Research, Bredene 1: 341-405
[11] Pagano, G., Cipollaro, M., Corsale, G.,

in the number of mitoses per embryo (MPE) and
increasing mitotically inactive embryos (IE) (Table
2, Table 3). In their study, embryos were exposed to
concentration between 0.3-3.5 mg-BPA/L and they
have reported that BPA caused a genotoxic hazards
at low level. The genotoxic effect of BPA were found
more than the results of Arslan and Parlak [9]
although exposed concentrations of BPA were
lower.

CONCLUSION
As the result of our study increased micronuclei
frequencies in cells of P. lividus exposed to BPA
have more mutagenic and genotoxic properties.
According to the literature review this results are first
outcomes for micronucleus induction on P. lividus
embryos. As the current study indicates that the MN
test in sea urchin yields sensitive results in
monitoring genotoxic and mutagenic effects of
chemicals might be recommended as a standard
method in the regular determination of genotoxic
effects of Bisphenol- A.
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THE EFFECT OF DEPURATION ON BACTERIAS, MINERAL
MATTERS, FATTY ACIDS AND AMINO ACIDS IN CARPET
SHELL (RUDITAPES DECUSSATUS LINNAEUS, 1758) AND
THE EVALUATION OF QUALITY INDEXES IN TERMS OF
HUMAN HEALTH
Emre Caglak*, Serkan Koral, Baris Karsli
5HFHS7D\\LS(UGR÷DQ8QLYHUVLW\)DFXOW\RI)LVKHULHV'HSDUWPHQWRI3URFHVVLQJ7HFKQRORJ\5L]H7XUNH\

ABSTRACT

INTRODUCTION

In this study, we have evaluated the effect of
depuration on the bacterias, the mineral matters, the
fatty acids and the amino acids in the carpet shells
and the quality indexes in terms of human health.
The carpet shells that underwent the depuration
process for a total of 72 hours in a closed loop system
were analyzed every 12 hours. There was a
significant decrease in the total number of bacteria
depending on the duration of depuration. E. coli,
Salmonella spp., Staphylococcus aureus, Listeria
monocytogenes, Vibrio parahaemolyticus and Vibrio
cholera could not be determined in the carpet shells
during depuration. 48-hour processing time was
determined to be significant for a decline in Co, Fe,
Al, Cu, and Mn levels due to depuration in the carpet
shells. Zn, Cu, Ni and Cr levels were found to remain
in the national and international limit values during
the study. Al and Mn levels were envisaged to be
appropriate for all the thresholds specified in terms
of human health. The values of total essential amino
acids (EAA) and non-essential amino acids
(NEAA) at the end of depuration process were
higher than their initial values and the EAA/NEAA
ratio was determined between 0.82-1.09. It was
found in the carpet shells during depuration that
polyunsaturated fatty acids (PUFA) were between
57.64-58.88%, saturated fatty acids (SFA) were
between 23.72-25.46% and monounsaturated fatty
acids (MUFA) were between 8.51-9.75%. EPA,
DHA and omega-3 levels which play an important
role in human nutrition were found to be high.
Moreover, the quality indexes of the fatty acid (AI,
TI, FLQ, w6/w3, h/H) were determined to be at
appropriate values for human health.

Environmental pollution which occurs due to
population growth causes the contamination of life
sources and the deterioration of the ecosystem.
When water environment which constitutes a large
part of the ecosystem is used as a receiver and
remover for used waters and other wastes, it suffers
from more pollution compared to air and soil in the
ecosystem [1]. Bivalve molluscs which live in the
sedimentary structure in the marine environment
have a high nutritional value. They contain the large
amounts of the protein, the vitamin A, B, C, D, the
various minerals and the fatty acids. However, there
can be harmful and toxic substances in their bodies
because they have water filtration feature [2].
Today, nutrition is very important for human
health and so we should use water resources
effectively. However, all adverse effects that can
harm human health should be removed and
minimized. Bivalve molluscs can concentrate
contaminants on their own tissues in higher
concentrations compared to the sea water in their
environment [3]. Bivalves that are grown in
contaminated
waters
accumulate
the
microorganisms including bacteria and viruses in
their body. Then the consumption of these products
as raw or undercooked may pose a significant risk to
human health [4, 5]. At this point, the depuration
process should be implemented in order to remove
the accumulations which occur due to exposure to
the contamination factors with a negative impact on
human health [6].
The Regulation (EC) No. 854/2004 [7] and the
Regulation (EC) No. 629/2008 [8] were adopted by
the European Union and Turkey in terms of the
depuration process and product safety in bivalve
molluscs. According to the Regulation (EC) No.
854/2004 [7], bivalve mollusc production areas are
divided into three different classes (A, B and C) in
terms of microbiological quality values, and also the
conditions are specified for the depuration process
[6]. In addition, according to the Regulation (EC)

KEYWORDS:
Carpet shell, Depuration, mineral matter, Fatty acid,
Amino acid, microbiology
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S. aureus, Salmonella spp, L. monocytogenes, V.
parahaemolyticus and V. cholera colonies, which
were identified as suspected, were selected and
purified. Biochemical tests for bacteria identification
were carried out in accordance with Arda [20]. In
addition, DNA isolation, DNA sequence analyses
following the increase of the target gene sequence
were performed by MACROGEN INC. (SeoulKOREA) in exchange for the purchase of services.
Crude fat content was determined using a
solvent extractor Velp SER 148/6 (Velp Scientifica,
Milano, Italy) with petroleum ether (130 °C). Crude
protein, crude ash and dry matter content was
determined according to the AOAC [21] Method
2.507, AOAC [21] Method 7.009 and AOAC [22]
Method 985.14, respectively.
Amino acid samples were sent to TUBITAKMAM Food Institute for analysis. In amino acid
analysis, an in-house method was created by
modifying those of Dimova [23] and Gheshlaghi et
al. [24], and the sample analysis was carried out. The
analysis process was performed using a UFLC (Ultra
Fast Liquid Chromatography) device and a UV
detector.
Analysis of fatty acid methyl esters (FAME %)
was done according to Tufan et al. [25]. The
determination of fatty acids was conducted on gas
chromatography-mass
spectrometry (GC-MS)
equipment (QP2010 Ultra with AOC-20i+s model
auto sampler) using a mass selective detector (GCMS QP 2010 PLUS) equipped with GC/MS
solutions software (Shimadzu, Kyoto, Japan).
FAME mix standards were separated on a Restek
RT-2560 column (USA Cat no: 13199 Serial no:
47623-07; 100 m × 0.25 mm internal diameter and
the fatty acid content (%) in the carpet shell was
calculated as mg/100g according to Weihrauch et al.
[26].
Lipid quality indices as atherogenicity index
(AI), thrombogenicity index (TI), fish lipid quality
(FLQ)
and
hypocholesterolemic/hypercholesterolemic
ratio
(h/H) ratio were calculated as follows [27, 28, 29].
Statistical analysis was done by one-way
analysis of variance (ANOVA) using the JMP 5.0.1
(SAS) package program. For statistical testing of
GLIIHUHQFHV DFFRUGLQJ WR GHSXUDWLRQ WLPH 7XNH\¶V
test was used [30].

No. 629/2008 [8], the threshold limit values of the
mineral substances are specified for human
consumption of bivalve molluscs.
Bivalves are highly valued because they are
used in human nutrition in many countries with a
coastline all over the world [9]. According to FAO
records, the production of carpet shell was reported
to be 4002 tons across the globe in 2014. The total
production of carpet shell was 83.4 tons in Turkey in
2013. It is collected from the Western Black Sea and
the Aegean coasts in Turkey and marketed especially
to the European countries [10, 11].
In the literature, the effects of the depuration
process on bacteria and heavy metal content of
shellfish were studied in general. However, the
changes in the amino acids and the fatty acids of the
products due to the depuration process were not
demonstrated. The purpose of this study was to
determine the effects of the depuration process on the
microbiological, chemical and nutritional aspects of
carpet shells and safe intake levels for human. It was
also aimed to determine the effects of the depuration
process on the mineral matters, the fatty acids and
the amino acids and to identify safe intake levels for
human health and to evaluate important indexes (AI,
7,)/4Ȧ-Ȧ-K+Ȉ($$Ȉ1($$ 

MATERIALS AND METHODS
Carpet shell (Ruditapes decussatus) used in the
VWXG\ ZHUH FROOHFWHG E\ KDQG IURP ø]PLU %D\ the
Aegean Sea (Turkey). The dead or damaged
products were removed. The live carpet shell, with
an average height of 41.09±2.58 mm, width of
27.17±1.63 mm and weight of 12.02±2.18 g, were
placed in purification pools of 450 dm3 of water by
2 repetitions in amounts of 50 kg. After the sea water
supplied with deep water pump passed through a
carbon filter and UV lamp (40000 μWs/cm2) in a
closed circuit purification system, it was transferred
to the pools where the products were placed. The sea
water temperature and flow rate of the closed-circuit
purification system was set as 16 °C and 2.64 L/s,
respectively. A purification process was carried out
for the samples taken at the beginning and every 12
hours for a total of 72 hours.
The preparation process for the mineral matter
analysis of all samples was done according to FAO
Technical Report 158 [12, 13, 14]. The concentration
of the metal analysis was calculated by the dry
weight, and it was expressed in wet weight units.
Total bacterial analysis was performed using
Plate Count Agar (PCA), and total coliform bacteria
and E. coli counts were performed using Violet Red
Bile Agar (VRB) [15, 16]. Staphylococcus aureus,
Salmonella spp., Listeria monocytogenes, Vibrio
parahaemolyticus, Vibrio cholera analyses were
carried out according to the FDA [17], Pal and
Marshall [18], Halkman [16] and THSK [19]. E. coli,

RESULTS AND DISCUSSION
In this study, the amounts of cobalt (Co),
aluminium (Al), iron (Fe), zinc (Zn), copper (Cu),
manganese (Mn), nickel (Ni), cadmium (Cd),
chromium (Cr), lead (Pb) obtained from the carpet
shells were shown in Table 1. The values of Co was
decreased at 24 (1.14 mg/kg) and 48 (1.11 mg/kg)
hours, and also it was determined to be different from
other groups (P<0.05). Although the value of Al
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According to national and international limit values,
the values of Zn, Cu, Ni and Cr were determined not
to exceed the limit values in all the references
(Seafoods Quality Control Handbook [31], Turkish
Food Codex [32], FDA [33]). While all values of Cd
were found to be below the limit values in Codex
Standard 193 [34], FSANZ [35] and FDA [33], they
were found to be above the limit value (0.1 mg/kg)
in Seafoods Quality Control Handbook [31].
According to the other reference value specified as 1
mg/kg (Regulation EC [8, 36], Turkish Food Codex
[32, 37]), it exceeded the limit values at depuration
times except 0 and 24 hours. In the study period, all
values of Pb were found to be below the limit values
in FSANZ [35] and FDA [33]. During the depuration
process, only the value of 1.59 mg/kg at 12 hours was
found to be above the limit values in Turkish Food
Codex [32, 37] and Regulation EC [8]. The values of
Pb at 12, 24, 36, 60 and 72 hours were found to be
above the limit values in Seafoods Quality Control
Handbook [31] and Regulation EC [36]. The
amounts of cadmium and lead obtained from the
carpet shells during the depuration process were
evaluated according to the limit values and also they
could not be expressed to be completely safe.
The limit values for consumption of the mineral
matters which are defined by the international
organizations were shown as mg/day and mg/kg/day
in Table 3.
When ATSDR [38, 39] values were taken into
account, only Al value was found between
consumable values in this study. The value of Cd
(0.07) which is defined by EPA [40] was
significantly lower than the results obtained during
the depuration process, and also it was observed not
to be suitable for consumption. When the amounts
which are specified for the consumption of the
mineral matters by China Nutrition Institute [41]
were analyzed, only Mn value was found to be
positive according to the study results.

which was initially measured as 20.02 mg/kg
showed instability during the depuration process, it
was significantly lower especially after 48 hours and
was measured as 11.43 mg/kg at 72 hours (P<0.05).
The value of Fe was initially measured as 87.29
mg/kg and showed an irregular distribution during
the depuration process. However, it was measured as
75.98 mg/kg at 60 hours and this value was
significant as the lowest value (P<0.05). When the
distribution of Cu and Mn values was analyzed
during the depuration process, they showed an
increase during the first 24 hours and then a steady
decrease. Their values were respectively 10.76
mg/kg and 1.05 mg/kg at the end of depuration and
they showed significant differences from other
depuration durations (P<0.05). The value of Cr was
initially measured as 0.36 mg/kg and showed an
irregular distribution during the depuration process.
However, it showed a significant decrease especially
at 60 hours and the difference was detected with the
value of 0.32 mg/kg (P<0.05).
The values of Zn, Ni, Cd and Pb showed an
irregular distribution during the depuration process
and their values were determined to be increased at
the end of depuration duration. The minimum and
maximum values of Zn, Ni, Cd and Pb were 33.944.41, 2.88-3.39, 0.94-1.16 and 0.92-1.59 mg/kg,
respectively. In the overall assessment which was
made in terms of the effects of the depuration process
on the mineral matters, the value of Co showed a
significant decrease at 24 and 48 hours and the value
of Fe showed a significant decrease at 48 and 60
hours. The values of Al, Cu and Mn were decreased
after 48 hours. The values of Zn, Ni, Cd, Cr and Pb
were unaffected. The critical time for the depuration
process in terms of the mineral matters in the carpet
shells was shown to be important in the applications
for 48 hours and more.
The limit values of the mineral matters which
are specified by the various national and
international organizations were shown in Table 2.

TABLE 1
Mineral matter contents of carpet shells during the depuration periods (mg/kg)
Mineral
Matters
Co
Al
Fe
Zn
Cu
Mn
Ni
Cd
Cr
Pb

Depuration Hours
0/R
12
1.21±0.01a
1.23±0.00a
21.97±0.40b
20.02±0.51a
87.29±0.80a
104.75±1.04b
35.48±0.25b
33.90±0.34a
13.39±0.02b
11.39±0.01a
1.67±0.01b
1.47±0.00ac
2.88±0.00a
2.90±0.02a
1.06±0.02bc
0.95±0.01a
0.46±0.01b
0,36±0.01a
1.59±0.01b
0.92±0.08a

24
1.14±0.00b
21.97±0.21b
95.41±1.76c
35.83±0.20bc
15.60±0.14c
1.65±0.01bc
3.07±0.01b
0.94±0.01a
0.35±0.00a
1.04±0.10ac

36
1.31±0.01c
20.30±0.16a
105.26±0.98b
35.92±0.11bc
14.18±0.08d
1.51±0.01abc
3.29±0.03c
1.16±0.01d
0.44±0.01c
1.19±0.09ac

48
1.11±0.00b
14.88±0.16c
85.14±0.32a
36.39±0.34c
12.21±0.03e
1.44±0.01a
3.13±0.02d
1.09±0.01ce
0.35±0.01a
0.98±0.09a

60
1.27±0.01e
13.82±0.04c
75.93±1.14d
34.27±0.04a
11.63±0.06a
1.11±0.12d
3.18±0.01d
1.03±0.00b
0.32±0.00d
1.04±0.11a

72
1.43±0.01d
11.43±0.06d
94.54±1.56c
44.41±0.02d
10.76±0.08f
1.05±0.03d
3.39±0.01e
1.11±0.01e
0.51±0.01e
1.40±0.11bc

R: Raw mDWHULDO'LIIHUHQWOHWWHUV DEF« LQWKHVDPHOLQHLQGLFDWHstatistical difference between the depuration
times (P<0.05). Co: Cobalt, Al: Aluminum, Fe: Iron, Zn: Zinc, Cu: Copper, Mn; Manganese, Ni: Nickel, Cd:
Cadmium, Cr: Chrome, Pb: Lead
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TABLE 2
Limit values of certain metals in shellfish in National and International standards (mg/kg)
References
Zn
Cu
Ni
Cd
Cr
Pb
Seafoods Quality Control Handbook [31]
50
20
0.1
1
Turkish Food Codex [32, 37]
50
20
1
1.5
Codex Standard 193 [34]
2
Regulation EC [8]
1
1.5
FDA [33]
80
4
13
1.7
FSANZ [35]
2
2
Co: Cobalt, Al: Aluminum, Fe: Iron, Zn: Zinc, Cu: Copper, Mn: Manganese, Ni: Nickel, Cd: Cadmium, Cr:
Chrome, Pb: Lead.
TABLE 3
Consumable limit values of certain metals in international standards limit values (wet weight)
References
Co Al
Fe
Zn
Cu
Mn
Cd
Cr
Pb
ATSDR (MRLs) [38, 39]
0.7 70
21
0.7
0.035
0.35
Or=Oral (mg/kg/day)a
EPA (2000) [40] (mg/kg/ day)a
0.07
China Nutrition Institute [41]
12
12
1.0
3.5
(mg/day)
WHO [42, 43, 44, 45]
70
56
70
35
0.07
0.25
(mg/kg/day)a
FDA [46] (mg/day)
18
15
2.0
2.0
0.12
FSANZ [35] (mg/kg/day)a
0.07
0.25
Co: Cobalt, Al: Aluminum, Fe: Iron, Zn: Zinc, Cu: Copper, Mn: Manganese, Ni: Nickel, Cd: Cadmium,
Cr: Chrome, Pb: Lead. a These amounts are calculated in mg/kg/day. They have been multiplied by 70 kg
in order to provide amounts in mg/day.
The carpet shells were found to remain within the
consumption limits according to the values of Al, Zn
and Cu of WHO [42, 43, 44, 45] during the study
period. The values of the mineral matters (except
Mn) obtained in the study were found to be outside
the standards which are brought by FDA [46] and
FSANZ [35]. When the existing international values
were evaluated as a whole, the values of Al and Mn
were considered to be suitable for consumption of
carpet shells that underwent the depuration process.
In a study of Cheung and Wong [47], they
found that when the amounts of Cd, Cr, Cu, Pb, Zn
and Ni in carpet shells (Tapes philippinarum) were
analyzed during the depuration process (7 days),
some were decreased, some were increased and the
others remained unchanged. In another study, it was
reported that the amounts of Fe, Ni, Co, Cu and Mn
in carpet shells (Ruditapes decussatus) sampled from
2 stations were significantly decreased during 48hour depuration and it was found that the levels of
Fe, Ni, Co, Cu and Mn were decreased between 46.847.7%, 19.9-20.3%, 27.3-27.9%, 35.9-36.6% and
18.2-26.6%, respectively [3]. Angelo et al. [48]
stated that during the depuration process (24 hours)
in freshwater mussels (Corbicula fluminea,
Quadrula pustulosa), Al value was decreased in all
samples, Cd value did not show a significant change,
Pb value was decreased in C. fluminea but was
unchanged in Q. pustulosa and Zn value was

decreased in C. fluminea but was increased in Q.
pustulosa. El-Gamal [49] reported that in Paphia
undulata, the rates of Zn (44%), Pb (23%), Ni (25%),
Mn (17%), Cu (61%), Cr (41%) and Cd (75%) after
48-hour depuration process were significantly
decreased compared to their initial values. However,
it was explained that only the rates of Cu (27%), Cr
(15%), Co (23%) Cd (52%) were decreased during
3-days depuration process. 2 and 7 days depuration
processes were administered to Ruditapes
philippinarum ve Ruditapes decussatus at 20° C and
34% salinity by Freitas et al. [50]. Consequently,
they stated that in Ruditapes decussatus, 48-hour
depuration process was effective for Cr, Ni, Cu, Zn,
Cd and Pb and there was an increase in all of those
metals at the end of 168-hour depuration process and
the levels of Cu, Cd, Ni and Zn (insoluble fractions
of the clam) were significantly increased compared
to their initial values. Figueira and Freitas [51]
examined that in Ruditapes philippinarum and
Ruditapes decussatus, the metals have the effects on
human health in terms of the depuration process and
consumption. They stated that there were decreases
and increases in the values of As, Hg, Cr, Ni, Cu, Zn,
Cd and Pb depending on the species during 48-hour
depuration process. They explained that all the
metals except As were in accordance with the limit
values in terms of consumption. According to these
results, it was found that some metals can be
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TABLE 4
Microbiological counts of carpet shells during the depuration periods (log kob/g)
Depuration Hours
0/R
12
24
36
48
60
72
2.78±0.02 1.84±0.03 1.60±0.01 <1.47
<1.47
<1.47
<1.47
TAMB
3.11±0.05 2.98±0.02 2.63±0.04 2.47±0.02 1.72±0.01 1.60±0.03 <1.47
TAPB
<1.47
<1.47
<1.47
<1.47
<1.47
<1.47
Total Coliform <1.47
R: Raw material. TAMB: total aerobic mesophilic bacteria. TAPB: total aerobic psychrophilic bacteria.
Microbiological
Count

TABLE 5
Biochemical contents of carpet shells during the depuration periods (%)
Depuration
Crude Protein
Hours
6.31±0.05a
0/R
7.99±0.08b
12
7.04±0.04c
24
7.36±0.04d
36
7.19±0.04c
48
8.07±0.05b
60
8.73±0.00e
72
55DZPDWHULDO'LIIHUHQWOHWWHUV DEF«
the depuration times (P<0.05).

Crude Fat

Dry Matter

Crude Ash

0.33±0.02a
13.46±0.50a
2.04±0.07a
a
a
0.36±0.02
13.56±0.28
2.23±0.11a
a
a
0.36±0.00
13.15±0.09
2.09±0.15a
b
a
0.22±0.00
13.08±0.63
2.42±0.32a
0.28±0.01c
13.21±0.67a
1.97±0.12a
0.21±0.03b
13.10±0.38a
2.29±0.13a
c
b
0.28±0.02
12.04±0.03
1.94±0.16a
LQWKHVDPHFROXPQLQGLFDWHVWDWLVWLFDOGLIIHUHQFHEHWZHHQ

effective in total bacteria and Norovirus [52, 53]. In
the studies in which the depuration process was
applied under different conditions, the effective
depuration duration was reported as 44 hours [4], 72
hours [54], 72-84 hours [55] and 66-78 hours [56]
according to the bacterial species. In a depuration
VWXG\FRQGXFWHGE\dRODNR÷OXHWDO>@WKH\IRund
that bacteria counts were decreased by 40% within
first 12 hours. In another study, the depuration
process which was performed for total bacteria and
E.coli reduced the number of microorganisms, and
also it was reported to show the positive effects in
terms of microbial quality during the transportation
of products [57]. As it is seen in other studies, the
reducing effect of the depuration process on the
microorganisms in our study was found to be similar
to declines in total mesophilic bacteria and total
psychrophylic bacteria counts. However, the
duration and effectiveness of the depuration process
were observed to be consistent with other studies.
Before the carpet shells underwent the
depuration process in this study, the rates of protein,
lipid, dry matter and ash were found to be 6.31%,
0.33%, 13.46% and 2.04%, respectively (Table 5).
The rate of protein was increased during the
depuration process and was found as 8.73% at the
end of 72 hours (p<0.05). The rate of lipid was found
to show a significant decline (0.22%) at 36 hours
during the depuration process (p<0.05). It was found
as 0.28% within 72 hours of the depuration process.
The rate of dry matter showed a decline during the
depuration process and was found as 12.04% at 72
hours. This value was different from other
depuration durations (p<0.05).

effectively removed from carpet shell within a
certain depuration period.
Total aerobic mesophilic bacteria (TAMB) and
total aerobic psychrophilic bacteria (TAPB) counts
were shown in Table 4. TAMB and TAPB counts
were found 2.78 log kob/g and 3.11 log kob/g in the
raw sample, respectively. There was a decrease in
TAMB and TAPB counts during the depuration
process, and also the bacteria counts were found to
be <1.47 log kob/g at the end of depuration process.
Total coliform counts were found to be <1.47 log
kob/g during the entire depuration process.
As a result of the analyses, E. coli was not
found in the raw and depurated samples. DNA
sequence analyses were performed in order to
diagnose species of suspicious (Salmonella spp., S.
aureus, L.monocytogenes, V. parahaemolyticus and
V. cholera) sample in the another bacteria seedings.
As a result of DNA sequence analyses, no bacteria
were included among suspicious species and the
samples were found not to contain any
microbiological pathogens.
In the literature, the effects of the depuration
process have been demonstrated on Tapes
decussatus, Ruditapes philippinarum, Donax
trunculus
Polymesoda
solida,
Mytilus
galloprovincialis, Chamelea gallina, Crassostraea
brasiliana, Crassostrea gigas and other bivalve
species, Norovirus, E. coli, V. cholerae O1, V.
parahaemolyticus, V. vulnificus, Salmonella
typhimurium, thermotolerant coliform bacteria
strains, total coliform, fecal coliform, mesophilic
aerobic bacteria and total bacteria. In the previous
studies, the depuration process was found to be
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TABLE 6
Amino acid contents of carpet shells during the depuration periods (mg/100g)
Amino
Acids
(mg/100g)

Depuration Hours
0/R

12

Histidine*

159.49±16.74

Isoleucine*

293.91±0.00a

a

265.67±2.82

24
be

229.72±1.24

36
cd

48

246.61±8.11

bc

206.75±2.18

60
d

227.41±1.25

72
cd

288.78±5.37e

393.51±2.82b

342.39±2.47c

364.18±1.35d

335.58±3.27c

364.57±2.50d

438.87±5.37e

131.84±2.82

a

117.04±0.00

b

162.49±2.70

c

141.18±1.09

d

189.37±1.25

e

218.49±2.69f

567.29±8.47

b

481.27±1.24

c

515.20±6.76

d

513.79±8.73

d

586.67±8.76

b

665.91±12.09e

139.24±0.43

ad

Leucine*

414.40±0.98

a

Lysine*

753.18±1.52a

853.93±12.71b

782.61±4.94c

878.42±4.06b

875.61±3.27b

979.55±8.76d

1140.88±9.40e

Phenylalanine*

250.73±1.97a

347.57±2.82b

300.47±2.47c

310.65±1.35d

291.61±2.18e

331.83±1.25f

389.48±2.69g

a

b

c

c

d

e

432.23±4.03f

Methionine*

393.51±2.82

336.28±1.24

329.77±1.35

310.13±2.18

364.57±2.50

Threonine*

267.44±0.00

Valine*

330.13±1.97a

441.45±2.82b

382.57±2.47c

402.41±1.35d

385.73±2.18c

421.20±0.00e

505.37±5.37f

Alanine

369.82±0.98a

474.41±18.36b

422.75±2.47c

436.82±1.35c

437.42±3.27c

504.38±2.50d

549.07±5.37e

354.62±2.47

b

386.16±2.70

c

392.67±3.27

c

502.61±2.50

d

522.47±5.37e

238.45±6.18

c

241.83±4.06

c

369.53±3.27

d

532.69±0.00

e

601.32±4.03f

280.68±0.98

a

Aspartic acid

189.44±1.97

a

Glutamic acid

562.05±0.98a

474.41±1.41b

625.39±0.00c

690.12±2.70d

891.81±6.55e

494.49±0.00

a

643.20±2.82

b

549.40±1.24

c

560.12±0.00

c

529.22±4.36

d

Proline

241.67±0.98

a

330.59±4.24

b

289.11±1.24

c

289.62±1.35

c

263.84±2.18

d

Serine

263.26±0.00a

363.55±2.82b

316.19±0.00c

a

b

c

Arginine

Glycine

Tyrosine

252.12±1.97

Ȉ($$

2608.51±18.61a

Ȉ1($$

2653.54±1.97

Ȉ($$Ȉ1($$

0.98

347.57±2.82

b

169.79±2.82

b

319.60±2.82

a

283.87±3.71

309.69±10.81c
309.69±0.00

b

1115.82±6.26f

1262.48±9.40g

586.67±3.75

e

666.86±5.37f

303.51±1.25

e

342.93±4.03f

298.55±1.09c

361.91±1.25b

435.08±5.37d

c

d

402.78±5.37e

290.84±3.27

342.44±1.25

3394.75±32.49b

2972.35±13.59c

3209.72±8.11d

3060.38±18.55c

3465.15±26.28b

b

b

c

d

e

3123.09±12.71
1.09

3079.78±17.29
0.97

3224.06±6.76
1.00

3473.88±25.09
0.88

4250.02±18.77
0.82

4080.02±47.02e
4782.98±44.33f
0.85

R: Raw material, EAA*: Essential amino acid, NEAA: Non-HVVHQWLDODPLQRDFLG'LIIHUHQWOHWWHUV DEF«
in the same line indicate statistical difference between the depuration times (P<0.05).

mg per 100g of fresh meat of carpet shell,
respectively. The highest amounts of all the amino
acids were detected at 72 hours during the depuration
process, and also it showed a significant difference
from other groups (p<0.05). The values of all the
amino acids except methionine, aspartic acid and
glutamic acid were found to be higher in the
depuration process than that in the fresh material.
The total amounts of essential and non-essential
amino acids were observed to reach to the maximum
values at 72 hours during the study. It is considered
that the increase in the amounts of amino acids
occurred due to the changes in protein content.
In a study performed by Allen [61], the value
ranges of alanine, glycine, glutamic acid and aspartic
acid were found to be respectively 3.2-249.2, 3.058.2, 3.2-35.8 and 1.1-17.4 μmol/gm at different
salinity levels (3%, 6%, 10%, 17%, 20%, 25%) in
Rangia cuneata and it was stated that there was a
change in the amounts of the amino acid depending
on the salinity. Hosoi et al. [62] investigated the
effect of artificial sea salt on the amounts of the
amino acids in clams. According to the results of this
study, they reported that artificial sea salt caused the
changes in the amounts of taurine, glycine, alanine,
DVSDUWLF DFLG JOXWDPLF DFLG ȕ-alanine, proline and
arginine amino acids depending on its use at different
rates and times and that these changes occurred as a
result of the adaptation depending on the salt content
and duration. When the data of this study were

The rate of crude ash showed an irregular
distribution during the depuration process and was
found to be between 1.94-2.42%. There was no
statistical difference (p>0.05). The biochemical
changes have been found to be an important indicator
in carpet shells depending on the depuration process
and conditions because there were no food
components in the depuration medium.
In a study performed in Tapes decussatus by
Çelik [58], the rates of protein, lipid, dry matter and
ash were found to be 10.76%, 1.13%, 18.17% and
1.5% in a fresh material, respectively. Dincer [59]
stated that the rates of protein, lipid, dry matter and
ash were respectively 8.71%, 0.78%, 14.09% and
3.1% in Ruditapes decussatus. dD÷lak et al. [60]
found that the rates of protein, lipid, dry matter and
ash were found to be respectively 10.54%, 0.34%,
18.41% and 3.16% in the nutritional analysis made
in carpet shells before receiving the depuration
process. When the data of this study were compared
with the results of other studies, the similar results
have been reached.
The amounts of the amino acids were shown in
Table 6. The amounts of histidine, isoleucine,
methionine,
leucine,
lysine,
phenylalanine,
threonine, valine, alanine, arginine, aspartic acid,
glutamic acid, glycine, proline, serine and tyrosine
were found to be 159.49, 293.93, 139.24, 414.40,
753.18, 250.73, 267.44, 330.13, 369.82, 280.68,
189.44, 562.05, 494.49, 241.67, 263.26 and 252.12
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hours (p>0.05). The depuration process and time had
no effects on PUFA.
In two different studies on Ruditapes
decussatus, the amounts of the fatty acids were
analyzed [64, 65]. In analogy with present study, in
a study of Albentosa et al. [64], the values of palmitic
acid (C16:0) and stearic acid (C18:0) were reported
to be higher than other saturated fatty acids. The total
value (1.95%) of eicosenoic acid (C20:1) among
08)$ ZDV SDUDOOHO WR WKH GDWD RI RXU VWXG\
Especially, the values of EPA (1.66%) and DHA
(5.11%) were significantly lower than the data of
present study. In a study conducted by FernandezReiriz et al. [65], the rate of C16:0 (18.5%) was
higher than other SFA, and also this finding was
similar to the data of present study. The value of
08)$   ZDVVLJQLILFDQWO\KLJKHUWKDQWKH
data of present study. The rates of EPA, DHA and
38)$  ZHUHORZHUWKDQWKHGDWDRIpresent
study.
Fish oil and fatty acid components are
biochemical changes which undergo the most
changes depending on ecological factors and
physiological condition of the fish. Even among the
same species, the fatty acid composition varies
depending on nutrition, region, season, gender and
environmental conditions [66, 67]. The minimum
DQG PD[LPXP UDWHV RI 38)$6)$
38)$08)$DQG(3$'+$ZHUHIRXQGWREH
respectively 1.94-2.36%, 7.22-8.99% and 29.3235.41%. The depuration process and time had no
effects on the fatty acids (P>0.05) and an adverse
effect in terms of nutrition quality. The PUFA/SFA
ratio recommended in terms of health must be
minimum 0.45 [68]. In this present study, the
PUFA/SFA ratio was found higher (2.28-2.47) than
limit value during the depuration process (Table 7).
Passi et al. [69] stated that the PUFA/SFA ratio in
the muscle tissue of Tapes decussatus was 2.64 in
triglyceride (TG) and 2.99 in phospholipid (PL)
fractions. In another study, The PUFA/SFA of carpet
shell clam was determined as 1.51 before depuration
and 1.65 after depuration [70]. The n-3/n-6 ratio has
been suggested to be a useful indicator when
comparing relative nutritional values of fish. An
increase in the human dietary n-3/n-6 PUFA ratio is
essential to help prevent coronary heart disease by
reducing plasma lipids and reduce the risk of cancer
[71]. The n6/n3 ratio is recommended maximum 4
by the UK Department of Health [76]. The QQ
UDWLRDQGQQZDVIRXQGEHWZHHQ-0.27 and
3.69-4.42 during the depuration process,
respectively (Table 7). Similarly, Anacleto et al. [72]
detected that the n3/n6 and n6/n3 ratios of Ruditapes
decussatus at different temperatures are 4.04-5.52
and 0.20-0.23, respectively.

compared with the past studies, the similar results
were found in terms of the changes in the amino acid
content depending on various factors. It was
observed that the amounts of the amino acids were
increased depending on the depuration process and
conditions. The World Health Organization
recommended methionine, phenylalanine, lysine,
histidine, valine, leucine, isoleucine and threonine
requirements for adults of 10, 25, 30, 10, 26, 39, 20,
and 15 mg amino acid/kg body weight per day,
respectively [63]. When the results of our study are
evaluated according to the reports of WHO [63], it is
clear that if a person whose weight is 70 kg consumes
300 g meat of carpet shell, the person receives only
lysine amino acid; if a person whose weight is 70 kg
consumes 500 g meat of carpet shell, this person
receives histidine, isoleucine, methionine and
threonine amino acids; and if one consumes 700 g
carpet shell, his/her all amino acid needs could be
met.
The values of the fatty acids depending on the
depuration process in the carpet shells were shown
in Table 7. Palmitic acid (C16:0) had the highest
value of unsaturated fatty acids. The minimum and
maximum rates of palmitic acid were found to be
12.04% and 12.83% respectively and there was not a
significant difference between all groups (P>0.05).
The tRWDOUDWHRIXQVDWXUDWHGIDWW\DFLGV 6)$ ZDV
found to be 23.51% at 0 hours and 25.62% at 72
hours, respectively. There was no significant
difference between the durations of depuration
(P>0.05). The rates of palmitoleic acid (C16:1), oleic
acid (C18:1n9c), elaidic acid (C18:1n9t) and cis-11eicosenoik acid (C20:1) which are monounsaturated
fatty acids (MUFA) were found to be respectively
1.04%, 3.14%, 0.20% and 2.27% for the fresh
sample. These values were found to be respectively
0.96%, 3.31%, 0.23% and 2.37% at the end of the
depuration process. The total amount of MUFA was
found to be 6.65% in the fresh sample and 6.87% at
the end of the depuration process. The depuration
process had no effects on the total values of
monounsaturated fatty acids (MUFA) (P>0.05). The
WRWDO UDWH RI SRO\XQVDWXUDWHG IDWW\ DFLGV 38)$ 
was found to be respectively 53.40% for the fresh
sample and 49.61% at the end of the depuration
SURFHVV7KHFKDQJHVLQWKHUDWLRRI38)$ZHUH
not
statistically
difference
(P>0.05).
Docosahexaenoic acid (C22:6n3, DHA) and
eicosapentaenoic acid (C20:5n3, EPA) had the
highest value of polyunsaturated fatty acids. The
rates of DHA and EPA were found to be respectively
25.07% and 9.29% for the fresh sample and 21.84%
and 8.48% at the end of the depuration process
(P>0.05). The EPA+DHA amounts in carpet shell
were determined between 32.30-35.59% (Table 7).
There were no differences among the depuration
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TABLE 7
Fatty acid ratios (%) and lipid quality indexes of carpet shells during the depuration periods
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C21:0
C22:0
C24:0
6)$
C16:1
C18:1n9c
C18:1n9t
C20:1
08)$
C18:2n6c
C18:3n6
C20:2
C20:3n6
C20:4n6
C20:5n3
C22:2
C22:4n6
C22:5n3
C22:6n3
38)$
Unidentified
38)$6)$
38)$08)$
EPA+DHA
Q38)$
Q38)$

Depuration Time (Hours)
0/R
12
0.75±0.09A
0.59±0.12AB
0.31±0.02A
0.29±0.04A
12.18±0.21A
12.39±0.74A
1.48±0.11A
1.26±0.11A
7.30±0.11A
7.43±0.20A
0.19±0.01AB
0.18±0.05AB
0.26±0.06AB
0.28±0.01AB
1.08±0.10AB
1.09±0.30AB
0.33±0.06BC
0.18±0.00AB
23.82±0.39A
23.72±1.39A
1.04±0.11A
1.60±0.04B
0.30±0.07A
0.16±0.04AB
4.24±0.25A
4.32±0.56A
3.51±0.04A
3.70±0.03A
9.35±0.57A
9.49±0.28A
0.40±0.11A
0.57±0.01A
3.02±0.17A
2.88±0.04A
1.73±0.02A
1.85±0.05A
0.16±0.01A
0.27±0.07A
3.60±0.04A
3.66±0.16A
9.89±0.13A
9.45±0.35A
11.06±0.21A
11.45±1.04A
1.29±0.27A
1.39±0.04A
1.91±0.22A
2.08±0.12A
25.7±1.16A
25.07±0.98A
58.88±1.86A
58.5±2.68A
8.44±0.72A
7.82±1.97A
2.47±0.26A
2.47±0.04A
6.28±0.67A
6.21±0.38A
35.59±1.03A
34.52±1.32A
37.5±1.25A
36.59±1.44A
8.48±0.35A
8.74±0.18A

24
0.61±0.03AB
0.33±0.01A
12.42±0.19A
1.30±0.07A
7.66±0.15A
0.18±0.00AB
0.25±0.03A
1.26±0.04A
0.14±0.04A
24.13±0.47A
0.99±0.14A
0.22±0.03AB
3.90±0.01A
3.40±0.57A
8.51±0.69A
0.55±0.04A
2.90±0.12A
1.82±0.14A
0.21±0.01A
3.57±0.12A
9.52±0.04A
11.02±0.32A
1.33±0.11A
2.11±0.01A
25.79±0.64A
58.79±0.47A
8.58±0.69A
2.44±0.07A
6.93±0.62A
35.3±0.68A
37.41±0.69A
8.55±0.39A

36
0.63±0.07AB
0.33±0.07A
12.95±1.73A
1.43±0.18A
8.08±0.39AB
0.15±0.02A
0.25±0.06A
1.00±0.07AB
0.39±0.06C
25.19±2.09A
1.02±0.14A
0.11±0.02B
4.18±0.45A
3.45±0.08A
8.75±0.64A
0.42±0.00A
3.17±0.42A
1.68±0.02A
0.27±0.07A
3.84±0.01A
9.55±0.24A
12.11±0.69A
1.17±0.40A
2.03±0.12A
24.39±2.58A
58.61±2.31A
7.46±0.43A
2.34±0.29A
6.73±0.76A
33.94±2.82A
35.96±2.94A
8.87±0.04A

48
0.60±0.05AB
0.34±0.01A
12.04±0.04A
1.47±0.06A
7.68±0.10A
0.31±0.06B
0.49±0.11B
0.97±0.01AB
0.24±0.04ABC
24.11±0.25A
1.08±0.11A
0.26±0.01AB
4.07±0.11A
3.59±0.13A
8.99±0.35A
0.51±0.13A
3.35±0.33A
1.86±0.14A
0.26±0.07A
3.80±0.22A
9.16±0.21A
12.15±0.56A
1.35±0.04A
1.98±0.18A
23.91±1.13A
58.31±0.19A
8.60±0.09A
2.42±0.02A
6.49±0.28A
33.07±1.34A
35.05±1.17A
9.26±0.28A

60
0.57±0.03AB
0.29±0.05A
12.65±1.37A
1.42±0.02A
8.28±0.52AB
0.19±0.04AB
0.22±0.04A
0.70±0.05B
0.32±0.06ABC
24.61±2.00A
0.99±0.10A
0.17±0.08AB
4.03±0.32A
3.82±0.36A
9.00±0.86A
0.40±0.02A
3.44±0.30A
1.75±0.07A
0.30±0.04A
3.71±0.23A
9.00±0.45A
12.03±0.17A
1.47±0.07A
1.92±0.02A
23.64±2.67A
57.64±3.34A
8.76±0.47A
2.36±0.33A
6.45±0.99A
32.64±3.13A
34.56±3.15A
9.31±0.05A

72
0.39±0.01B
0.37±0.00A
12.83±0.11A
1.40±0.10A
9.09±0.46B
0.25±0.01AB
0.27±0.05AB
0.73±0.08B
0.15±0.04AB
25.46±0.47A
0.96±0.03A
0.25±0.01AB
4.40±0.20A
4.15±0.16A
9.75±0.00A
0.30±0.12A
3.81±0.35A
1.74±0.06A
0.15±0.01A
3.74±0.13A
9.12±0.13A
12.79±0.27A
1.30±0.03A
2.00±0.03A
23.18±1.03A
58.12±0.86A
6.67±0.40A
2.28±0.08A
5.96±0.09A
32.3±1.16A
34.3±1.19A
9.29±0.11A

QQ
QQ
AI
TI
FLQ
h/H

4.19±0.08A
0.24±0A
0.28±0.03A
0.17±0.01A
37.69±1.15A
3.81±0.33A

4.42±0.04A
0.23±0A
0.26±0A
0.16±0A
38.61±0.3A
3.95±0.13A

4.38±0.28A
0.23±0.01A
0.27±0A
0.17±0A
38.62±1.04A
3.84±0.07A

4.06±0.32A
0.25±0.02A
0.29±0.05A
0.18±0.03A
36.68±3.22A
3.66±0.67A

3.79±0.24A
0.26±0.02A
0.27±0.01A
0.17±0A
36.18±1.43A
3.85±0.06A

3.71±0.36A
0.27±0.03A
0.28±0.04A
0.19±0.03A
35.76±3.24A
3.67±0.59A

3.69±0.17A
0.27±0.01A
0.27±0A
0.19±0.01A
34.61±1.1A
3.65±0.06A

Fatty Acids

R: Raw material. AI: atherogenic index, TI, thrombogenic index, FLQ: flesh-lipid quality,
h/H: hypocholesterolemic/hypercholesterolemic ratio.
Different letters (A, B, C) in the same line indicates statistical differences depuration time (p<0.05).
of Zn, Cu, Ni and Cr were found to remain in the
international and national limit values during the
study. The total number of mesophilic and
psychrotrophic bacteria was found to show a linear
decrease depending on the duration of the
depuration. Although there were some changes in the
nutritional composition data of meat structure of the
carpet shells during the depuration process without
nutrition environment, the quantitative distribution
of the amino acid and fatty acid contents, which have
an important role for human health and nutrition was
not affected by the depuration conditions. The
quality indexes of the fatty acids (AI, TI, FLQ,
w6/w3, h/H) were determined to be at appropriate
values for human health. Although the depuration
process reduced some mineral and microbiological
values in the carpet shells, there were not any
changes in the nutritional quality and a minimum of
48-hour depuration process was determined to be
sufficient in these purification conditions.

It is reported that the atherogenic (AI) and
thrombogenic (TI) indices that are higher than (>1.0)
are harmful for human health [73]. If this value gets
lower, the risk of coronary heart diseases decreases
[74]. The AI (0.26-0.29) and TI (0.16-0.19) values
obtained in this study were found lower than this
value in all depuation time (Table 7), and it was also
determined that there were no risks for human health.
Sousa Bentes et al. [75] reported that the high h/H
ratio of fatty acids is the indicator of whether the fat
in the product is proper for nutrition. The h/H ratio
was found between 3.65-3.95 in this study, and no
differences between the groups were determined
(p>0.05). If the FLQ value is high, this indicates that
there are nutrient lipids with good quality [30]. The
FLQ values were found max. (38.62) at 24th hour and
min. (34.61) 72th hour (p>0.05) (Table 7).

CONCLUSION
48-hour depuration process was determined to
be significant in the reduction in the amounts of Co,
Fe, Al, Cu and Mn in the carpet shells. The amounts
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thoroughly studied compounds in the area of EDCs.
Compared to environmental estrogens, fewer
studies have focused on environmental androgens
or anti-androgens. However, an increasing number
of chemicals with androgenic or anti-androgenic
activity have been identified in recent years, such as
flutamide (FL) and vinclozolin (VN). FL is an
anti-androgen often used in the treatment of human
prostate cancer. VN is a systemic fungicide widely
used on fruits and vegetables that is commonly used
in the wine industry. Pharmaceutical residues and
pesticides were found as contaminants in sewage,
surface, ground water [3,4]. Several reports have
demonstrated that certain environmental toxicants
can cause deleterious effects, not only in the
exposed animals, but also in their offspring in
vertebrates [5,6]. Relatively little is known about
the transgenerational effects of EDCs in aquatic
invertebrates which play a vital role in ecosystem
function.
Brachionus calyciflorus has been one of the
most frequently used organisms in ecotoxicology
and has been evaluated for the screening of
environmental endocrine disrupters [7,8]. The life
cycle of B. calyciflorus involves parthenogenesis
and episodic sexual reproduction [9]. Amictic
females hatch from diapausing (resting) eggs and
produce eggs mitotically that develop into amictic
females. Mictic daughters are produced by amictic
females when they receive an environmental
stimulus, and mictic females produce haploid eggs
that develop into males when not fertilized or
resting egg when fertilized. It has been found that
sexual reproduction parameters, such as the mixis
rate, fertilization ratio and resting egg production
have been shown to be sensitive indicators of
hormone exposure [10]. Rotifers are small (0.1±1
mm in length), and most rotifers have very short
lifespans (10±15 days), so they are easy to use in

ABSTRACT
The effects of low-dose flutamide (FL) and
vinclozolin (VN) exposure on population
parameters, such as the population growth rate (r),
mixis rate, and resting egg production, were studied
in Brachionus calyciflorus. The growth rates of
neonates hatched from resting egg formed during
exposure to FL and VN were also examined.
Resting egg production were significantly
decreased following exposure to 0.02 mg/L
vinclozolin and 0.0002, 0.018, and 0.356 mg/L FL
(P < 0.05). After hatching of resting egg formed
during exposure to 0.08 mg/L FL, r was
significantly decreased by 9.73%. The mixis rate
was significantly increased 2.14 times following
exposure to 0.004 mg/L FL. In conclusion, FL had
a transgenerational effect on B. calyciflorus.
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INTRODUCTION
Endocrine disrupting chemicals (EDCs) have
caused a wide range of effects in wildlife, such as
developmental abnormalities and modulation of
fecundity. Because of the structural similarity of
EDCs to sex steroids, these chemicals exhibit
estrogenic or androgenic activity in vertebrates and
may also affect invertebrate reproduction and
development [1]. During the past decades, most
attention focused on estrogens because they were
found to be ubiquitous in the aquatic environment
[2], and so the estrogen constitute the most
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life table experiments and transgenerational
experiments [11].
The aims of the present study were to
investigate the effects of a sublethal dose of the
anti-androgenic compounds, FL and VN, on
reproduction in B. calyciflorus. Population
parameters, such as r, the ratio of ovigerous females
/ non-ovigerous females (OF/NOF), mixis rate at 3
d, and resting egg production at 7 d were evaluated.
In order to investigate whether these endocrine
disruptors have transgenerational effects on B.
calyciflorus, the hatching rate of resting egg, and
grow parameters, including r, mixis rate and
OF/NOF of neonates hatched from the resting egg
formed during FL and VN exposure were
measured.
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2 was calculated by the following equation: r =
OQ1WíOQ1 WZKHUH1 LQLWLDOSRSXODWLRQGHQVLW\
Nt= final population density, and t = 2 days.
Sub-chronic Toxicity of VN and FL. VN
and FL concentrations causing no significant effects
(no observed effects concentration ± NOEC) in the
acute toxicity experiments were selected for further
sub-chronic and transgenerational experiments.
NOEC of FL was 1.59 mg/L [12]. Four newly
hatched amictic females were exposed to sublethal
doses of FL (0.0002, 0.0008, 0.004, 0.018, 0.08,
and 0.356 mg/L) and VN (0.002, 0.006, 0.02, 0.06,
0.2, and 0.6 mg/L) in six-well plates containing 8
mL of EPA medium and 3 × 106 cells/mL C.
pyrenoidosa at each concentration, and four
replicates for each treatment. A negative control
(EPA medium) and a solvent control (EPA medium
and 0.01% [v/v] acetone) were also included.
Exposure medium was renewed on day 3, and
nonovigerous females and ovigerous females,
including those bearing amictic, male (mictic) were
enumerated. At day 7, resting egg on the bottom
and those carried by females were recorded and
stored in Eppendorf tubes containing 1 mL of
toxicant-free medium at 4°C in darkness. Ovigerous
females were classified by the morphology of their
eggs, which differ between female, male, and
resting egg [9].

MATERIALS AND METHODS
Animals. Female B. calyciflorus (Pallas) less
than 4 h old were hatched from resting egg which
was kindly provided by Terry W. Snell (Georgia
Institute of Technology). Cyst hatching was
initiated in synthetic freshwater approximately 20 h
prior to the start of the experiment. Synthetic
freshwater (EPA medium) consisted of 96 mg
NaHCO3, 60 mg CaSO4·2H2O, 60 mg
MgSO4·7H2O, and 4 mg KCl in 1 L of deionized
water adjusted to pH 7.5. Hatching was performed
at 25°C under a light intensity of 3000 lux.

Transgenerational Experiments. Ten resting
eggs were transferred to 1 mL of EPA medium in
24-well plates and exposed to continuous light
(2000 lux) at 25°C, with three replicates. After 24 h,
the hatched and unhatched resting egg were
counted every 8 h. Hatching was observed until day
4 and the hatching ratio was calculated. For
investigation of reproductive effects on offspring
hatched from resting egg, three newly hatched less
than 4 h old amictic females hatched from resting
egg formed during FL or VN treatment were
cultured in 3 mL of toxicant-free EPA medium
containing 2 × 106 cells/mL C. pyrenoidosa, with
six replicates at each concentration. After 48 h, the
total number of rotifers was recorded, and r, OF
/NOF and mixis rate were calculated.

Test Chemicals. FL (CAS. No 13311-84-7)
and VN (analytical standard, 99.6%; CAS No.
50471-44-8) were obtained from Sigma-Aldrich
Chemical Company. Stock solutions were prepared
by dissolving the test compound in acetone and
further diluting with EPA medium so that the final
acetone concentration never exceeded 0.01%.
Two-Day Acute Toxicity of VN. In the acute
toxicity experiment, newly hatched amictic females
were exposed to seven treatment concentrations of
VN (0.79, 1.26, 2.00, 3.16, 5.00, 7.93, and 12.58
mg/L) in six-well plates containing 6 mL of EPA
medium with four replicates per concentration, and
each concentration included 24 females. A negative
control (EPA medium) and a solvent control (EPA
medium and 0.01% [v/v] acetone) were also
included. The rotifers were fed Chlorella
pyrenoidosa at 2 × 106 cells/mL. The medium was
not renewed during the experiment. After 48 h, the
total number of rotifers was recorded, and r on day

Statistics. Data that were normally distributed
and homoscedastic were analyzed using one-way
analysis of variance (ANOVA) followed by LSD
multiple comparisons using SPSS 16.0.
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RESULTS AND DISCUSSION
200

a

180

The production of resting egg (ind.)

Two-Day
Asexual
Reproduction
Experiments. R was significantly (P < 0.05)
decreased by 27.18%, 40.78%, and 32.04%, after
exposure to 3.16, 5.00, and 7.93 mg/L VN,
respectively. The relationship between logarithmic
concentration and r can be described by a simple
linear regression (< í[52 = 0.79, P <
0.01) within the VN concentration range of
2.0±12.58 mg/L (Fig.1).
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FIGURE 2
Effect of vinclozolin (a) and flutamide (b) on
the resting egg production of B. calyciflorus
(mean ± S.E.). Asterisk indicates significant
difference from negative control (P < 0.05).

FIGURE 1
Effect of vinclozolin on the population growth
rate of B. calyciflorus.

The lowest reported LOEC values of VN was
60 ȝg/L in 21-day fecundity experiments with adult
fathead minnows [13], and 1,000 ȝg/L VN
decreased the number of neonatal males produced
in 21-day reproduction experiments with Daphnia
magna [14]. Alvarado-Flores et al. [15] suggested
that VN cause abnormal females of B. calyciflorus
in an exposure interval of 0.4±5.6 mg/L. In our
VWXG\ PJ/91GLGQ¶WVLJQLILFDQWO\GHFUHDVHU
in 48 h asexual reproduction of B. calyciflorus.
According to Steeger and Garber [16] the peak
estimated environmental concentration of VN is
 ȝJ/ 7KHUHIRUH WKHVH UHVXOts suggested that
the concentration of VN present environment
should not significantly affect the asexual
reproduction of B. calyciflorus.

It seems that the resting egg production is the
most sensitive endpoint for FL and VN in this
current study. Radix et al. [8] reported that the
population growth and OF /NOF of B.calyciflorus
are both suitable endpoints to screen of
environmental endocrine disrupters. Preston et al.
[7] indicated that 1 to 50 ȝg/L range nonylphenol,
FL, and testosterone, caused a reduction in
fertilization and resting egg production at 96h in B.
calyciflorus, but those concentrations have no
significant effect on asexual reproduction in B.
calyciflorus, and they suggested that resting egg
production of B. calyciflorus was more sensitive
than other endpoints because it represented the full
life-cycle of the rotifer, including multiple
generations consisting of asexual females, sexual
females, and males, and resting egg production
dependent on the fertility of both male and female
and on successful mating behavior, so sexual
reproduction in rotifers is likely to be regulated by
more complex endocrine signals than asexual
reproduction.
EDCs usually effect the development and
reproduction in low doses of compounds, and so
there is non-linear relationship between dose and

Sub-chronic
Toxicity
Experiments.
Exposure to sub-chronic FL or VN concentrations
for 3 days had no significant effects on population
parameters such as rˈOF /NOF, mixis rate, or the
fertilization ratio. Resting egg production was
decreased at 0.02 mg/L VN (Fig. 2a), and at 0.0002,
0.018, and 0.356 mg/L FL (P < 0.05) (Fig. 2b), but
there was no consistent relationship between the
chemical concentrations and the observed effects.
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effect. They usually have U-or inverted U-shapes,
often referred to asbiphasic dose±response curves
because responses show ascending and descending
phases in relation to dose [17]. In the present study
we demonstrated that both linear relationship and
asbiphasic dose±UHVSRQVH FXUYHV ZHUHQ¶W REVHUYHG
for resting egg and for two compounds, as it was
previously reported by Giusti et al. [18] for
polyembryony in Lymnaea stagnalis by VN. As
previously mentioned, FL and VN, which are
known as anti-androgens in vertebrates. Indeed,
these chemicals are assumed to interact with the
androgen receptor in vertebrates, which has never
been found in rotifer. To data only progesterone
receptor in male and female B. manjavacas has
been described, and it has been demonstrated that
this receptor binds progesterone [19]. Moreover, the
influence on resting egg production by hormone or
EDCs is not consistent. For example, exposure to
low concentrations of progesterone (5mg/L and
10mg/L) significantly enhanced resting egg
production of B. manjavacas, and at 14 mg/L
resting egg production fell to zero [10]. Addition, in
the absence of a molecular assay for interactions
with a rotifer endocrine receptor, the decrease of
resting egg in this present study is not sufficient to
attribute it to an endocrine mechanism. Moreover,
an appropriate protocol should be developed to
ensure sufficient statistical power because this
endpoint is very variable in rotifer.
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FIGURE 3
Effect of flutamide (a) and vinclozolin (b) on
the hatching rate of resting egg of B.
calyciflorus (mean ± S.E.). Asterisk indicates
significant difference from negative control (P
< 0.05).

TABLE 1
The population growth rate (r), ovigerous
females /non-ovigerous females (OF /NOF),
mixis rate on 2 d of B. calyciflorus hatching from
the rest eggs producted in flutamide (mean±S.E)
Concentration
(mg/L)
0
0.0002
0.0008
0.004
0.018
0.08
0.356
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Transgenerational
Experiments.
The
hatching rate of resting egg formed during exposure
to 0.08 mg/L FL was significantly decreased by
15.84% compared to control (Fig.3a), and no effect
on hatching rate was observed when resting egg
was formed during VN exposure (Fig. 3b).
After hatching of resting egg formed during
exposure to 0.08 mg/L FL, r was significantly
decreased by 9.73%. The mixis rate was
significantly increased 2.14 times following
exposure to 0.004 mg/L FL. VN had no effect on r,
OF /NOF, or mixis rate (Tab. 1).
The rotifer has a short generation time, from
embryo to adult, and all of the life stages of the
UHVWLQJHJJ¶VSDUHQWVZHUHH[SRVHGWRWKHFKHPLFDO
but the hatching of resting egg and the growth of
neonates after hatching took place in toxicant-free
medium. As these offspring were not directly
exposed to FL, the effects described above should
be regarded as transgenerational effects. Parental

Mixis rate
(%)
6.24±3.26
13.46 ±5.46
11.02±4.80
19.62 ±2.60*
1.67±1.67
10.325±4.71
7.14 ±5.53

Asterisk indicates significant difference from
control (P < 0.05).
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exposure can lead to a number of adverse
reproductive effects in their offspring which may
include reproductive organ dysfunction, abnormal
pregnancies, and reduced fertility in vertebrate [5,6].
For example, transient exposure of gestating female
rats to VN or methoxychlor (an estrogenic
compound) induced an adult phenotype in the F1
generation that included a decreased spermatogenic
capacity and increased incidence of male infertility
[5]. At the present time, there is only limited
information on the transgenerational events in
invertebrates. Transgenerational effects of EDCs
such aV WKRVH LQGXFHG E\ ȕ-estradiol and
4-nonylphenol have been observed in F1 and F2
generations of the Diaphanosoma celebensis [20].
The mechanisms involved in transgenerational
events in vertebrates include genetic and epigenetic
events [6]. However, the mechanisms of
transgenerational effects in invertebrates are poorly
understood. Atienzar and Jha [21] demonstrated
that benzo(a)pyrene induced RAPD alterations
detected in the parental profiles of D. magna were
also observed in the offspring patterns indicating
that DNA changes that occurred in germ cells were
probably transmitted to the next cohorts, and the
transmission of modified genetic material to the
offspring could be attributed to point mutations (e.g.
base deletion, base insertion) and/or large genomic
rearrangements and/or base methylation (epigenetic
process). In addition, the water fleas have efficient
capabilities to repair or reverse benzo(a)pyrene
-induced DNA effects. Our study demonstrated that
only FL had a transgenerational effect on the rotifer,
and that VN had no effect on the early reproduction
of offspring. Similar inconsistencies have also been
described for other EDCs in invertebrates. For
example, Watts et al. [22] demonstrated that
bisphenol A delayed adult emergence of
Chironomus riparius in the second generation.
However, exposure to low concentrations (1 ng/L)
of E2 resulted in the emergence of both the first and
second generation of adults significantly earlier
than in control animals. Further studies are needed
in order to investigate the precise mechanism of
transgenerational effect of FL in B. calyciflorus.

Fresenius Environmental Bulletin

REFERENCES
[1] Kahl, M., Makynen, E., Kosian, P. and Ankley,
G. (1997) Toxicity of 4-Nonylphenol in a
life-cycle test with the Midge Chironomus
tentans, Ecotoxicology and Environmental
Safety, 38(2), 155-160.
[2] Jiang, W.W., Yan, Y., Ma, M., Wang, D.H.,
Luo, Q., Wang, Z.J. and Satyanarayanan, S.K.
(2012)
Assessment
of
source
water
contamination by estrogenic disrupting
compounds in China, Journal of Environmental
Sciences, 24(2), 320-328.
[3] Heberer, T., Dunnbier, U., Reilich, C. and Stan,
H.J. (1997) Detection of drugs and drug
metabolites in ground water samples of
drinking water treatment plant, Fresen. Environ.
Bull., 6, 438±443.
[4] Readman, J.W., Albanis, T.A., Barcelo, D.,
Galassi, S., Tronczynski, J. and Gabrielides,
G.P. (1997). Fungicide contamination of
Mediterranean estuarine waters: Results from a
MED POL pilot survey, Marine Pollution
Bulletin, 34(4), 259-263.
[5] Anway, M.D., Cupp, A.S., Uzumcu, M. and
Skinner,
M.K.
(2005)
Epigenetic
transgenerational
actions
of
endocrine
disruptors and male fertility, Science,
308(5727), 1466-1469.
[6] Crews, D., Gore, A.C., Hsu, T.S., Dangleben,
N.L., Spinetta, M., Schallert, T. Anway M.D.
and Skinner, M.K. (2007) Transgenerational
epigenetic imprints on mate preference, PNAS,
104(14), 5942-5946.
[7] Preston, B.L., Snell, T.W., Robertson, T.L. and
Dingmann, B.J. (2000) Use of freshwater
rotifer Brachionus calyciflorus in screening
assay for potential endocrine disruptors,
Environment Toxicology Chemistry, 19(12),
2923-2928.
[8] Radix, P., Severin, G., Schramm, K.W. and
Kettrup, A. (2002) Reproduction disturbances
of Brachionus calyciflorus (rotifer) for the
screening
of
environmental
endocrine
disrupters, Chemosphere, 47(10), 1097-1101.
[9] Wallace, R.L. and Snell, T.W. (1991) Rotifera.
In: Ecology and classification of North
American freshwater invertebrates; Thorp J.H. ;
Covich A.P., eds.; Academic Press: New York,
NY.
[10] Snell, T.W. and DesRosiers, N.J.D. (2008)
Effect of progesterone on sexual reproduction
of Brachionus manjavacas (Rotifera), Journal

ACKNOWLEDGEMENTS
This work was supported by the Natural
Science Foundation of Jiangsu Province of China
(BK2012675), and Jiangsu Province innovation and
entrepreneurship PhD plan (2014).

6188

© by PSP

Volume 25 ± No. 12a/2016, pages 6184-6189

of Experimental Marine Biology and Ecology,
363(1-2), 104-109.
[11] Snell, T.W., Fields, A.M. and Johnsto, R.K.
(2012) Antioxidants can extend lifespan of
Brachionus manjavacas (Rotifera), but only in
a few combinations, Biogerontology, 13(3),
261-275.
[12] Lv, L.L., Yang, J.X., Kuang, T.J., Huang, J.T.
and Dong, X.X. (2012) Toxic effects of
flutamide
on
Brachionus
calyciflorus.
Freshwater Fisheries (China), 42(4), 63-65,90.
[13] Martinovic, D., Blake, L.S., Durhan, E.J.,
Greene, K.J., Kahl, M.D., Jensen, K.M.,
Makynen, E.A., Villeneuve, D.L. and Ankley,
G.T. (2008) Reproductive toxicity of
vinclozolin in the fathead minnow: confirming
an
anti-androgenic
mode
of
action,
Environment Toxicology Chemistry, 27(2),
478-488.
[14] Haeba, M.H., Hilscherova, K., Mazurova, E.
and Blaha, L. (2008) Selected endocrine
disrupting compounds (vinclozolin, flutamide,
ketoconazole and dicofol): effects on survival,
occurrence of males, growth, molting and
reproduction
of
Daphnia
magna,
Environmental Science and Pollution Research,
15, 222-227.
[15] Alvarado-Flores, J., Rico-Martinez, R.,
Adabache-Ortiz, A. and Silva-Briano, M.
(2015) Morphological alterations in the
freshwater rotifer Brachionus calyciflorus
Pallas 1766 (Rotifera: Monogononta) caused
by
vinclozolin
chronic
exposure,
Ecotoxicology, 24(4), 915-925.
[16] Steeger, T. and Garber, K. (2009) Risks of
vinclozolin use to federally threatened
California red-legged frog (Rana aurora
draytonii), Environmental Fate and Effects
Division, Office of Pesticide Programs,
Washington, DC.
[17] Genovese, G., Regueira, M., Da Cuna, R.H.,
Ferreira, M.F., Varela, M.L. and Lo Nostro,
F.L. (2014) Nonmonotonic response of
vitellogenin and estrogen receptor gene
expression after octylphenol exposure of
Cichlasoma dimerus (Perciformes, Cichlidae),
Aquatic Toxicology, 156, 30-40.
[18] Giusti, A., Lagadic, L., Barsi, A., Thome, J.P.,
Joaquim-Justo, C. and Ducrot, V. (2014)
Investigating apical adverse effects of four
endocrine active substances in the freshwater

Fresenius Environmental Bulletin

gastropod Lymnaea stagnalis, Science of The
Total Environment, 493,147-155.
[19] Stout, E.P., La Clair, J.J., Snell, T.W., Shearer,
T.L. and Kubanek, J. (2010) Conservation of
progesterone hormone function in invertebrate
reproduction, PNAS, 107(26),11859-11864.
[20] Marcial, H.S. and Hagiwara, A. (2007)
0XOWLJHQHUDWLRQDO HIIHFWV RI ȕ-estradiol and
nonylphenol
on
euryhaline
cladoceran
Diaphanosoma celebensis, Fisheries Science,
73(2), 324-330.
[21] Atienzar, F.A. and Jha, A.N. (2004) The
random amplified polymorphic DNA (RAPD)
assay to determine DNA alterations, repair and
transgenerational effects in B(a)P exposed
Daphnia
magna,
Mutation
Research/Fundamental
and
Molecular
Mechanisms of Mutagenesis, 552(1-2),
125-140.
[22] Watts, M.M., Pascoe, D. and Carroll, K. (2001)
Chronic exposure to Į-ethinylestradiol and
bisphenol A-effects on development and
reproduction in the freshwater invertebrate
Chironomus riparius (Diptera: Chironomidae),
Aquatic Toxicology, 55(1-2), 113-124.

Received:
Accepted:

XX.03.2016
XX.03.2016

CORRESPONDING AUTHOR
Xuexing Dong
Department of Ocean Technology,
Yancheng Institute of Technology,
Yancheng, Jiangsu 224003 ± CHINA
E-mail : ycitdong@126.com

6189

Volume 25 ± No. 12a/2016, pages 6190-6197

© by PSP

Fresenius Environmental Bulletin





ANTICANCER EFFECTS OF SECONDARY METABOLITES
OF PENICILLIUM CHRYSOGENUM VAR. CHRYSOGENUM
ON COLON ADENOCARCINOMA CELLS
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from the disease each year [1]. Different types of
chemotherapy technics which cause serious side
effects and chemoresistance. Classical ways of
therapy has also become less favorable for the
patients. Side effects has become a serious trouble in
cancer research, so people seeking alternative ways
and reagents for the treatment duration of the disease
[2,3].
There is an increasing attention in secondary
metabolites
in
the
pharmaceutical
and
biotechnological industry and is also becoming
convenient and benefical in recent years [4,5]. There
is a widespread idea that secondary metabolites of
fungi becoming important source of antioxidant and
anticarcenogenic
compounds
[6].
Natural
antioxidants act as radical scavengers, which are also
able to protect organism from several chronic
diseases [7, 8, 9].
Natural products as fungal metabolites,
symbolize the potential source of new drugs [10].
Recently, fungi have appared as an important source
of antioxidant compounds. Phenolic compounds are
considered to be the main secondary metabolites in
plants, mushrooms, and fungi liable for their
antioxidant activity [9]. For example, Penicillium
chrysogenum is a commonly used in industry for
production of important antibiotics which are a
variety of economically important secondary
metabolites, like penicillins [11, 12, 13].
In the filamentous fungi the antioxidative
defense system was less extensively studied than
bacteria and yeasts. Approximately 4000 different
types of fungi secondary metabolites were isolated,
up to this time [14]. In the aim of this study, isolated
fungi secondary metabolites were scanned by using
DPPH scavenging activity, determined to show high
antioxidant activity. The present study was
undertaken to evaluate cytotoxic, antiproliferative,
apoptotic effects of hPc.var.c (isolated from natural
enviroment) secondary metabolite in ethyl acetate
extract on Caco-2 cell line.
This research is important to reveal new
approaches to the cancer treatment by the methods
of molecular biology, so anticancer effects of
secondary metabolites on colorectal cancer cells

ABSTRACT
Aim of this study was to investigate the
antioxidant
activity,
cytotoxicity
and
antiproliferative effects of ethyl acetate extract of
Penicillium chrysogenum var. chrysogenum
(hPc.var.c) on the Caco-2 cells. hPc.var.c isolated
from Lake Tuz in Turkey. Ethyl acetate extract was
prepared from isolate of hPc.var.c culture medium.
The free radical scavenging activity and total
phenolic content were evaluated via DPPH and Folin
Ciocalteu assays. Then cytotoxicity and cell
proliferations were investigated with WST-1 method
and real-time cell analysis system (RTCA-DP) on
colorectal carcinoma (Caco-2) cells, respectively.
Apoptosis/necrosis ratio was evaluated by using
Annexin V-PI staining technique by the help of flow
cytometry. In this study, free radical scavenging
effect and total phenolic contend of hPc.var.c extract
was found 73±0.34 % and 53±0.1 mg/GAE,
respectively. All of the extract concentrations were
demonstrated
important
cytotoxic
and
antiproliferative effects on colon adenocarcinoma
cells according to concentration in a time dependent
manner. IC50 concentration was determined 102
μg/mL at the end of 72h by RTCA-DP system. The
25 μg/mL concentration of the extract exhibited the
highest apoptosis rate (47.2 %). In conclusion, it was
observed that ethyl acetate extract of hPc.var.c had
significantly anticancerogenic effects on Caco-2
cells. The hPc.var.c extract including secondary
metabolites may have potential preventive and
therapeutic effects against colon adenocarcinoma
cells.

KEYWORDS:
Penicillium
chrysogenum
var.chrysogenum, antiproliferative; RTCA DP system;
Caco-2.

INTRODUCTION
Colorectal cancer is the third most common
cancer worldwide, nearly 530,000 patients dying
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may be the light of the hope throughout the world
especially from the natural products.

FBS at 37 °C in a humidified atmosphere of 5 %
CO2. Stock solution of extract was dissolved in
DMSO solution.

MATERIALS AND METHODS

WST-1 Cytotoxicity Assay. The viability of
cells was measured using a 4-[3-(4-Iodo-phenyl)-2(4-nitrophenyl)-2H-5 tetrazolio]-1,3-benzene disulphonate (WST-1) assay (Roche, Germany). The
test is based on the cleavage of the tetrazolium salt
WST-1
in
formazan
by
mitochondrial
dehydrogenases in viable cells. The formazan dye
was quantified by a scanning multiwell
spectrophotometer by measuring the absorbance of
the dye at 420 nm [7, 9].Caco-2 cells were inoculated
into 96-well culture plates at the density of 5 x 103
cells per well. After 24 h, they were treated with the
concentrations (50,100,150,200, 300 and 400
μg/mL) of extract for 24 and 48 h. After the
incubation periods, cell proliferation reagent WST-1
(10μl per well) was added and the absorbance was
measured after 3 h. The absorbances of the samples
were measured with an ELISA reader (wavelength
420 nm). The percent values of cell proliferations
were calculated relative to controls, whose cell
proliferations accepted as 100 %.

Microorganism culture conditions and
Preparation of ethyl acetate Extraction. hPc.var.c
was isolated from different regions of Lake Tuz
(Salt). The second largest lake in Turkey and is
located in the Central Anatolia Region. Throughout
the experiments hPc.var.c was grown on the slant of
malt extract agar (MEA) and maintained at 25oC.
Spore suspension of hPc.var.c was prepared in
sterile water and utilized for inoculation. The
antioxidant medium which was prepared according
to the modified formula of Malpure [15]. and
consisted of 3% sucrose, 0.1% yeast extract, 0.1%
polypeptone, 0.3% (NH4)SO4, 0.1% K2HPO4, 0.05%
MgSO4, 7H2O, 0.05% KCl, and 0.001%
FeSO4.7H2O. Spore suspension (5 mL, 107
spores/mL) of Penicillium chrysogenum var.
chrysogenum was inoculated into a 1000 mL Hilton
flask containing 300 mL of medium. The flasks were
incubated at 25 °C. Ethyl acetate extract was
prepared from isolate of Penicillium chrysogenum
var. chrysogenum culture medium which included
secondary metabolites. Also classical and molecular
identification of hPc.var.c was done.

Statistical analysis. All data were recorded as
mean ± standard error of mean (S.E.M). Results
were analyzed by the one-way ANOVA plus
7XNH\¶V WHVW p-values lower than 0.05 were
considered significant (p<0.05*, p<0.01**,
p<0.001***).

Determination of total phenolic content
(Folin- Ciocalteu method). The amounts of total
phenols were determined spectrophotometrically at
750 nm based on the absorbance measurement for
extracts as species gallic acid as described in the
method [16]. This method gives a general
measurement of phenolic content, as it is not
completely specific for phenolic compounds and not
all phenolic compounds exhibit the same level of
activity in the assay.

Cell proliferation assay using Real-Time
Cell Analysis System (RTCA-DP). The system
measures electrical impedance across interdigitated
micro-electrodes incorporated on the bottom of cell
culture E-plates. The impedance measurement,
which is indicated as cell index (CI) value, provides
quantitative information about the condition of the
cells, involving cell number, viability, and
morphology [18, 19, 20]. Background of the E-plates
was measured in 100 μl medium in the RTCA-DP
station. Afterwards 100 μl of a Caco-2 cell
suspension was added (10.000 cells/well). Plates
were incubated for 30 min at room temperature and
E-plates were placed into the Real-Time Cell
Analyser and impedance were measured every hour.
Approximately 24h after seeding, when the cells
were in the log growth phase, the cells were treated
to 100 μl of medium containing different
concentrations of ethyl acetate extract (50, 100, 150,
200 and 400 μg/mL) and impedance monitoring
continued for another 72 hours. Impedance was
demonstrated as Cell Index (CI) values. Doseresponse curves at 72 hours were generated to
determine IC50 values during the incubation time.
Control was received medium including DMSO with
a final concentration of 0.1%. Also fumagillin (100
μM) was used positive control. The electrical

Free radical scavenging activity using DPPH
method. DPPH (2,2-diphenyl-l-picrylhydrazyl)
assay was used as a rapid spectroscopic method to
provide an evaluation of antioxidant activity due to
scavenging free radicals. Being a stable free radical
with purple color, DPPH is reduced into the yellow
colored diphenylpicryl hydrazine. Free radical
scavenging effect of hPc.var.c extract by DPPH
method was investigated according to the method of
Sanchez-Moreno et al. [17] with some
modifications. The reaction mixture was left at
ambient temperature for 30 min in darkness;
absorbance of the resulting solution was then
measured spectrophotometrically at 517 nm.
Cell Culture. Colon Adenocarcinoma cells
(Caco-2) were cultured in RPMI 1640 containing 2
mM L glutamine, 1.5 g/L NaHCO3 (sodium
bicarbonate), 1% penicillin/streptomycin and 10%
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impedance was analysed by the RTCA-connected
software of the RTCA DP system as a dimension less
parameter called CI.

quadrant (Q2); and necrotic/damaged cells
[Annexin-V /PI] upper left quadrant (Q1) [21, 22].

Apoptosis detection by staining with
Annexin V-FITC and propidium iodide. The
Annexin V-FITC Apoptosis Detection Kit
(Cat.No.556547; BD Biosciences Pharmingen) was
used to detect apoptosis as described by the
manufacturer. Briefly, Caco-2 cells (5x105 per well)
were seeded in six-well plates and treated with
different concentrations of hPc.var.c extract (25, 50,
100, 200, 400 μg/mL) for 24 hours. After the
treatment, cell suspensions were centrifuged at 1500
rpm for 5 minutes, and the pellets were washed twice
with 1mL of cold phosphate-buffered saline (PBS).
The cells were resuspended in 100 μL of binding
buffer and were stained with 5 μL of Annexin VFITC solution and 5 μL propidium iodide (PI)
solution for 20 minutes at room temperature in the
dark. Then, the samples were diluted with 400 μL of
binding buffer, processed for data acquisition, and
analyzed on a Becton±Dickinson FACS Aria flow
cytometer using FACS Diva Version 6.1.1.
Software. At least 10.000 cells were analyzed per
sample. The fraction of cell populations in different
quadrants was analyzed using quadrant statistics.
The X- and Y-axes indicate the fluorescence of
annexin-V (green) and PI (red), respectively.
Quadrant settings were based on the control
(hPc.var.c extract). It was possible to detect and
quantitatively compare the percentages of gated
populations in all of the four regions delineated. Four
distinct phenotypes were distinguishable: viable
[Annexin-V /PI] lower left quadrant (Q3); early
apoptotic [Annexin-V /PI] lower right quadrant
(Q4); late apoptotic [Annexin-V/PI] upper right

RESULTS
In our screening study, evaluation of the
antioxidant activity, the total phenolic content,
cytotoxicity and antiproliferative effects were
evaluated respectively with DPPH radical
scavenging assay, Folin-ciocalteu method, WST-1
method, real-time cell analysis system, respectively.
Antioxidant Activity of hPc.var.c Secondary
Metabolites. In the scope of the search, secondary
metabolites from hPc.var.c were investigated in
order to as certain the antioxidant activity by using
the DPPH radical scavenging effect against free
radicals. The antioxidant activity of the extract was
compared with the synthetic antioxidant BHT
(Butylated Hydroxytoluene). The extract showed 60
% free radical scavenging effect according to BHT
value (used as a standard) (data is not shown). The
use of DPPH assay provides an easy and rapid way
of evaluating antioxidant activity [23].
Total phenolic content of hPc.var.c
Secondary Metabolites. The Total phenolic content
(TPC) of hPc.var.c secondary metabolites have been
expressed as gallic acid, mg gallic acid /100 mL
culture. Total amount of phenolic content was
studied with 100 μg/mL extract and total amount of
phenolic compound was found between 53±1.0 mg.
TPC is known to be responsible for the antioxidant
activity.

FIGURE 1
Cytotoxicity analysis of hPc.var.c on Caco-2 cells for 24h. and 48 h. Cell proliferation (%) was
presented as mean ± standard deviation of mean (S.D.) from three independent experiments (n=7).
Control: % 0.1 DMSO. All the data were statistically analyzed using the one-way ANOVA, tukey test.
Differences were considered significant (p<0.001 ***).
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70 %, its cytotoxic effect evaluated on Caco-2 cells
with the doses of 50, 100, 150, 200, 300 and 400
μg/mL. According to our results, Caco-2 cell
viability was significantly decreased with
Penicillium chrysogenum var. chrysogenum
secondary metabolite in a time dependent manner
(***p < 0.001). Ethyl acetate extract of hPc.var.c
was shown important cytotoxic effects on Caco-2
cell line (Figure 1, Table 1).

Cytotoxic Effects of hPc.var.c Secondary
Metabolites on Caco-2 line. In order to evaluate the
cytotoxic effects of hPc.var.c secondary metabolites
on Caco-2 cells, a WST-1 assay was performed with
different concentrations of extract. As mentioned
before, WST-1 is metabolized by cellular NADdependent dehydrogenase into the colored product
of WST-1, formazan. The amount of dye correlates
with the number of viable cells. hPc.var.c extract
whose free radical scavenge effect was found over

TABLE 1
% inhibition values of hPc.var.c on Caco-2 Cell line by WST-1 Assay.
hPc.var.c
24 hours
48 hours

50 μg/mL
53.7
68.64

100 μg/mL
71.07
80.69

150 μg/mL
71.98
81.31

200 μg/mL
72.62
82.23

300 μg/mL
73.45
82.43

400 μg/mL
74.21
83.72

FIGURE 2
Real-time monitoring of cell proliferative effects of hPc.var.c on Caco-2 using RTCA-DP System. (n =7).

FIGURE 3
Effect of hPc.var.c during 72 hour exposure on the viability of Caco-2 cells were determined based on
the concentration±response curve of the cell index and determined IC50 rate by the RTCA DP system
(n =7).
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to phosphatidylserine and is functional in
characterising
apoptotic
cells
[24].
Apoptosis/necrosis ratio was evaluated by using
Annexin V-PI staining technique. Fluorescence
analysis was performed by a flow cytometer
apparatus (Becton & Dickinson, Mountain View,
CA, USA) and the Cell Quest analysis software. To
determine of apoptotic effects, Caco-2 cells were
exposed for 24ௗh at different concentrations (25, 50
ve 100 μg/mL) of hPc.var.c extract. At this time
duration cells were washed twice with phosphate
buffer then stained with AnnexinV-PI. Flow
cytometric analyze was performed after 20 minutes
incubation time period. The apoptotic effects on
Caco-2 cells are shown in Figure 4 and apoptosis
percentage values of Caco-2 cells shown in Table 2.
Caco-2 cells stained by Annexin-V in flow
cytometry analyse; this value was increased to 47.2
% when cells treated with 25 μg/mL extract (Table
2). Flow cytometry showed nearly stable apoptosis
rate with the increasing concentrations of hPc.var.c
extract. Dose increasement did not cause a
significant change on the apoptosis rates of Caco-2
cells. The 25 μg/mL dose group also exhibited the
highest rate of apoptosis at 47.2% when compared to
other doses (50 ve 100 μg/mL) (Figure 4, Table 2).
Necrosis ratios under 5%, have shown that,
hPc.var.c secondary metabolites have driven Caco2 cells to the apoptotic pathway (Table 2).

Effects of hPc.var.c Secondary Metabolites
on Caco-2 Cell Proliferation. Cell proliferation
analysis was conducted with RTCA DP system. The
50% of inhibition concentration (IC50) values of the
extract on Caco-2 cells were determined using
different concentrations (50, 100, 150, 200,
ȝJPL) of the extract at the end of 72 h.
According to our results, IC50 concentration of
hPc.var.c calculated as 102 μg/mL for Caco-2 cells
at 72h (Figure 3). In addition, fumagillin was used as
a positive control in order to compare the anti-cancer
effect of the extract hPc.var.c secondary metabolites
decreased Caco-2 cell viability more than
fumagillin. Antiproliferative effects of the fungal
extract on Caco-2 cell line were shown in Figure 2
and Figure 3. Results refered that the RTCA DP
system provided alive cell monitoring and combined
high data acquisition rates with the conviniance of
utilization. For this reason, the RTCA DP ystem able
to be used as a rapid monitoring tool for cellular
viability and be applied in cytotoxicity testing of
secondary metabolites using cell lines [20].
Apoptosis Detection with Flow Cytometry.
In apoptotic cells, the membrane phosphatidyl
serine, which is normally found in the internal part
of the cell membrane, translocated to the outer part
of the membrane. Annexin V is a calcium dependent
phospholipid binding protein which has an affinity

FIGURE 4
Effects of hPc.var.c co-treatment of Annexin V-FITC/Propidium iodide on Caco-2 cells by using flow
cytometry. At least 10,000 cells were analyzed per group. Caco-2 cells were cultured for 24 hours in
medium with the extract at concentrations of 25 μg/mL (a), 50 μg/mL (b), 100 μg/mL (c). Q1 necrotic
cells, Q2 late apoptotic cells, Q3 alive cells, Q4 early apoptotic cells.
TABLE 2
Flow Cytometry Cell Percentages of hPc.var.c extract on Caco-2 cell line.
hPc.var.c
25 μg/mL
50 μg/mL
100 μg/mL

Alive(Q3)
%
50,3
49,2
50,4

Necrotic(Q1)
%
2,5
3,8
4,4

Early Apoptosis(Q2)
%
27,2
32,1
27,4
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antiproliferative effects increased on Caco-2 cells
depending on concentration increase and time. IC50
concentration was analyzed as 102 μg/mL at 72h by
using Xcelligence system. It was observed that
extract of hPc.var.c had anticancerogenic effects on
Caco-2 cells, and it had potentially more
pharmacological activities.
HL-60, P388, BEL7402 and A549 cell lines
were treated with various metabolite concentrations
extracted from fermentation broth filtrate of
halotolerant A.variecolor and IC50 values were
determined as 266, 309, DQGȝJUHVSHFWLYHO\
[37]. Fungi isolated from seaside of Baishamen,
Hainan located in China were cultured and the
metabolites were extracted with ethyl acetate
fermentation broth. The cytotoxic effects of the fungi
extracts were investigated on A549, Hela, BEL-7402
and RKO cell lines using MTT assay. The extracts
showed the most significant antiproliferative effect
on human colon cancer RKO cell line and the IC50
ZDVGHWHUPLQHGDVȝ0[38]. In addition, Gao et
al. investigated the effects of mangrove derivated P.
chrysogenum on HeLa, BEL-7402, HEK-293, HCT116, and A549 cell lines and determined the IC50
value between 3.5-ȝ0RQ+&7-116 colon cancer
cells[39].
The production of active biologically
compounds, such as secondary metabolites from
fungi has been the subject of several researches;
none the less, there have been no such investigations
focusing on halophilic organisms [40]. So this
research is preliminary investigation for the potential
researches which includes the cancer-related
signaling pathways of hPc.var.c secondary
metabolites on Caco-2 cells. Due to the results,
natural antioxidants obtained from fungi are very
essential resources in terms of biotechnology.
In conclusion, In this study, total phenolic
content, free radical scavenging activity, cell
cytotoxicity, cell proliferation, apoptotic effects of
secondary metabolites of halotolerant Penicillium
chrsogenum var. chrysogenum were evaluated on
Caco-2 cells. And results demonstrated that
hPc.var.c extract has important cytotoxic and
antiproliferative effects on Caco-2. Phenolic
compounds have so many biological effects
including chemopreventive, antiproliferative and
anticancer effects [41]. Secondary metabolites
(natural antioxidants) obtained from fungi are very
essential resources in medical and industrial fields
for the development of new drugs.

DISCUSSION
In the normal cycle of the body, there is a
balance between the quantity of free radicals inserted
in human body and the antioxidants which scavenge
these free radicals [25]. But when this balance is
changed towards free radicals increase of the
organism, this causes oxidative stress which ends up
aging and diseases such as cancer and diabetes [26].
So there is a preference on natural antioxidant
sources to prevent the accumulation of modern
lifestyle and food stuff [25, 27].
Free radicals are considered to trigger oxidative
damage in biomolecules and play an important role
in aging, cardiovascular diseases, cancer, and
inflammatory diseases etc. [28, 29, 30, 31]. Free
radicals generated during the course of metabolic
process of an organism are known to cause several
disorders such as diabetes mellitus, cancer, liver
diseases, renal failure and degenerative diseases due
to weak natural antioxidant defense mechanism [32].
DPPH assay is one of the most widely used methods
for screening antioxidant activity of natural products
[15]. DPPH is a stable, nitrogen-centered free radical
which produces violet colour in ethanol solution. It
was reduced to a yellow colored product,
diphenylpicryl hydrazine, with the addition of the
fractions in a concentration-dependent manner. The
reduction in the number of DPPH molecules can be
correlated with the number of available hydroxyl
groups. The significant DPPH scavenging potential
of endophytic fungal extracts may be due to
hydroxyl groups present in the extracts [33, 34].
In the study of Ravindan et al. [35] microfungi
isolated from sea water samples of India-Goa Beach
were extracted with ethyl acetate and the antioxidant
activity was studied with DPPH method at 50, 100,
150 and 200 μg/mL. And the activity was detected
as %25.14, %40.32, %45.95 and %54.6,
respectively. In the light of these comparisons,
extract used in the experiment have a high potential
antioxidant activity. Phenolic substances are
compounds having an important role in the
antioxidant activity. A positive corelation existed
between the antioxidant activity and total phenolic
content of the extract. It is important for the
revealing of anticancerogenic properties of fungal
secondary metabolites in terms of new approaches in
the alternative cancer treatment methods or
preventive techniques of the disease.
Recently attention is being focused on the
protective biochemical functions of naturally
occurring antioxidants as secondary metabolites in
the cells of the organisms containing [36, 23].
Ethyl acetate extract of hPc.var.c culture
medium
had
important
cytotoxic
and
antiproliferative effects on Colon adenocarcinoma
cells (Caco-2). Especially, the extract showed
significant cytotoxic potential on Caco-2 cells at low
FRQFHQWUDWLRQ  ȝJPL) after 48h. Also,

ACKNOWLEDGEMENTS
This study was carried out support of Anadolu
University Scientific Research Projects numbered
1003S117. The flow cytometry analysis of this
research was studied in the Anadolu University
Medicinal Plants, Drugs, and Scientific Research

6195

© by PSP

Volume 25 ± No. 12a/2016, pages 6190-6197

Fresenius Environmental Bulletin




aminopeptidase 2, Proc. Natl. Acad. Science,
95(26), 15183±15188.
[12] Jayakumar, T., Thomas, P.A. and Geraldine, P.
(2009) In-vitro antioxidant activities of an
ethanolic extract of the oyster and mushroom,
Pleurotus ostreatus and Innovative Food
Science & Emerging Technologies, 10(2), 228±
234.
[13] Davies, K.J.A. (1994) Oxidative stress: the
paradox of aerobic life, Biochemical Society
Symposia, 61,1±31.
[14] Hanson, J.R. (2008) Chemistry of fungi, RSC
Publishing, London, p.32-46.
[15] Malpure, P., Shah, A. and Juvekar, A.R. (2006)
Antioxidant and anti-inflammatory activity of
extract obtained from Aspergillus candidus
MTCC 2202 broth filtrate, Indian Journal of
Experimental Biology, 44(6), 468-473.
[16] Folin, O. and Ciocalteu, V., (1928) On tyrosine
and tryptophane determinations in proteins, The
Journal of Biological Chemistry, 73, 627±650.
[17] Sanchez-Moreno, C., Larrauri, J. and SauraCalixto, F. (1998) A Procedure to Measure the
Antiradical Efficiency of Polyphenols, Journal
of the Science of Food and Agriculture, 76, 270276.
[18] Bird, C. and Kirstein, S. (2009) Real-time,
label-free monitoring of cellular invasion and
migration with the xCELLigence system,
Nature methods, 6.
[19] Solly, K., Wang, X., Xu, X., Strulovici, B. and
Zheng, W. (2004) Application of real-time cell
electronic sensing (RT-CES) technology to cellbased assays, Assay and Drug Development
Technologies, 2, 363±372.
[20] Urcan, E., Haertel, U., Styllou, M., Hickel, R.,
Scherthan, H. and Reichla, F.X. (2010) Realtime xCELLigence impedance analysis of the
cytotoxicity of dental composite components on
human gingival fibroblasts, Dental materials,
26(1), 51±58.
[21] Dikmen, M., Canturk, Z., Ozturk, Y. and
Tunali, Y. (2010) Investigation of the Apoptotic
Effect of Curcumin in Human Leukemia HL-60
Cells by Using Flow Cytometry, Cancer
Biotherapy And Radiopharmaceuticals, 25(6),
749-755.
[22] Engur, S., Dikmen, M. and Ozturk, Y. (2016)
Comparison of antiproliferative and apoptotic
effects of a novel proteasome inhibitor
MLN2238 with bortezomib on K562 chronic
myeloid leukemia cells, Immunopharmacology
and Immunotoxicology, 38(2), 87-97.
[23] Mensor, L., Menezes, F.S., Leitao, G.G., Reis,
A.S., dos Santos, T.C., Coube, C.S. and Leitao,
S.G. (2001) Screening of Brazilian Plant
Extracts for Antioxidant Activity by the Use of
DPPH Free Radical Method, Phytotherapy
Research, 15, 127±130.

Center. The authors declare no conflict of interest
concerning this article.

REFERENCES
[1] Khong, T., Thairu, N., Larsen, H., Dawson, P.,
Kiriakidis, S. and Paleolog, EM. (2013)
Identification of the angiogenic gene signature
induced by EGF and hypoxia in colorectal
cancer, BMC Cancer, 13,518.
[2] Hassan, L.E.A., Ahamed, M.B.K., Majid,
A.S.A., Baharetha, H.M., Muslim, N.S., Nassar,
Z.D. and Majid A.M.S.A. (2014) Correlation of
antiangiogenic, antioxidant and cytotoxic
activities of some Sudanese medicinal plants
with phenolic and flavonoid contents. BMC
Complementary and Alternative Medicine,
14,406.
[3] Chorawala, M.R., Oza, P.M. and Shah, G.B.
(2012) Mechanisms of anticancer drugs
resistance: an overview, Int J Pharma Sci Drug
Research, 1,01±09.
[4] Alpsoy, L., Orhan, F., Kotan, E., Agaray, G. and
Anar, M. (2011) Protective role of two lichens
in human lymphocytes in vitro, Fresen. Environ.
Bull., 20, 1661-1666.
[5] Aydin, E. abd Turkez, H. (2011b) Effects of
lichenic extracts (Bryoria capillaris, Peltigera
rafescens and Xanthoria elegans) on human
blood cells, cytogenetic and biochemical study,
Fresen. Environ. Bull., 20, 2085-2091.
[6] Chandra, P., and Arora, D.S. (2009) Antioxidant
activity of fungi isolated from soil of different
areas of Punjab, India, Journal of Applied and
Natural Science, 1(2), 123-128.
[7] Arora, D.S., and Chandra, P. (2010) Assay of
antioxidant potential of two Aspergillus isolates
by different methods under various physiochemical conditions, Brazilian Journal of
Microbiology, 41(3), 765-777.
[8] Radulovic, N., Stankov-Jovanovic, V.,
Stojanovic, G., Smelcerovic, A., Spiteller, M.
and Asakawa, Y. (2007) Screening of in
vitro antimicrobial and antioxidant activity of
nine Hypericum species from the Balkans, Food
Chemistry, 103(1), 15±21.
[9] Ben-Ami, R., Lewis, R.E., Leventakos, K. and
Kontoyiannis, D.P. (2009) Aspergillus
fumigatus inhibits angiogenesis through the
production of gliotoxin and other secondary
metabolites, Blood, 17, 114(26), 5393-5399.
[10] Misiek, M., and Hoffmeister, D. (2007) Fungal
Genetics Genomics and Secondary Metabolites
in Pharmaceutical Science, Planta Medica, 73,
103-115.
[11] Griffith, E.C., Su, Z., Niwayama, S., Ramsay,
C.A., Chang, Y. and Liu, J.O. (1998) Molecular
recognition
of
angiogenesis
inhibitors
fumagillin and ovalicin by methionine

6196

© by PSP

Volume 25 ± No. 12a/2016, pages 6190-6197

Fresenius Environmental Bulletin




halotolerant fungus Aspergillus variecolor. J.
Antibiot. 60, 10, 603-7.
[38] Xiao, Lin.; Liu, Haizhou.; Wu, Ning. (2013),
Characterization of the high cytochalasin E and
rosellichalasin producing-Aspergillus sp. nov.
F1 isolated from marine solar saltern in China,
World Journal of Microbiology and
Biotechnology, 29: 11-17.
[39] Guo, W.,Li,D., Peng, J.,Zhu,T., Gu, Q and Li,
D. (2015) 3HQLFLWROV $í& DQG 3HQL[DQDFLG $
from the Mangrove-Derived Penicillium
chrysogenum HDN11-24, J. Nat. Prod, 78,
í.
[40] Sepcic, K., Zalar, P., and Gunde-Cimerman, N.
(2011) Low water activity induces the production
of bioactive metabolites in halophilic and
halotolerant fungi, Marine Drugs, 9, 43-58.
[41] Gao, S. and Hu, M. (2010) Bioavailability
Challenges Associated with Development of
AntiCancer Phenolics, Mini-Reviews in
Medicinal Chemistry, 10(6), 550±567.

[24] George, B.P.A., Tynga, I.M. and Abrahamse, H.
(2015) In Vitro Antiproliferative Effect of the
Acetone Extract of Rubus fairholmianus Gard.
Root on Human Colorectal Cancer Cells.
BioMed Research International, Article ID
65037, 1-8.
[25] Masalu, R.J., Hosea, K.M. and Malendeja, S.
(2012) Free radical scavening avtivity of some
fungi indigenous to Tanzania, Tanzania Journal
of Health Research, 14, 1-8.
[26] Tadesse, S., Asres, K. and Veeresham, C.
(2007) Antioxidant Activities of three Rubus
species growing in Ethiopia, Ethiopian
Pharmaceutical Journal, 25, 103-110.
[27] Masoko, P. and Eloff, J.N. (2007) Screening of
twenty-four South African Combretum and six
Terminalia
species
(combretaceae)
for
antioxidant activities, African Journal of
Traditional, Complementary and Alternative
Medicine, 4, 231-239.
[28] Liu, J-K., Hu, L., Dong, Z-J. and Hu, Q. (2004)
DPPH Radical Scavenging Activity of Ten
Natural p-Terphenyl Derivatives Obtained from
Three Edible Mushrooms Indigenous to China,
Chemistry & Biodiversity, 1, 601-605.
[29] Finkel, T. and Holbrook, N.J. (2000) Oxidants,
oxidative stress and the biology of ageing,
Nature, 408, 239-247.
[30] Bauerova, K. and Bezek, A. (1999) Role of
reactive oxygen and nitrogen species in
etiopathogenesis of rheumatoid arthritis,
General Physiology and Biophysics, 18, 15-20.
[31] Halliwell, B. (1994) Free radicals, antioxidants,
and human disease: curiosity, cause, or
consequence? Lancet, 344(8924), 721-724.
[32] Pham-Huy, L.A., He, H. and Pham-Huy, C.
(2008) Free Radicals, Antioxidants in Disease
and Health, International Journal of Biomedical
Science, 4(2), 89±96.
[33] Murthy, N.K., Pushpalatha, K.C. and Joshi,
C.G. (2011) Antioxidant activity and
phytochemical analysis of endophytic fungi
isolated from Lobelia nicotianifolia, Journal of
Chemical and Pharmaceutical Research, 3(5),
218-225.
[34] Nanjo, F., Goto, K., Seto, R., Suzuki, M., Sakai,
M. and Hara, Y. (1996) Scavenging effects of
tea catechins and their derivatives on 1,1diphenyl-2 picrylhydrazyl radical, Free Radical
Biology & Medicine, 21(6), 895-902.
[35]
Ravindran,
C.,
Varatharajan,
G.R.,
Rajasabapathy, R., Vijayakanth, S., Kumar,
A.H. and Meena, R.M. (2012) A role for
antioxidants in acclimation of marine derived
pathogenic fungus (NIOCC 1) to salt stress,
Microbial Pathogenesis, 53(3-4), 168-179.
[36] Larson, R.A. (1998) The antioxidants of higher
plants, Phytochemistry, 27, 968-978.
[37] Wang W, Zhu T, et al., (2007) Two new
cytotoxic quinone type compounds from the

Received:
Accepted:

19.08.2016
22.11.2016

CORRESPONDING AUTHOR
Zerrin Canturk
Anadolu University
Pharmacy Faculty
Deparment of Pharmaceutical Microbiology
Eskisehir- TURKEY
E-mail: zkcanturk@anadolu.edu.tr

6197

© by PSP

Volume 25 ± No. 12a/2016, pages 6198-6201

Fresenius Environmental Bulletin





AN INVESTIGATION ON THE RADIOLOGICAL
CHARACTERS OF SPRING WATERS IN ZONGULDAK
PROVINCE (TURKEY)
Huseyin Aytekin1,*, Nazmi Bayraktaroglu2
1

Bulent Ecevit University, Department of Physics, 67100 Zonguldak, Turkey
2
Zonguldak High School of Science, 67100 Zonguldak, Turkey

various water samples in Turkey and several other
countries [1, 3-11]. However, any systematic data
evaluation for the radioactivity level of spring water
resources in the Zonguldak province was not made
before. In this study, to determine the gross Įand ȕ
activity concentrations and associated dose
equivalents in the water samples collected from the
spring water reservoirs in Zonguldak province a
survey was carried out.

ABSTRACT
In this study, to determine the radiological
characters of spring waters used as drinking water in
Zonguldak province a survey was carried out. Fortynine different water samples collected from the
water reservoirs were analyzed. To determine the
radioactivity level of the water samples the gross Į
and ȕ activity concentrations were measured by
using a gas flow proportional counter. The measured
gross Į and ȕ activity concentrations were found to
be from 2.9±0.8 to 170.5±41.7 mBq L-1 for alphas
and from 15.4±11.2 to 244.3±53.0 mBq L-1 for betas.
All the measured gross Į and ȕ activity
concentrations are lower than the limit values
recommended by the World Health Organization
(WHO).

MATERIALS AND METHODS
Zonguldak province is located between 41 º00¶
and 41º59¶ N latitude and between 31º29¶ and 32º 29¶
E longitude with a population of 595.907 as of 2015
and an area of 3.310 km2 (Figure 1). To measure the
gross Į and ȕ activities in spring water resources
forty-nine spring water samples were collected into
1.5 L plastic bottles from the water reservoirs in
central Zonguldak and its districts Kdz. Eregli,
Kozlu, Kilimli and Caycuma.

KEYWORDS:
Natural source waters, gross Į, gross ȕ, Zonguldak, Turkey

INTRODUCTION
Natural radioactivity in drinking water mainly
arises from primordial radionuclides 238U and 232Th
series and 40K. Consumption of drinking water
might result in increased exposure of radionuclides
in the water. The estimated global human exposure
from ingestion of drinking water is 0.3 mSvy-1 [1].
The Įand ȕ emitter radionuclides in drinking water
are absorbed into the blood and accumulated in
specific tissues that may damage [2]. Therefore, it is
important to determine the radiological characters of
drinking waters in order to control of the water
quality. The measurement of gross Į and ȕ activities
in drinking water attempts to estimate the
radioactivity level. This attempt also leads to
whether further analysis related to a specific
radionuclide is necessary [3]. Therefore, the
radiological character of drinking water should be
control by measuring the gross Į and ȕ activity
concentrations. Some references may be given for
determination of the gross Įand ȕ concentrations in

FIGURE 1
Locations map of Zonguldak province
(Turkey)
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(a)

(b)
FIGURE 2
Calibration curves for the Į(b) and ȕ (b) efficiencies

TABLE 1
Gross alpha and beta activity concentrations in spring waters in Zonguldak province (Turkey)
Places

Zonguldak
.G](UH÷OL
Kozlu
Kilimli
Çaycuma

Sample
Number
16
7
7
12
7

Min
2.9±0.8
5.1±3.1
4.1±1.4
9.4±2.8
11.3±11

Gross alpha (mBq L-1)
Max
Mean
74.4.0±30.6
22.5±8
123.3±47.5
33.2±12.3
170.5±41.7

25.3±8.4
11.4±5.1
30.7±11.1
22.2±8.1
68.1±23.9

SD

Min

20.4±7.8
6.7±1.9
41.6±16.3
7.8±3.8
52.9±12.2

15.4±11.2
23.7±11.9
20.8±6.5
19.6±3.6
40.2±16.5

The gross Į and ȕ activity concentration
measurements were made by the most widely
applied method EPA 900.0 [3, 12, 13]. Before
measurement, 1 N HNO3 was added to each sample
to ensure that pH to be 2 to preserve the samples.
Alpha and beta counts were made by using a
proportional Į and ȕ counter of low background
multiple detectors (Berthold LB 770). According to
the EPA 900 method a certain volume is needed to
be evaporated to obtain dry residue for the gross Į
and ȕ counting. For this aim, the samples were
moved to stainless steel counting planchets to be
evaporated to dryness at 105 ºC temperature. The
dried residues were weighed to be each of 60 mg and
counted for gross Įand ȕactivities. The calibration
of the system was made with standard solutions of
241
Am for alphas and 90Sr for betas, and the
efficiencies of the detectors were determined from
calibration curves (Figure 2 a, b) to be averagely
50% for betas and 20% for alphas.
The gross Į and ȕ activities were calculated in
unit of BqL-1 by the following formula [7]

AD , E ( Bq L1 )

N
,
HV 60

Gross beta (mBq L-1)
Max
Mean
126.5±12.5
98.4±13.5
210.9±65
98.0±14.7
244.3±53

SD

59.0±13.3
53.5±8.5
69.6±18.2
59.2±11.8
100.6±29.6

35.6±8.1
24.8±3
65.6±20.8
29.7±5.7
67.9±15.5

detectable activity (MDA) was calculated by the
following formula [1]

MDA Bq L-1

2.71  4.65 CrB t
Vt H 60

,

(2)

where CRB is the background count rate (in cpm) and
t is counting time (in min). The sample and
background counts were made for 900 min and 1000
min, respectively. The calculated MDA values were
1.7 mB L -1 for alphas and 2.4 mB L -1 for betas.

RESULTS AND DISCUSSION
The measured gross Į and ȕ activity
concentrations are varied from 2.9±0.8 to
170.5±41.7 mBq L-1 and from 15.4±11.2 to
244.3±53.0 mBq L-1 (Table 1). Generally, gross ȕ
activities are higher than Įactivities, and there is a
positive correlation (R=0.52) between the gross Į
and ȕ activity concentrations (Figure 3).
All the measured activity concentrations are
lower than the limit values 500 mBq L-1 for alphas
and 1000 mBq L-1 for betas, which are recommended
for drinking waters by WHO [14]. Therefore, the
radiological characters of our water samples are
acceptable for drinking and any further analysis is
not necessary for a specific radionuclide.
Comparison of the gross Į and ȕ activity
concentrations with the published results in Turkey
and the World is given in Table 2. As seen in Table

(1)

where, AD , E is the gross Įȕ activity, N is net
counting rate (in cpm), ѓ is counting efficiency (%),
V is volume of sample (in L) and 60 is conversion
factor from minute to second. The minimum
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consumption of water for an adult in a year
(730 L) [14]. IDF is effective dose equivalent factor
(3.58x10-7 SvBq-1) for the gross alpha given by
USEPA [15]. The calculated DRw values for the
water samples are given in Table 3. The DRw values
were found to be from 1.5 μSv y-1 to 89.1 μSv y-1.
These values are lower than the recommended
reference value of 100 μSv y-1 given by WHO [14].

2, the activity concentration values are generally
comparable to the data from other published results
from Turkey and the other countries.
To calculate the total annual effective dose the
following formula was used given by USEPA [3,
15]:
DRw = Aw × IRw × IDFx2 (for both Į and ȕ) (3)
In above Eq. the DRw is annual effective dose
equivalent; Aw is the gross alpha activity and Irw is


  ! "   


 

 

 













        


 ! "   

FIGURE 3
Correlation between the gross alpha and beta activity concentrations
TABLE 2
Comparison of the gross alpha and beta activity concentrations in spring water samples in Zonguldak
province (Turkey) with the other published results from Turkey and the World

Country
Samsun (Turkey)
Nevsehir (Turkey)
Adana (Turkey)
Artvin (Turkey)
Hatay (Turkey)
Eregli (Turkey)
Hungary
Nigeria
Ghana
Romania
Zonguldak (Turkey)
WHO

Gross alpha
(mBq L-1)
51.9
192
9.6
46
36.7
17
26-1749
6.4-18.2
34
21.3
2.9-170.5
500

Gross beta
(mBq L-1)
77.8
579
86
91
116.4
29
33-2015
46-126
501
100.3
15.4-244.3
1000

Ref.
[1]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
Present study
[14]

TABLE 3
Annual effective dose equivalents in the spring water samples in Zonguldak province (Turkey)

Places
Zonguldak
Kdz. Eregli
Kozlu
Kilimli
Caycuma

Annual effective dose equivalents (μSv y-1)
Min
Max
Mean
SD
1.5
38.9
13.2
10.7
2.7
11.8
6
3.5
2.1
64.4
16
21.7
4.9
17.4
11.6
4.1
5.9
89.1
35.6
27.7
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[8] Jobbagy, V., Kavasi, N., Somlai, J. P.,
Dombovari, C., Gyongyosi, T. and Kovacs, T.
(2011). Gross alpha and beta activity
concentrations in spring waters in Balaton
Upland, Hungary. Radiation Measurement 46
(1), 159-163.
[9] Ogundare, F. O. and Adekoya, O. I. (2015).
Gross alpha and beta radioactivity in surface soil
and drinkable water around a steel processing
facility. Journal of Radiation Applied Sciences
8 (3), 411-417.
[10] Nguelem, E.J.M., Darko, E. O., Ndontchueng,
M.M., Schandorf, C., Akiti, T.T., Muhulo, A.P.,
Bam, E.K.P. (2013) Natural radioactivity by
gross alpha and gross beta measurements in
groundwater from Greater Accra, Ghana.
Radiation Protection and Environment 36(1),
14-19.
[11] Pentile, V., Ene, A., Georgescu, L.P., Mararu,
L., Iticescu, C. (2016) Measurements of gross
alpha and beta activity in drinking water from
Galati region, Romania. Romanian. Reports in
Physics 68 (3), 1208-1220.
[12] Jankovic, M. M., Sarap, N. B., Pantelic, G. K.,
Todorovic, D. J. (2015) Comparison of two
different methods for gross alpha and beta
activity determination in water samples. Open
Chemistry 13 (1), 668±674.
[13] EPA (1980) Prescribed Procedure for
Measurement of Radioactivity in drinking
Water; EPA-600/4-80-032; Method 900.0.
[14] WHO (2011) Guidelines for Drinking Water
Quality, Fourth Ed. World Health Organization,
Geneva.
[15] USEPA (1988) United States Environmental
Protection Agency federal guide report No: 11.
Limiting values of the radionuclide intake and
air concentration and dose conversion factors
for inhalation. Submersion and Ingestion EPA
520/1-88-020 Washington, USA.

CONCLUSION
In this work, we have measured the gross alpha
and beta activity concentrations in forty-nine
different spring water samples in central Zonguldak
and its districts of Caycuma, Eregli, Kilimli and
Kozlu (Turkey). All the measured gross Į and ȕ
activity concentrations were found to be lower than
the limit values given by WHO. As a conclusion, the
spring water samples in our region have a good
quality in radiological aspect. It was also concluded
that outcomes of this study will be the data base
which may be used to monitor possible changes in
the radioactivity levels of the spring water resources
in the region.
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EXPERIMENTAL INVESTIGATION OF
TRIHALOMETHANES REMOVAL IN CHLORINATED
DRINKING WATER SOURCES WITH CARBON
NANOMATERIALS
Kadir Ozdemir*
Department of Environmental Engineering, Bulent Ecevit University, Incivez, 67100 Zonguldak, Turkey.

with natural organic matter (NOM), disinfection
byproducts (DBPs) form [4-6]. Of the DBPs formed
in chlorinated water, trihalomethanes (THMs)
represent a significantly high fraction of these
chlorination by-products. Also, these products may
have adverse health effects on human beings and are
considered
potentially carcinogenic
[7-14].
Therefore, many countries have established strict
regulations to control these disinfection byproducts
[15-18]. For instance, the United States
Environmental Protection Agency (USEPA) has set
a maximum contamination level of 80 μg/L for
trihalomethanes and 60 μg/L for five haloacetic
acids; and the European Community regulates the
levels
of
four
brominated/
chlorinated
trihalomethanes
(chloroform,
dichlorobromomethane, dibromochloromethane and
bromoform) often called total trihalomethanes
(TTHMs) at 100 μg/L [19]. Furthermore, the
trihalomethane limit in Turkey is 100 μg/L (as total
trihalomethanes) [20]. Due to the adverse health
effects on humans, several treatment alternatives
have been proposed and developed to achieve the
removal of DBPs from drinking waters.
Activated carbon adsorption, coagulation,
electrocoagulation and biosorption have been used
for the removal of DBPs like THMs. Nevertheless,
these methods [21, 22] suffer from high cost and the
removal efficiency was significantly small. For
example; due to the low adsorption affinity for low
molecular weight polar organic matter, the use of
activated carbon has an important drawback. On the
other hand, the coagulation process has been used
widely in water treatment applications. Natural
organic matter (NOM) and DBPs in water sources
have often been removed with aluminum sulfate
(Alum) or ferric chloride; enhanced coagulation,
whereby a higher dose of coagulant is used, is also a
common procedure [23, 24]. Although it was very
simple and easy to operate, DBPs and NOM cannot
be effectively removed with the coagulation process
alone [25, 26]. In recent years, nanotechnology has
introduced different types of nanomaterials to the
water industry that may have promising outcomes.
Nanosorbents such as carbon nano tubes (CNTs),

ABSTRACT
In recent years, carbon nanomaterials have
been used widely in water treatment technology.
This study investigates to the removal of THMs from
chlorinated drinking water sources by combined
coagulation process using single-walled carbon
nanotubes (SWCNTs) and multi-walled carbon
nanotubes (MWCNTs). Terkos Lake water (TLW),
Buyukçekmece Lake water (BLW) and Ulutan Lake
water (ULW) were used as drinking water source in
this study. Conventional coagulation using
aluminum sulfate (alum) and ferric chloride (FeCl3)
was also conducted using TLW, BLW and ULW
samples. Also, the chlorination of raw water samples
within a reaction time of 168 hours was conducted in
accordance with Standard Methods 5710 B. The
maximum removal percentages of TTHMs (92%)
was observed with combined SWCNTs and FeCl3 in
chlorinated TLW, followed by BLW (82%) and
ULW (78%). In BLW and ULW, TTHMs removal
(86% and 83%) was highest when using FeCl3
+MWCNTs. The TTHMs removal was lowest in
ULW (39% for Alum and 45% for FeCl3). On the
other hand, the removal of TTHMs increases in the
acidic pH levels whereas decreases alkaline pH
levels. In the meantime increases the ionic strength
result in decreasing the TTHMs removal for
chlorinated three water sources. The results reveal
that combined
coagulation using carbon
nanomaterials is effective for the removal of THMs
from various types of chlorinated water source
waters.

KEYWORDS:
Chlorination; Trihalomethanes;
Coagulation; Water Treatment.

Carbon

Nanotubes;

INTRODUCTION
Chlorination has been widely used for
disinfection in many countries to destroy waterborne
pathogenic organisms [1-3]. As the chlorine reacts
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polysaccharides modified nanotube's properties and
overall behaviors [45]. This may cause
homoaggregation and heteroaggregation of
nanotubes leading to different toxicity phenomena
for living organisms. The toxicity of well-dispersed
CNTs is less compared to that of CNT agglomerates
[35].
Nevertheless, several methods could be applied
to remove environmental CNTs. Firstly; membrane
filtration has been used for eliminating CNTs from
solution [46]. In filtration, a solution containing
CNTs is allowed to pass through a membrane.
However, the major challenge that one can consider
is membrane pore size, which should be less than the
nanotube size. Secondly, ultracentrifugation can be
used for precipitating CNTs from the solution. Here
a solution of CNTs is rotated at high speed in a vessel
and the particles move freely within the solution by
an external field of acceleration caused by the ultracentrifugal field, resulting in by CNT precipitation.
Thirdly, the simple coagulation technique has been
found to be effective to recollect CNTs after use [47].
However, this has some difficulties. For instance, the
smallest size CNTs do not precipitate or settle under
normal gravity force. According to the Health and
Safety Executive (HSE) [55], waste containing
CNTs must be classified and labeled as hazardous
waste. Therefore, after purification of CNTs used in
experimental studies, the CNT waste must be sealed
carefully using double layers of polyethylene bags.
Combustion of waste containing CNTs is preferred,
as pyrolysis above 500qC completely oxidizes the
CNTs.
Although many studies have focused on CNTs
and their adsorption properties, there are a limited
number of articles about the removal of halogenated
compounds like THMs from the aquatic
environment by using nanoparticles as adsorbent
materials. For example; Long and Yang [48]
reported that significantly higher dioxin removal
efficiency was found with CNTs than with activated
carbon. Bina et al. [49] determined that the removal
efficiency for ethylbenzene using single-walled and
multi-walled carbon nanotubes and hybrid carbon
nanotubes and to rank their ethylbenzene removal
abilities. Hu et al. [51] investigated the adsorption
process of roxarsone on multi-walled carbon
nanotubes (MWCNTs), such as adsorption kinetics,
thermodynamics, and the effects of various
experimental parameters providing a potential
solution to the roxarsone and other organometallic
compounds in contaminated wastewater. Peng et al.
[50] indicated that CNTs are good adsorbents to
remove 1,2-dichlorobenzene from water and can be
used in a wide pH range of 3±10. Chen et al. [52]
investigated the adsorption of chlorophenols on
pristine and functionalized SWCNTs (hydroxylated
SWCNTs
(SWCNT-OH)
and
carboxylated
SWCNTs (SWCNT-COOH). Lu et al. [53]
investigated the effect of temperature change in the

polymeric materials (e.g. dendrimers) and zeolites
have exceptional adsorption properties; and are
applied for the removal of heavy metals, organics
and biological impurities [27]. In other words, the
applications of CNTs for NOM and removal of
chlorinated organics have been developed to replace
or enhance conventional treatment processes in
recently. Further, CNTs strongly adsorb many of
these polar organic compounds due to the diverse
contaminant
CNT
interactions
including
hydrophobic effects, pep interactions, hydrogen
bonding, covalent bonding, and electrostatic
LQWHUDFWLRQV >@ 7KH Ȇ-Ȇ HOHFWURQ-rich CNT
surface allows pep interactions with organic
molecules with C-C bonds or benzene rings, such as
polycyclic aromatic hydrocarbons (PAHs) and polar
aromatic compounds [29, 30]. CNTs are relatively
new adsorbents for adsorption of trace pollutant from
water.
The industrial production and rapidly emerging
potential applications of CNTs in many fields,
including water treatment and purification, are a
welcome discovery. However, this may be offset by
the concern that CNTs are toxic and may become a
new class of hazardous pollutants that threaten
human health. The release of CNTs into the
environment could have harmful impacts on our
natural ecosystem [31]. Furthermore, there are
concerns that CNTs may interfere or damage DNA,
and could have harmful effects on organs if
introduced into the body [32, 33]. Also, the toxicity
of CNTs on mammalian cells is a function of
physical dimension of the tubes [34, 35], physical
state of the tubes, i.e. whether dispersed or
agglomerated [35], presence of amorphous
impurities in CNTs and type of treatment of as
prepared CNTs [34, 36]. Interactions between CNTs
and NOM are likely to alter trends in DBP formation.
In addition to direct reaction with chlorinebased disinfectants, CNTs are likely to influence
DBP production through their ability to concentrate
NOM on their surfaces through sorption [37, 38].
Thus, it is reasonable to expect that these same
surface functionalities may also react with chemical
disinfectants to yield undesirable by-products, with
potentially adverse effects on human health. Many of
them have been classified as possible human
carcinogens and have been regulated by several
international regulatory agencies worldwide [39,
40]. In the meantime, environmental CNTs could be
defined as those nanotubes which have leaked from
a water purification column during operations and
subsequently been transported into the surrounding
water, soil and air. For example; nanomaterials can
react with humic acids resulting in nanoscale
coatings [41], which are comparable to protein
coronas in mammalian systems [42]. This strongly
modifies CNT aggregation, deposition, and toxic
properties [43, 44]. Interactions of CNTs with other
biomolecules such as humic substances and
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out by using a Phipps and Bird six-paddle jar test
apparatus. The jars were round beakers with 1-L
capacity. Rapid mixing was at 150 rpm for 2 min;
flocculation was carried out at 40 rpm for 30 min.
The ferric chloride and alum was consistently used
for THMs removal at similar dosages as coagulant.
On the other hand, the coagulant dose was varied in
accordance with the NOM content of the source
water, related to hydrophobicity. Source waters with
low organic content, including ULW, and BLW, and
those with high organic content, including, TLW
were treated with coagulants in the ranges of 0±100
mg/L and 0±50 mg /L, respectively. For low SUVA
waters, the optimal coagulant was 80 mg/L, while the
optimal dose in high SUVA waters was 50 mg/L.
Once the jar tests were completed, the treated water
samples were collected and passed through 0.45 ȝPmembrane filters for DOC and THM analysis.

range 5±35 °C (in 10 °C increments) on the
adsorption of THMs from chlorinated drinking water
by HNO3/H2SO4 purified MWCNTs.
The present study is the first attempt in Turkey
to investigate to the removal of TTHMs from
chlorinated drinking water sources by a combined
coagulation process using CNTs. Single - walled
carbon nanotubes (SWCNTs) and Multi ± walled
carbon nanotubes (MWCNTs) will be used as CNTs
for investigating to the removal efficiency of
TTHMs in the coagulation process. Conventional
coagulants (Alum + FeCl3) will also be investigated
for comparison. Three major potential drinking
water sources were used in this study. Terkos Lake
and Buyukçekemece Lake are the main surface water
sources for Istanbul, providing nearly 1 million m3
raw water to the drinking water treatment plants.
Ulutan Lake is another drinking water source that
provides nearly 35,000 m3 of raw water to the
drinking-water treatment plant of Zonguldak city,
Turkey. Each of these raw water types consists of
varying water quality characteristics, including
conductivity, pH, UV254 (Ultraviolet absorbance at
254 nm) TOC (Total organic carbon) and SUVA
(Specific ultraviolet absorbance) which have the
potential to influence the removal of THMs. In this
study, removal mechanisms and ideal water
conditions for maximum THMs removal will be also
discussed. The novelty of this study is to remove
THM compounds in chlorinated water sources by a
combined coagulation processes using SWCNTs and
MWCNTs.

Purified CNTs. One gram of raw CNTs was
dispersed into a 100-ml flask containing 40 ml of
mixed acid solutions (30 ml of HNO3 +10ml of
H2SO4) for 24 h to remove metal catalysts (Ni
nanoparticles). After cleaning, the CNTs were again
dispersed in a 100-ml flask containing 40 ml of the
mixed acid solutions, which were then shaken in an
ultrasonic cleaning bath (Branson 3510 Ultrasonic
Cleaner, Connecticut, USA) and heated at 80 °C in a
water bath for 2 h to remove amorphous carbon.
After cooling to room temperature, the mixture was
filtered with a 0.45-μm glass-fiber filter, and the
solid was washed with deionized water until the pH
of the filtrate was 7. The filtered solid was then dried
at 80 °C for 2 h to obtain the purified CNTs. This
procedure for purifying CNTs has been used by other
researchers in previous CNT studies [54]. After
purifying the CNTs, a simple coagulation process
with application of Alum was used for precipitating
CNTs from the solution and thus, CNTs particles
were recollected. Then, the residual CNT waste was
sealed carefully using double layers of polyethylene
bags and transported to solid waste incineration
plants with other hazardous wastes from the
laboratory [55].

MATERIALS AND METHODS
Source water and sampling. During this
study, water samples were taken from Terkos Lake
water (TLW) and Buyukçekmece Lake water (BLW)
in Istanbul city and also Ulutan Lake water (ULW)
in Zonguldak city, Turkey. The sampling was done
in all four seasons from 2014 to 2015 (with seasons
starting in September 2014, January 2015, May
2015, and August 2015). Approximately 1 million
m3 of drinking water per day is provided by the TLW
and BLW reservoirs in Istanbul. In addition, ULW is
a reservoir that provides nearly 35,000 m3 of raw
water to the drinking-water treatment plant of
Zonguldak. Raw water samples were collected as a
grab sample, shipped to the laboratory on the same
day and kept in the dark in a refrigerator at 4 °C to
retard biological activity prior to use.

THMFP procedure. Samples of filtered raw
and coagulated-settled, filtered water obtained from
the jar tests were used in the THMFP tests. THMFP
was measured according to the Standard Methods for
the Examination of Drinking Water [56]. The pH of
all water samples was adjusted to 7.0 (±0.2) with
phosphate buffer. Reactions were performed in
headspace free vials and in the absence of light.
Chlorine solution was added at a dose that produced
a free chlorine concentration of 1±2 mg/L as Cl2 after
a reaction time of 7 day at 25 °C. After seven days,
the residual chlorine and THM concentrations were
determined.

Coagulation procedure. Prior to the jar test,
stock solutions containing 5,000 mg/L of the
SWCNTs and MWCNTs were prepared by adding 1
g of the CNTs to 200 mL of DI water and stirring
with a magnetic stirrer at 600 rpm. The applied
coagulant doses ranged from 0 to 100 mg/L.
Coagulation of TLW, BLW and ULW was carried

Chlorination procedure. Chlorination of raw
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quality parameters in surface water supplies of
Istanbul and Zonguldak city in Turkey The ranges
throughout the year were as follows: pH: 7.43±8.43;
Turbidity: 1.6±13.5 NTU; Conductivity: 250±685
μS/cm; Total hardness: 101±179 mgCaCO3/L;
Bromide: 60±250 μg/L, and temperature: 5.4±25.3
°C. The NOM surrogate parameters TOC, UV254,
SUVA, and trihalomethane formation potential
(THMFP) had ranges of 3.87±6.42 mg/L, 0.07±0.17
cm-1, 1.85±3.14 L/mg.m, and 169.5±389.2 μg/L,
respectively. As can been seen in Table 1, the highest
UV254 absorbance was observed in Terkos Lake
Water (TLW) (0.17 cmí1), followed by
Buyukcekmece Lake Water (BLW) (0.16 cmí1),
while Ulutan Lake Water (ULW) showed the lowest
level of UV254 absorbance value of 0.07 cmí1. On the
other hand, the highest SUVA value (the ratio
UV254/DOC of water) was observed in TLW (3.14
L/mg.m), BLW (2.54 L/mg.m), and ULW (2.48
L/mg.m), respectively. SUVA has been found to be
a good predictor of the carbon aromaticity content of
the NOM and DBP formation in water [58]. SUVA
values of about 4±5 L/mg m represent highly
aromatic NOM [59]. On the other hand, Ozdemir et
al. [60] have found that the THMs yields increased
during chlorination as SUVA values increased.
Similarly, the maximum THMFP concentration was
measured to be 389.2 μg/L in chlorinated TLW, due
to the highest SUVA value (3.14 L/mg.m). Besides,
the THMFP values of BLW, and ULW were detected
LQDQGȝJ/UHVSHFWLYHO\$VVKRZQLQ
Table 1, the highest bromide concentration (0.25
mg/l) was observed in BLW. Previous studies in this
region indicated that the BLW source is located near
the Marmara Sea coastlines, and therefore, usually
there is some sea water intrusion to this water source
[56]. Bromide concentration in BLW was followed
by TLW (0.12 mg/L), and ULW (0.09 mg/L),
respectively.

water samples was conducted in accordance with
Standard Methods 5710 B [57]. Before chlorination,
sample pH values were adjusted to 7 by addition of
HCl or NaOH solution as appropriate. The
chlorinated samples were placed into 125 mL amber
glass bottles with polypropylene screw caps and TFE
faced septa. The chlorination process was conducted
for a given chlorine dosage (10 mg/L), fixed pH (pH
7), and room temperature (20 °C). After chlorination,
the water samples were incubated at 20 °C for the
desired contact time (168 h). At the end of the
reaction period, a quenching agent (sodium sulfite
solution) was added to each of the chlorinated water
samples for the analysis of THM formation.
Analytical procedure. All water samples were
analyzed based on procedures described in the
Standard Methods [57]. All standard solutions were
prepared in ultra pure water (Sartorius Co.,
Germany). Further, raw water samples were filtered
XVLQJ  ȝP FHOOXORVH DFHWDWH ILOWHUV EHIRUH
analyses and chlorination. DOC analysis was
conducted by the high temperature combustion
method according to 3510B using a Shimadzu5000A TOC analyzer equipped with an auto-sampler
[57]. The minimum quantification limit of the
analyzer was 0.1 mg/l. UV254 absorbance readings
were carried out by a Shimadzu 1601 UV Visible
spectrophotometer at a wavelength of 254 nm [57].
THM measurement was conducted using EPA
Method 551.1 of liquid±liquid extraction (LLE) with
pentane [18]. For Haloacetic acids (HAAs) analysis,
EPA Method 552.3 acidic methanol esterification
was performed [18]. THM calibration standards
were prepared using certified commercial mix
solutions (AccuStandard, Inc., purity N99%). The
four
THM
species
were
chloroform,
bromodichloromethane,
dibromochloromethane,
and bromoform. Both THM and HAA analyses were
performed with the HP 6890 Series II Gas
Chromatograph equipped with a micro Electron
Capture Detector (GC-ȝ(&'  $ FDSLOODU\ FROXPQ
of DB-  Pî PP ,'î ȝP - :
Science) was used. Injections of samples were made
in split/ splitless mode, with helium as carrier gas and
nitrogen as makeup gas.

Seasonal variations of THM formation
potentials in water reservoirs. Figure 1 shows the
seasonal variation of THM formation potential in
chlorinated TLW, BLW and ULW, for a reaction
time of 168 hours. For all water studied, the average
highest THM concentrations were observed in
winter season, while the lowest THM concentrations
were obtained in summer season. It was concluded
that seasonal variations of THMs concentration were
dependent on the changes in NOM content and
characteristics of water sources. A higher DOC level
is associated with more THMs.

RESULTS AND DISCUSSION
Characterization of the raw water quality.
Table 1 presents the average measured raw water
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TABLE 1
Physicochemical characteristics of Ulutan raw water samples.
Terkos
Lake Buyukçekmece Lake Ulutan
Lake
Water (TLW)
Water (BLW)
Water (ULW

Parameters

Units

pH
Turbidity
Conductivity
Total Hardness
Alkalinity
Temperature
BrTOC
UV254
SUVA
THMFP

Range
7.52-8.33
NTU
2.1- 13.5
μS/cm
390-685
mgCaCO3/L 101-162
mgCaCO3/L 83-132
°C
6.3-25.3
mg/L
0.08-0.12
mg/L
4.12-6.42
cm-1
0.08-0.17
L/mg.m
2.88-3.14
μg/L
200.1-389.2

Range
7.44-8.43
1.6-7.3
375-575
110-179
97-163
5.8-24.6
0.14-0.25
3.87-5.92
0.075-0.16
1.85-2.54
181.1-302.6

Range
7.43-8.12
3,1- 6.4
312-530
105-165
82-145
5.4-23.8
0.06-0.09
4.01-5.87
0.07-0.15
1.88-2.48
169.5-277.8

'##
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FIGURE 2
Seasonal variations of DOC levels for water
supplies.

FIGURE 1
Seasonal variations of THM formation for three
water sources.

On the other hand, the formation of THM
species in chlorinated TLW, BLW and ULW
samples is demonstrated in figure 3. As shown Fig.
3, chloroform (CHCl3) was the dominant species
among the four THM compounds for chlorinated
TLW, BLW and ULW samples. The maximum
concentration of CHCl3 in chlorinated raw water
samples was observed in TLW samples to be 255.6
μg/L, followed by ULW and BLW samples as
168.69 μg/L and 120.82 μg/L, respectively. On the
other hand, due to the moderate concentration of
bromide ions (250 μg in BLW), the concentrations
of
dichlorobromoform
(CHClBr2)
and
dibromochloroform (CHCl2Br) were higher than that
of CHCl3 for BLW within the reaction time of 168.
These results have also shown that the chlorination
of high levels of bromide-containing water modifies
the chlorination process, i.e., bromide is rapidly
oxidized to bromine and directly affects the
formation and distribution of trihalomethane species.
As shown in Fig. 4, Bromoform (CHBr3) has the
lowest concentration within the other trihalomethane
species in all water samples. Although the maximum
CHBr3 concentration was measured to be 5.99 μg/L
in chlorinated BLW within the reaction time of 168h,
TLW and ULW showed the concentrations ranging
from 1.36 to 0.45 μg/L. Also, these results are
confirmed by several studies [66-68].

As shown in Fig. 2, an increase of TOC
concentrations was observed during the fall and
winter season in general. These observations indicate
that the type of NOM present in any particular water
source can vary seasonally owing to stormwater
runoff after rainfall events, snowmelts in
mountainous regions, or extreme weather events
such as flooding and droughts, thus complicating its
removal [61-63]. On the other hand, a high SUVA
value indicates that the organic matter is largely
composed of hydrophobic, high MM organic
material. 999
A low SUVA value indicates that the water
contains mainly organic compounds which are
hydrophilic, of low MM and have low charge density
[64, 65]. For the current study, TLW, BLW and
ULW samples contain mainly organic compounds
which are hydrophilic in the summer season as 2.37
L/mg.m. 2.12 L/mg.m and 1.88 L/mg.m,
respectively. Nevertheless, in winter, NOM in TLW
(3.14 L/mg.m), BLW (2.64 L/mg.m) and ULW (2.49
L/mg.m) was composed of high molecular weight
material and were more hydrophobic than the other
seasons. Also, The NOM found in the natural water
samples represents medium-molecular-weight NOM
and is somewhat hydrophobic, based on its low
SUVA254 value in fall and spring seasons.
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was determined in TLW samples with the SUVA
level of 3.14L/mg.m. On the other hand, for three
chlorinated water sources, the addition of Alum
yielded a significiant removal (>15%) of TTHMs.
The removal percentage of TTHMs was recorded in
80% or higher in TLW. Similar trends were
observed in ULW and BLW. Several previous
studies have shown that as comparing the
effectiveness of the Alum and FeCl3, FeCl3 is more
effective than alum because of the higher charge
density of ferric coagulants [75]. After the
conventional coagulants have been applied with
SWCNTs, the removal ratio of TTHMs increased for
three water sources.
With the addition of alum, the removal
percentages of TTHMs remained constant at
SWCNT doses of 50 mg/L or greater, with 85% for
TLW, 72% for BLW, 76% and 73% for ULW
(Figure 4). With the application of FeCl 3, the
removal percentages of TTHMs became consistent
at SWCNT doses greater than 50 mg/L were 92% in
TLW, 82% in BLW and %78 in ULW, respectively.
The greatest percentage of TTHMs removal was
determined in TLW (>90%) with combined
coagulation by FeCl3. On the other hand, the lowest
percentage of TTHMs removal using combined
coagulation with SWCNTs was observed in ULW
(73%), followed by BLW (76%). These results have
demonstrated that since the aromatic portion of
NOM was compared to that of the hydrophilic
portion during the coagulation process, TLW had the
higher ratio of TTHMs removal. This finding is also
confirmed by other published research [69-70].

&
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FIGURE 3
Formation of THM species in three chlorinated
water sources.
TTHMs removal by coagulation using
SWCNTs. Figure 4 compares the removal of
TTHMs by increasing doses of SWCNTs with the
addition of conventional coagulants for three
chlorinated water sources in the jar-testing
procedure. As can be seen in Figure 4, among the
chlorinated water samples, the largest percentage of
maximum TTHMs removal using only SWCNTs
was
observed in TLW (72%) followed by
BLW(66%), and ULW (63%) within the reaction
time of 168 hours. As mentioned, the highest
TTHMs removal was accounted for by the optimum
SWCNTs dose of 50 mg/L in chlorinated TLW
water, while the BLW and ULW samles had the
lower removal efficiency. This outcome is explained
that since the hydrophobic content of NOM
contained more activated carbon structures than the
hydrophilic content, the highest TTHMs removal

FIGURE 4
Removal of TTHMs by SWCNTs using jar test for (a) TLW, (b) BLW, (c) ULW.
Optimum coagulant dose = 50 mg /L.
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FIGURE 5
Removal of TTHMs by MWCNTs using jar test for (a) TLW, (b) BLW, (c) ULW.
Optimum coagulant dose = 50 mg /L.
coagulation processes. Figure 6 compares the
removal percentages of TTHMs using only
conventional and combined coagulation processes.
For three chlorinated water sources, high TTHMs
removal percentages (>90%) were observed when
using the combined coagulation. Higher TTHMs
removal was observed when using only FeCl3 than
with alum. Altough the TTHMs removal percentages
were low for both alum (42%) and FeCl3 (49%) in
BLW, high TTHMs removal (86%) was observed
using MWCNTs and FeCl3. Similar trend was
determined in ULW (Fig.6). The highest TTHMs
(92%) removal was obtained by combining
coagulation with FeCl3 +SWCNTs, in TLW. This
outcome has shown that THMs generating with
chlorination of hydrophobic NOM in TLW was more
easily removed by SWCNTs than by MWCNTs,
whereas THMs including hydrophilic NOM in BLW
and ULW than in TLW was more easily removed by
MWCNTs than by SWCNTs. On the other hand,
TTHMs removal in ULW was lower than in other
sources with removal percentage of 39% when alum
was used, while it was 46% when FeCl3 was used.
The use of FeCl3 with CNTs provided the highest
removal percentage of TTHMs in TLW (92% and
77%), followed by in BLW (82% and 86%) and in
ULW (78% and 82%). The ionic strength of the
source waters plays an important role in THMs
removal by CNTs. Several studies have found that
increases in the ionic strength result in increased
NOM adsorption, which could be caused by changes
in the physical and chemical properties of NOM with
CNTs [72].

Removal of TTHMs by MWCNTs. Figure 5
shows the removal percentage of TTHMs by
increasing doses of MWCNTs, with conventional
coagulants during jar-testing.
As shown in Fig. 5, the removal ratio of
TTHMs was lower in TLW using only MWCNTs
(68%) than those using SWCNTs (72%). Also,
maximum TTHMs removal was slightly higher in
BLW (73%) and in ULW (70%) using only
MWCNTs than when using SWCNTs being nearly
66% and 63%, respectively. This observation
revealed that the hydrophobic NOM detected in the
majority of the source waters used in this study was
more easily removed by SWCNTs than by
MWCNTs, while the hydrophilic NOM detected in
BLW and ULW was more easily removed by
MWCNTs than by SWCNTs. Previous studies have
shown that NOM with low molecular weights are
difficult to remove using adsorption [71]. On the
other hand, three source waters experienced
increases in the percentage of TTHMs removal
during coagulation when FeCl3 and Alum was used.
Also, increases in TTHMs removal were observed
for TLW, BLW and ULW with the application of
chemical coagulants. For example; the sole use of
Alum provided the highest removal percentage of
TTHMs from TLW (51%), followed by the
combined use of alum and MWCNTs (68%). A
similar trend was observed for TTHMs removal
using FeCl3, in which coagulation only and its
combined use with MWCNTs produced the highest
TTHMs removal (59%), followed by the use of
MWCNTs (77%) (Fig.5).
Comparing of removal efficiencies between
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FIGURE 6
Comparison of TTHMs removal using conventional coagulation (only alum and FeCl3)
and combined coagulation processes. Optimum alum and FeCl3 dose = 80 mg/L and optimum
combined coagulant dose = 50 mg/L.

FIGURE 7
Effect of pH on the removal of TTHMs by a.) SWCNTs, b.) MWCNTs.
similar trend for SWCNTs and MWCNTs. This can
be explained by the SWCNTs and MWCNTs
employed have been purified by acid solution to
develop their properties which can enhance the
resistance of SWCNTs and MWCNTs to acid
environment. On the other hand, the removal of
TTHMs decreases for alkaline pH levels. This result
is due to the fact that more oxygen containing groups
on the CNTs surface are ionized at higher pH values.
This finding is also confirmed by the results of Peng
et al. [50]. For example; the removal percentage of
TTHMs for all chlorinated water sources increased
to the range of 15 to 25 in the acids pH values (pH 3
to pH 6) whereas the removal of TTHMs decreased
gradually the range of 20 to 30 at higher pH values.
The ionic strength of the source waters plays an
important role in THMs removal by CNTs. Several
studies have found that increases in the ionic strength
result in increased NOM adsorption, which could be
caused by changes in the physical and chemical
properties of NOM with CNTs [72]. On the other
hand, there have been few studies to investigate the
effect of ionic strength on the

Compared to the water sources, the significant
increase in the removal capacity of the MWCNTs
detected in ULW could be the result of the ionic
strength. The ionic strength in ULW (conductivity =
684 mS/cm) is higher than that of TLW (conductivity
=611 mS/cm) and BLW (conductivity= 511 mS/cm).
Therefore, the increasing ionic strength generally
resulted in increased DOC removal with MWCNTs.
Moreover, the higher ionic strength resulted in
reduced electrostatic interactions with the CNTs.
Thus, MWCNTs are more effective in the removal
of the hydrophilic portion of NOM. These
observations are consistent with other studies on
removal of NOM [76, 77].
The effects of pH and ionic strength on
coagulation by CNTs. Figure 7 shows the effects of
pH on removal of TTHMs by coagulation for
chlorinated water sources within a reaction period of
168 hours. It is obvious that the removal of TTHMs
on SWCNTs and MWCNTs increases slightly in the
pH range of 3-6. As can be seen Fig. 7, the changes
of TTHMs removal as a function of pH shows a
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FIGURE 8
Effect of Ionic strength on the removal of TTHMs by a.) SWCNTs, b.) MWCNTs.
was slightly higher in BLW using MWCNTs +
FeCl3 (86%) than that of using SWCNTs (82%). A
TTHMs removal by coagulation process with CNTs.
similar trend was determined in chlorinated ULW
In this study, the influence of ionic strength on the
using MWCNTs +FeCl3 (83%), whereas using
TTHMs removal by CNTs was investigated. In the
SWCNTs (78%). In the meantime, the highest
investigation into ionic strength, KCl was used to
TTHMs removal (92%) using application of FeCl 3
adjust the ionic strength and four different
and SWCNTs in TLW was determined. Besides,
concentrations of 0.1, 0.2, 0.5, and 1.0 mol/L were
TTHMs removals were found as 76% and 73% in
applied to adjust the ionic strength. As shown Figure
chlorinated BLW and ULW, respectively when
8, with the increase in ionic strength from 0 to 1.0
Alum combined with SWCNTs.
mol/L KCl, the TTHMs removal decreased in all
On the other hand, the pH values and ionic
water sources. This can be interpreted that the
strength of water sources play a greater role in THMs
formation of surface complexes of metal ions with
removal by CNTs. The removal of THMs onto
functional groups on CNTs increases the repulsive
SWCNTs and MWCNTs increase with the range of
forces between THM compounds and CNTs. This
acidic pH values (pH 4 to pH 6) but decrease with
finding is confirmed by previous studies [78-80].
pH value as the pH exceeds 7.
This observation is consistent with other studies
[73, 74]. Also, as the ionic strength increases,
CONCLUSION
TTHMs removal ratio decreases, as shown this
study. Due to the harmful effects on human health
In this study, the removal of THMs using CNTs
and the environment, the CNTs particles were
using a coagulation process and the effects of pH and
recollected together with Alum coagulation and the
ionic strength on THMs removal with SWCNTs and
CNT waste was transported to solid waste
MWCNTs were examined. Coagulation experiments
incinerators with other hazardous wastes from the
demonstrated that SWCNTs were more effective
laboratory after a purifying, where they are
than MWCNTs in removing THMs from TLW
completely oxidized above 500oC through pyrolysis
containing hydrophobic organic matters. This is
[55].
probably because of the smaller diameter and the
Results from this investigation show that
larger surface area of the SWCNTs as compared to
coagulation using carbon nanomaterials can be
MWCNTs. Among the chlorinated water sources
effective in the removal of THMs from various types
within a reaction time of 168 hours, the highest
of chlorinated source waters. Therefore, water
THMFP value (255.6 μg/L) was observed in TLW
treatment plant operators may use the CNTs as
samples, followed by BLW (168.7 μg/L) and ULW
coagulants or aid-coagulant matter instead of
(120.82 μg/L).This finding suggests that the
conventional coagulants, such as those described in
hydrophobic structures into the NOM played a
this paper, to effectively remove THMs and the other
greater role in THM formation and also were more
disinfection by-products that can have adverse health
susceptible to coagulation process than the
effects on human health.
hydrophilic portion of NOM with low SUVA values
(< 3 L/mg.m) such as the BLW and ULW (Table 1).
These experimental outcomes are also consistent
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PRINCIPAL COMPONENT ANALYSIS-ARTIFICIAL
NEURAL NETWORK AND MULTIPLE LINEAR
REGRESSION FOR THE REMOVAL OF BASIC BLUE DYE
BY ALUMINA NANOPARTICLE LOADED ON ACTIVATED
CARBON PREPARED FROM PALM KERNEL
Abdol Mohammad Ghaedi*, Azam Vafaei
Department of Chemistry, Gachsaran Branch, Islamic Azad University, P.O. Box 75818-63876, Gachsaran, Iran

nonlinear relationships exist among variables
concern to the removal of basic blue dye by alumina
nanoparticle loaded on activated carbon prepared
from palm kernel.

ABSTRACT
The present study aimed to apply of principal
component analysis-artificial neural network (PCAANN) and multiple linear regression (PCA-MLR)
for the removal of basic blue dye by alumina
nanoparticle loaded on activated carbon prepared
from palm kernel. The effects of variables (pH,
contact time, initial dye concentration and adsorbent
dosage) on dye removal were modeled. By
comparing the results of the models, it can be
concluded that there is a good agreement between
the predicted data and the experimental data, while
the ANN model is better than the MLR model.

MATERIALS AND METHODS
All chemicals including dye, NaOH and HCl
with the highest purity available were purchased
from Merck Company (Darmstadt, Germany). All
laboratory equipment and instruments including pH
measurements, UV-Vis spectrophotometer as well
as equations and concepts utilized for the
measurement of removal (%) were fully introduced
in previous reports [6, 7].

KEYWORDS:
Adsorption; alumina nanoparticles; Basic blue; Palm
kernel; PCA-ANN; PCA-MLR

INTRODUCTION
Synthetic dyes were applied widely nowadays
in various industries such as textiles, leather,
cosmetics, printing, paper, etc. [1, 2]. Dye
compounds contain diversities of harmful organic
substances, which will impact the life cycle of
aquatic organisms [3], therefore the requisiteness of
dye wastewater undergo pretreatment prior of access
is serious [4]. Adsorption process was found to be
effective due to the advantages namely, high
efficiency, capacity and large-scale ability with
generable adsorbents [5].
Modeling is useful method in science and
engineering for simplifying complex systems to
solve the problems. Principal component analysis
(PCA) is used to minimize the dimensionality of
large data sets. Artificial neural network as nonlinear method is appropriate for modeling complex
nonlinear systems. This model based on alternative
formulas is able to solve problems in different fields
[6-11]. In this study, PCA-MLR and PCA-ANN
have been applied for investigation of linear and

FIGURE 1
Structure of the artificial neural network

ANN MODEL
In the study, Matlab R2013a and SPSS 19
statistical program have been utilized to predict the
removal percentage. Figure 1 shows the ANN
structure that was employed for predicting
relationship between inputs and outputs. A three
layer ANN with a tangent sigmoid transfer function
(tansig) at hidden layer, a linear transfer function
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is a good agreement between experimental data and
predicted data by ANN model.

(purelin) at output layer and Levenberg-Marquardt
back-propagation algorithm with 1000 iterations
were employed. The data were randomly divided
into two groups (75 % training (23 data) and 25% (7
data) as testing). Four neurons (concentration
(mg/L), pH, contact time (min) and adsorbent dosage
(g)), 1 to 25 neurons in the hidden layer and one
neuron (removal (%)) in the output layer were
applied, while its inputs and outputs normalized
between 0 and 1. The normalization expression used
is as follows:
 ݕൌ ሺݔ െ ݔ Τݔ௫ െ ݔ ሻ
(1)
where y is the normalized value of xi, the xmax and
xmin are the maximum and minimum value of xi,
respectively. The performance of models was
determined according to the mean squared error
(MSE) and the coefficient of determination (R2)
which can be indicated as follows:
ଶ
ଵ
(2)
 ൌ σ
୧ୀଵ൫ห୮୰ୢǡ୧ െ ୣ୶୮ǡ୧ ห൯


ଶ ൌ ͳ െ

Normalized predicted data

1

0,6
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0,4
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0,2
0
0
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0,6
0,8
Normalized experimental data

1

FIGURE 2
The predicted values of normalized removal
versus experimental data using the best ANN
model

మ

σొ
సభ൫୷౦౨ౚǡ ି୷౮౦ǡ ൯

0,8

(3)

మ
σొ
సభ൫୷౦౨ౚǡ ି୷ౣ ൯

MLR modeling. To study whether there is a
linear relationship existing between normalized
inputs and normalized removal (%) the MLR model
is employed in this work. The MLR model for
training set is obtained using four inputs and the
following equation is obtained:
y= 0.622-0.299x1-0.556x2+0.357x3+0.320x4 (4)
where Y, x1, x2, x3 and x4 are the removal (%), pH,
dye concentration (mg/L), contact time (min) and
adsorbent dosage (g), respectively. Then the model
is used for removal predicting of testing set. Figure
3 shows the predicted values of normalized removal
of data in the training, and testing sets using the
MLR model. The statistical results of the MLR
model indicate a coefficient of determination (R2) of
0.8697 and MSE of 0.0032 for the training set. The
model was also considered on the testing set, the
result show R2=0.8465 and MSE= 0.0136. By
comparing the results of the models, we can see that
there is a good agreement between the predicted data
and the experimental data, while the ANN model is
better than the MLR model.

where yprd,i is the forecasted value by the ANN
model, yexp,i is the experimental value, N is the
number of data, and ym is the average of the
experimental value.

RESULTS AND DISCUSSION

Normalized predicted data

Optimization of the ANN model. The optimal
structure of the ANN model is obtained based on the
maximum value of R2 and the minimum value of the
MSE of the testing set. In networks optimization 1 to
25 of neurons is applied in the hidden layer. It was
found that the ANN including 6 hidden neurons was
selected as the best model for removal of dye by
adsorbent. Using the optimal ANN model the R2 of
0.9997 and 0.8304 and MSE of 6.59e-06 and 0.0061
for the training and testing data set, respectively.
Figure 2 shows the predicted values of normalized
removal of data in the training, and testing sets using
the best ANN model. The results indicate that there

0,9
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FIGURE 3
The predicted values of normalized removal versus experimental data using the MLR model
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[10] Ghaedi, M., Ghaedi, A.M., Ansari, A.,
Mohammadi, F. and Vafaei, A. (2014) Artificial
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neural network and particle swarm optimization
for removal of methyl orange by gold
nanoparticles loaded on activated carbon and
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CONCLUSION
In this study, PCA-ANN and PCA-MLR
models are presented to predict the removal
percentage of Basic blue using alumina nanoparticle
loaded on activated carbon prepared from palm
kernel. The optimal PCA-ANN model was including
neuron number of six at hidden layer. Based on the
optimal PCA-ANN model, the MSE of 0.0061 and
R2 of 0.8304 for testing data set were obtained. The
results obtained show that there is a good agreement
between the predicted data and the experimental
data.
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APPLICATION OF GENETIC ALGORITHM- ADAPTIVE
NEURO-FUZZY INFERENCE SYSTEM AND GENETIC
ALGORITHM-MULTIPLE LINEAR REGRESSION FOR
SIMULTANEOUS DETERMINATION OF GLYCYRRHIZIC
ACID AND LIQUIRITIN IN LICORICE ROOT
Majid Mohagheghian*, Abdol Mohammad Ghaedi, Azam Vafaei
Department of Chemistry, Gachsaran Branch, Islamic Azad University, P.O. Box 75818-63876, Gachsaran, Iran

adaptive neuro-fuzzy inference system (GAANFIS), the original data are diminished to a limited
number applied as inputs for an ANFIS. So learning
time of the model is shortened. In addition, noise and
random error in the original data will be deleted. The
more accurate ANFIS model will be achieved by
using the GA. In this paper, a method for
simultaneous of two main components (GA and LQ)
in in their synthetic mixtures and solution extraction
of licorice root has been developed by using GAANFIS.

ABSTRACT
The present investigation aimed to apply of
genetic algorithm- adaptive neuro-fuzzy inference
system and genetic algorithm-multiple linear
regression for simultaneous determination of
Glycyrrhizic acid (GA) and Liquiritin (LQ) in
licorice root. Results show that there is a good
agreement between the predicted data and the
experimental data, while the GA-ANFIS model is
better than the GA-MLR model.
Using the GA-ANFIS model, the values of limit
of detection (LOD) were 0.1058 and 0.0919 mg L-1
and the values of limit of quantitation (LOQ) were
0.3527 and 0.3063 mg L-1 for GA and LQ,
respectively.

MATERIALS AND METHODS
Instrumentation. A Perkin-Elmer Lambda 25
spectrophotometer with 10 mm cells was applied for
measurement of the absorbance spectra. For all
solutions, the spectra were recorded, over a range of
400-200 nm against solvent (70 % aqueous methanol
solution) at a scan speed of 240 nm/min, wavelength
interval 0.1 nm. A pH meter (Metrohm, Model 691)
with a double junction glass electrode was employed
to check the pH of the solutions.

KEYWORDS:
Glycyrrhizic acid, Liquiritin, GA-ANFIS, GA-MLR

INTRODUCTION
Licorice (Glycyrrhiza Uralensis Fisch) is one of
the traditional media herbs in Iran. liquiritin (LQ)
and glycyrrhizic acid (GA) are the main compounds
in licorice[1]. licorice flavonoids and triterpene
saponins including LQ and GA indicate wide
biological activities such as anti-ulceric, antithrombotic, anti-viral, anti-inflamatery, anticarcinogenic, anti-tumor and etc.[2, 3] Different
analytical approaches have been reported for
determination of GA and LQ in the literature[4, 5].
Various spectrophotometric determination technique
have been applied for resolving mixture of
compounds with overlapping spectra. Ghaedi et
al.[6] determined GA and LQ LQOLFRULFHURRWXVLQJ
ILUVW GHULYDWLYH VSHFWURSKRWRPHWULF DQG 9LHURUGWࡓV
method. Chemometric approaches based on artificial
intelligence such as adaptive neuro-fuzzy inference
system (ANFIS), genetic algorithms (GA) have
found increment applications for multicomponent
kinetic determination[7]. In genetic algorithm

Materials. The details of all reagents, stock
solution, sample preparation and methods of
validation such as limit of detection (LOD), limit of
quantitation (LOQ) and percent relative standard
deviation (% R.S.D) have been reported in our
previous work[6].
Feature selection. ANFIS, like other modeling
techniques, are must be used in conjunction with
variable selection approach including GA. A GA is a
stochastic method to solve optimization problems
defined by a fitness criteria using evolution
hypothesis of Darwin and different genetic
functions, i.e. crossover and mutation[8]. After the
generation of spectra, how to search the feature space
and select the best set of inputs correlated with the
concentration of GA and LQ is the next question.
Said another way, due to raising computational
power of hardware and software and the reducing
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respectively.

cost for computing and collecting various inputs,
many models depend on the correct analysis and
selection of computed inputs as independent
variables for the constructing of model. It must be
noted that usually only a small subset of the
calculated data has necessary information for
building a mathematical model of the investigated
system. It is possible to build up models including all
the spectra data but there are many reasons to avoid
this namely irrelevant inputs may add extra noise,
which worsens the accuracy of the developed model,
they increase the complexity and number of
parameters of the generated model. Therefore, in
order to construct a model, it is desirable to select a
set of inputs. This method is named variable
selection, and it corresponds to finding a subset of
the original set of obtained inputs that indicates good
predictive abilities. The GA is a simple and fast
technique with good performance.

FIGURE 1
The architecture of the ANFIS model
For the generated model, two parameters were
employed to evaluate the performance of the models.
The mean squared error (MSE) and the coefficient of
determination (R2) which can be shown as follows:

ANFIS model. One of the powerful technique
to obtain input-output relationship in complex
nonlinear systems is fuzzy modeling. The process of
fuzzy inference system contains membership
function, logical operation and if-then rules. It
involves fuzzy rules, fuzzifier, defuzzifier and fuzzy
inference engine. Fuzzy rules (if-then rules) play a
central role in most applications of fuzzy logic (FL).
Fuzzy rule is a type of linguistic variable, that is, a
variable whose values are words rather than
numbers[9]. The fuzzifier unit converts real numbers
of input into fuzzy sets. The Gaussian membership
function has been employed in this research is
showed as follows:
ߤ ሺܺሻ ൌ ݁ ݔ൬െ ቀ
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(4)
where ݕௗǡ is the predicted value by models,
ݕ௫ǡ is the experimental value, N is the number of
data, anݕ d is the average of the experimental value.
RESULTS AND DISCUSSION

௫ି௫  כଶ
ఙ

ቁ ൰

The impact of pH on the absorption spectra of
GA and LQ was considered. From ultraviolet
scanning of GA and LQ can be seen that as the pH
increases, the maximal absorption wavelength of GA
solution decreases, and LQ solution has a large
bathochromic shift and the absorbency is much
stronger. The GA maximal absorption wavelength
undergoes a very small change as the pH increases.
For LQ the maximal absorption wavelength started
to increase at pH 6 and reached the maximum at pH
8, with a red shift of about 57 nm from 276.2 to about
333.2 nm. pH value of 9 was considered suitable for
use throughout the study. The absorption of GA and
LQ solutions at pH 9 are indicated in Figure 2. The
spectra shows overlapping in the region 200-290 nm.
Therefore, the determination of GA in presence of
LQ by conventional UV spectrophotometry is
difficult, but the determination of LQ between 320 to
360 nm might be possible without the interference
from GA.

(1)
ZKHUHı[ DUHIXQFWLRQSDUDPHWHUV7KHPHDQ
of defuzzification contains of centriod, bisector,
smallest of maxima (SOM), mean of maxima
(MOM) and largest of maxima (LOM). There are
two types of fuzzy inference systems. After selection
inputs by GA, the data set is divided into training and
testing sets. The ANFIS architecture is showed in
Fig. 1. It displays dependency of ANFIS rules on the
inputs and outputs, and the system has a total 5
layers. The five layers are identified as one input,
three hidden and one output layer. The ANFIS was
run on MATLAB R2009a software. The ANFIS
input layer consists of five inputs that obtained by
GA. The output is the concentrations of GA and LQ.
Gaussian type membership function (guessmf) is
used for input. Input and output data are normalized
between 0.1 and 0.9. The normalization equation is
indicated as follows:
 ݕൌ ሺݔ െ ݔ Τݔ௫ െ ݔ ሻ ൈ ͲǤͳ  ͲǤͺ
(2)
where y is the normalized value of ݔ  ݔ௫ 
and ݔ are the maximum and minimum value of xi,
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0.9710; MSE of 5.98e-05 and 6.94e-04 were
obtained, respectively.
GA-MLR model. MLR model was used to
study the linear relationship existing between
normalized inputs and concentration of GA and LQ.
The MLR model for training data was achieved and
the following equations were obtained for GA and
LQ, respectively.
y=
0.063-0.102X1+0.618X2+0.666X30.177X4-0.088X5
(5)
y=
0126+0.276X1+0.979X2-0.284X30.054X4-0.158X5
(6)
where y, x1-x5 are output and inputs,
respectively. Then the models were used for
concentration predicting of testing set. Figure 4
displays the predicted values of concentration in the
training, and testing sets using the MLR model. The
statistical results of the MLR models indicate R2 of
0.9897 and 0.7890; MSE of 0.2068 and 1.4982 for
GA and LQ with training set, respectively. The
models were also investigated on the testing set, the
results show R2 of 0.9838 and 0.9116; MSE of
0.2917 and 0.1096 for GA and LQ, respectively. By
comparing the results of the models, we can see that
there is a good agreement between the predicted data
and the experimental data, while the ANN model is
better than the MLR model.

FIGURE 2
Spectra of GA (32 mg/L) and LQ (8 mg/L)
at pH 9
Linearity, sensitivity and selectivity. GAANFIS architecture. The ANFIS model was
employed to obtain concentration of GA and LQ.
Before any ANFIS analysis, it must be noted that
models with non-collinear inputs are more
informative and more stable. Among these inputs
one of them, which had higher correlation with
concentration as dependent variable, was retained
and the others were deleted from the data matrix of
inputs. Finally, the ANFIS model was constructed
using the five descriptors appearing in the output of
GA as its inputs, and concentration of GA and LQ as
its output. The optimal structure of the GA-ANFIS
model was obtained based on the minimum value of
MSE and maximum of R2 of the training and testing
sets. Number membership function for inputs,
constant and linear type membership function that
were utilized for output during generating FIS,
optimum methods and iterations were studied and
the results were showed in Table 1. Figure 3 shows
the predicted versus experimental data for training
and testing data set using the GA-ANFIS model. For
GA and LQ using the testing set, R2 of 0.9773 and

Accuracy and precision. Table 2 summarizes
the validation data achieved from 10 replicate
measurements of the standard solutions of 20 and 10
mg/L of GA and LQ, respectively. The mean
recovery percent, standard deviation (S.D.), standard
error (S.E.), relative standard deviation percent (%
R.S.D.), limit of detection (LOD) and limit of
quantification (LOQ) of GA and LQ are shown in
Table 2.

TABLE 1
Comparison of various ANFIS models with different variables
Input
Number
MFs

Output
MF Type

of

Optimum
Method

Epoch

GA
Training

Testing

LQ
Training

Testing

R2

R2

R2

R2

Constant

3

3 3

3 3

Hybrid

30

1.0000

Constant

3

3 3

3 3

Hybrid

100

1.0000

Constant

3

3 3

3 3

Back propagation

30

0.1277

Constant
Sub.
Clustering
Sub.
Clustering
Sub.
Clustering

3

3 3

3 3

Back propagation

100

0.8931

3

3 3

3 3

Hybrid

30

1.0000

3

3 3

3 3

Hybrid

100

0.9998

3

3 3

3 3

Back propagation

30

0.9955

Linear

3

3 3

3 3

Hybrid

30

1.0000

Linear

3

3 3

3 3

Hybrid

100

1.0000

Linear

3

3 3

3 3

Back propagation

30

0.2306

Constant

2

2 2

2 2

Hybrid

30

0.9986

Constant

2

3 2

3 2

Hybrid

30

0.9994

MSE
4.27e09
4.27e09
0.0031
3.17e04
4.27e09
5.42e07
1.34e05
3.86e10
3.86e10
0.0023
4.06e06
1.90e06
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0.9773
0.9773
0.0057
0.5311
0.9773
0.9793
0.9727
0.9623
0.9623
0.0056
0.9754
0.9749

MSE
5.98e05
5.98e05

1.0000
1.0000

MSE
2.39e07
2.39e07

MSE

0.9560

0.0011

0.9560

0.0011

0.0089

0.7617

0.0036

0.7462

0.0061

0.0012

0.8607

0.0021

0.7625

0.0057

0.9678

7.68e04

0.9560

0.0011

0.8450

0.0037

0.8147

0.0044

5.98e05
5.43e05
7.18e05
9.92e05
9.92e05
0.0065
6.48e05
6.60e05

0.9999
1.0000
0.8402
1.0000
1.0000
0.8602
0.9965
0.9993

1.20e06
2.39e07
0.0024
5.89e08
5.89e08
0.0021
5.28e05
1.04e05

0.8147

0.0044

0.7999

0.0048
6.93e04

0.9710
0.8672

0.0032
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FIGURE 3
The experimental data versus the predicted data of concentration using GA-ANFIS
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FIGURE 4
The experimental data versus the predicted data of concentration using GA-MLR
TABLE 2
Results of validation parameters obtained using models
ANFIS
GA
LQ
MLR
GA
LQ

Accuracy
(Recovery, %)

S.D.b

S.E.c

Reproducibility (RSD, %)

LOD, mg/L

LOQ, mg/L

100.01
99.99

0.0353
0.0305

0.0158
0.0136

0.1763
0.7731

0.1058
0.0919

0.3527
0.3063

100.29
101.12

0.3044
0.2158

0.1015
0.0719

1.1518
2.1339

0.0290
0.3035

0.0969
1.0120

a

Ten replicate samples (n =10)
Standard deviation of the recovery of the sample
c
Standard error of the absorbance of the sample
b

TABLE 3
Results of recovery investigate of GA and LQ in synthetic mixtures
Mixture number

1
2
3
4
5
6
7
8
9
10
11
12

X
S.D.
R.S.D., %

GA
Added, mg l-1
8
8
24
28
28
28
28
36
40
64
64
20

LQ
ANFIS
Recovery, %
100.02
100.01
99.98
99.99
99.99
99.97
100.00
100.00
99.99
99.999
99.99
100.20
100.63
0.0618
0.0617

MLR
Recovery, %
104.50
109.53
101.24
99.13
98.83
97.48
98.90
99.83
99.78
100.70
99.18
98.45
100.02
3.3183
3.2975
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Added , mg l-1
2
8
8
2
8
14
16
6
8
16
8
10

ANFIS
Recovery, %
99.86
99.98
100.05
99.99
99.96
100.01
99.99
100.02
100.0
99.99
99.99
100.81
100.06
0.2422
0.2421

MLR
Recovery, %
128.63
105.60
103.73
102.7
100.83
97.24
97.08
103.69
97.28
99.33
96.08
98.59
102.56
8.7849
8.5651
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TABLE 4
Results obtained for the determination of GA and LQ in real sample extracted from licorice root
GA

LQ

Sample
ANFIS
Added,
mg/L

Found a, mg/L

4
8
12

3.6
7.07
11.63
15.72

4
8
12
4
8
12

MLR
Founda,
mg/L

ANFIS

MLR

Added,
mg/L

Found a, mg/L

Founda,
mg/L

4.16
7.52
12.09
16.11

2
4
6

1.62
3.49
5.45
7.29

1.54
3.42
5.29
7.17

7.67
11.77
15.58
19.23

7.63
11.74
15.46
19.18

2
4
6

0.76
2.6
4.62
6.56

0.73
2.63
4.65
6.57

3.04
7.35
11.23
15.7

2.55
6.72
10.50
14.99

2
4
6

4.01
5.77
7.66
9.82

4.20
5.98
7.70
9.98

0.16
4
4.52
8
8.72
12
12.94
a Average for two determinations

0.48
4.69
8.85
12.87

2
4
6

4.22
6.07
8.03
9.82

4.24
6.04
7.87

Brand A

Brand B

Brand C

Brand D

9.75

In order to achieve the accuracy and precision
of the approach some binary mixtures with different
concentration ratios of GA and LQ were made from
stock solutions which were analyzed using the
presented methods. Table 3 summarizes the
recoveries obtained for GA and LQ in synthetic
mixtures.

from each other. The matrix did not interfere in their
determinations. The results obtained display that
there is a good agreement between the experimental
and predicted concentrations.

Application to real samples. The methods
were employed to measure the concentration of GA
and LQ in licorice 70% aqueous methanol solution
whose licorice roots were collected from four
various regions in south of Iran (named brand A, B,
C and D). Two replicate determinations were made.
In order to verify the accuracy of the introduced
approach and detect interactions of the matrix in
these methods, experiments were performed using
the standard addition method.
Amounts of 4, 8 and 12 mg/L of GA and amounts of
2, 4 and 6 mg/L of LQ were simultaneously added to
solutions. The results obtained (Table 4) showed
satisfactory amounts found and confirmed the
accuracy of the methods.
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IN VITRO CYTOTOXIC ACTIVITIES OF
CYCLAMEN L. (PRIMULACEAE) ETHANOL EXTRACTS
FROM TURKEY
Serdar Dusen, Cigdem Aydin*, Hesna Yaka Gul, Cennet Ozay, Olcay Dusen, Ramazan Mammadov
Department of Biology, Faculty of Arts and Science, Pamukkale University, 20070 Denizli, Turkey

species, which are predominately distributed in
Southern Europe, Western Asia, Northern Africa and
around the Mediterranean. In Turkey, this genus is
represented with 12 taxa, 5 of which are endemic [4].
Pharmacological investigations on the extracts or
isolated saponins of Cyclamen spp. tubers exhibited
in vitro cytotoxic, antimicrobial, analgesic and antiinflammatory activities [5-9]. Early investigations
on the different Cyclamen species resulted in the
isolation of triterpenoid saponins, a piperidine
alkaloid and sterols [11,12]. It is generally believed
that plants that have more saponin content show
good cytotoxic activity, that is there is a direct
correlation between total saponin content and
cytotoxic activity. There are some studies about the
chemical composition of several Cyclamen species
which contain some triterpene saponins and
glycosides [13-15]. Also, analgesic, antiinflammatory and antimicrobial activities of some
Cyclamen species such as C. repandum and C.
mirabile have been reported [9].
Cyclamen tubers have toxic saponins in
abundant amounts. Even the tubers have posinious
saponin, wild boars look for to collect and eat them
without any post effect [13]. Saponins as
commercially significant compounds, have expanding applications in food, cosmetics, and
pharmaceutical industries due to their anticancer,
antioxidant,
antihypertensive,
antibacterial,
antifungal and antiviral activities [15].
The brine shrimp test represents a rapid,
inexpensive and simple bioassay for testing the plant
extract lethality which in most cases correlates
reasonably well with cytotoxic and anti-tumor
properties. Therefore, crude extracts must be
screened for biological activity. The brine shrimp
lethality assay has been proved to be a convenient
system for monitoring biological activities of natural
products [16].
The brine shrimp lethality assay is a general
bioassay that seems to be capable of detecting a wide
spectrum of bioactivity present in crude extracts.
This method is used for the determination of LC50
values of herbal extracts. It appears that BSLT is
predictive of cytotoxicity and pesticidal activity,
since its introduction [17]. The commercial
availability of inexpensive brine shrimp eggs, the

ABSTRACT
We have evaluated the cytotoxic activities of
the ethanol extracts of tubers and leaves of eight
Cyclamen L. taxa (C. alpinum Dammann ex Spreng.,
C. cilicicum Boiss. & Heldr., C. coum Mill. subsp.
coum, C. graecum subsp. anatolicum Ietsw., C.
hederifolium Aiton, C. mirabile Hildebr., C.
persicum Mill., and C. pseudibericum Hildebr.)
collected from Turkey by using brine shrimp
(Artemia salina L.) lethality test and the LC50 values
of the extracts were also determined. The strongest
cytotoxic activities were obtained by ethanolic tuber
extracts. LC50 values were calculated by EPA Probit
Analysis Program (version 1.5). The extracts of eight
taxa showed moderate cytotoxicity against brine
shrimp (LC50 EHWZHHQDQGȝJP/ 7KH
extracts of C. graecum subsp. anatolicum and C.
persicum showed significant cytotoxicity with LC50
YDOXHV RI  DQG  ȝJP/ UHVSHFWLYHO\ while
the extract of C. pseudibericum had LC50 at 533.22
μg/ml. It could be seen among eight tested plant taxa
that C. graecum subsp. anatolicum had the most
cytotoxicity.

KEYWORDS:
Artemia salina, Brine shrimp, Cyclamen L., Cytotoxicity,
Turkey.

INTRODUCTION
Traditional and alternative medicine is
extensively practiced in the prevention, diagnosis
and treatment of various illnesses. It has regained
public attention over the past 20 years as this type of
medicine is easily accessible in some regions [1].
Geophytes (bulbs, tubers and rhizomes plants) with
its 26 genus and about 500 species, have a very
important place in Turkey. The genus Cyclamen L.
was formerly classified under the family
Myrsinaceae, but recently it has been re-classified
under the family Primulaceae [2]. Cyclamen are
primarily distributed around the Mediterranean, but
extend eastwards as far as the shore of the Caspian
Sea [3]. The genus Cyclamen comprises about 21
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Cyclamen taxa. The voucher specimens have been
deposited in Pamukkale University Herbarium
(PAMUH).

low cost, the safety and ease of performing the assay,
as well as no special technology requirement make
this a very helpful bench-top tool for the
phytochemistry laboratory [18]. The lethality to
brine shrimp is recommended as an effective
prescreen to existing cytotoxicity and antitumor
assays. A number of studies have established the use
of the brine shrimp assay to screen plants commonly
used as pesticides, anticancer and with
molluscicidal, larvicidal, fungicidal and cytotoxic
activity. Recently, this assay has been used
successfully to biomonitor the isolation of cytotoxic,
antineoplastic, antimalarial, insecticidal and
antifeedant compounds from plants [19]. Presently
there is an increasing interest world wide in herbal
medicines accompanied by increased laboratory
investigation into the pharmacological properties of
the bioactive ingredients and their ability to treat
various diseases [20]. Studying the toxicity of these
kind of plants is also important. The brine shrimp
lethality assay is considered a useful tool for
preliminary assessment of toxicity and it has been
used for the detection of fungal toxins, plant extract
toxicity, heavy metals, pesticides and cytotoxicity
testing of dental materials [21]. The brine shrimp
assay is very useful tool for the isolation of bioactive
compounds from plant extracts [22]. The method is
attractive because it is very simple, inexpensive and
low toxin amounts are sufficient to perform the test
in the microwell scale.
The present study aims to provide data on the
cytotoxic potential of eight Cyclamen taxa (C.
alpinum, C. cilicicum, C. coum subsp. coum, C.
graecum subsp. anatolicum, C. hederifolium, C.
mirabile, C. persicum and C. pseudibericum)
collected from Turkey by using brine shrimp.

Preparation of plant extracts. The plant parts
(leaves and tubers) were air-dried under the shade
and ground using a laboratory mill and a kitchen
blender. The 50 g shade-dried powdered plant
samples were extracted with ethanol in in a vibrating
water bath (Memmert, WNB 14) at 55 ºC. The
mixture was extracted after being heated in a
vibrating water bath at 55 ºC. Extract was filtered
with (Whatman No: 1) filter paper. After filtration of
each extract, the solvents were evaporated in a
Rotary Evaporator (IKA, RV 10D, Germany) at 4849 ºC and the water in each extract was frozen in
Freeze-Drying machine (Labconco, FreeZone,
USA) and then drawn out [23].
Brine shrimp assay for cytotoxic activity.
Cytotoxicity was evaluated by the brine shrimp
lethality bioassay [22]. Artemia salina eggs (10 mg)
were incubated in 500 ml of seawater under artificial
light at 28 ºC, pH 7-8. After incubation for 24 hr,
nauplii were collected with a pasteur pipette and kept
for an additional 24 hr under the same conditions to
reach the metanauplii stage.
Ten nauplii were drawn through a glass
capillary and placed in each vial containing 4.5 ml of
brine solution. In each experiment, 0.5 ml of the
plant extract was added to 4.5 ml of brine solution
and maintained at room temperature for 24 hr under
the light and surviving nauplii were counted [24].
Experiments were conducted along with control, five
different concentrations (10 Pg/ml, 50 Pg/ml, 100
Pg/ml, 500 Pg/ml and 1000 Pg/ml) of the test
extracts in a set of three tubes per dose. For all the
extracts used in screening process brine shrimp
lethality was recorded after 24 hours by using
overhead projector [21]. The percentage (%) of
lethality was calculated from the mean death shrimp
larvae of extracts treated tubes and control. LC50
values were calcuted by EPA Probit Analysis
Program (version 1.5).

MATERIALS AND METHODS
Plant materials. Eight Cyclamen taxa were
collected in spring-autumn 2013 from different
regions (Antalya, MugOD+DWD\$\GÕQ'HQL]OLDQG
Adana) of Turkey (Table 1). The Flora of Turkey
(Meikle 1978) was used in the identification of

TABLE 1
Collection dates and localities of the Cyclamen taxa from Turkey
Cyclamen Taxa

Localities

C. alpinum
C. cilicicum
C. coum subsp. coum
C. graecum subsp. anatolicum
C. hederifolium

Denizli - Cankurtaran
Antalya - Elmali
Mugla - Datça
Antalya - Kemer
Aydin - Kusadasi
Mugla - Datca
Mugla- Yatagan
Hatay - Dortyol
Hatay - Yayladag

C. mirabile
C. persicum
C. pseudibericum

Altitude (m)

6225

759
1095
28
10
21
28
365
34
613

Collection Data
(month/year)
5/2013
10/2013
3/2013
10/2013
10/2013
10/2013
10/2013
3/2013
3/2013
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TABLE 2
Brine shrimp bioassay results of the extracts Cyclamen taxa

Cyclamen Taxa
C. alpinum
C. cilicicum
C. coum subsp. coum
C. graecum subsp. anatolicum
C. hederifolium
C. mirabile
C. persicum
C. pseudibericum

Percent death at 24 hours and LC50 (μg/ml)
Test Concentrations (μg/ml)
Used plant parts
0
10
50
Leaf
20.5
42.3
55.2
Tuber
20.5
56.4
77.3
Leaf
20.5
61.2
66.6
Tuber
20.5
47.7
77.2
Leaf
20.5
48.9
58.1
Tuber
20.5
53.6
71.6
Leaf
20.5
75.4
82.6
Tuber
20.5
72.0
79.8
Leaf
20.5
32.4
45.9
Tuber
20.5
45.6
51.9
Leaf
20.5
49.5
71.1
Tuber
20.5
36.6
41.9
Leaf
20.5
27.4
33.7
Tuber
20.5
39.5
41.7
Leaf
20.5
30.0
33.5
Tuber
20.5
18.4
40.9

100
65.1
80.7
68.6
80.3
58.4
72.1
89.3
85.0
69.4
69.8
77.7
77.5
46.8
48.0
40.4
58.0

500
72.0
82.2
79.3
82.4
77.3
83.3
96.4
87.5
95.2
79.9
78.3
80.6
47.7
64.3
63.4
64.7

1000
75.3
85.8
85.2
92.3
83.4
94.1
100
96.6
96.6
91.4
86.4
100.0
57.7
71.7
71.2
87.2

LC50 (μg/ml)
122.56
9.89
21.65
19.31
84.88
25.87
4.20
2.93
85.95
72.34
89.02
25.88
23.04
3.60
533.22
206.07

authors [13]. Saponin are likely to have contributed
to the cytotoxic activity of the extract.
Until now, biological activities of extracts
isolated from Cyclamen species have been studied
by different authors in the world [28]. High
antioxidant activities of petroleum ether, acetone,
methanol and water extracts of C. mirabile leaves
and tubers reported by Sarikurkcu [29].
From results of the brine shrimp lethality
bioassay used in this work, it can be concluded that
this test is useful in determining the biological
activity of Cyclamen taxa. Since many of these
species are used in traditional medicine, their
extracts should be subject to further investigation for
isolation and identification of biologically active
compounds. However, further investigation on the
cytotoxicty effect of the methanol extracts of the
some Cyclamen taxa is needed for the better and
broader understanding of the cytotoxic effect in
mammals. However, more detailed researches
should be isolation of bioactive compounds from
these plants and further toxicological studies (e.g.
acute, subacute and chronic toxicity) are needed in
order to establish them as a medicine.

RESULTS AND DISCUSSION
The model by brine shrimp lethality bioassay is
a widely used method to evaluate the cytotoxicity of
the extracts. The brine shrimp lethality assay
represents a rapid, inexpensive and simple bioassay
for testing plant extracts bioactivity which in most
cases correlates reasonably well with cytotoxic
properties [21, 22].
The cytotoxic activity of ethanolic extracts of
leaves and tubers of eight Cyclamen taxa were
investigated in-vitro against the brine shrimp.
Results (LC50 values) are shown in Table 2. Some of
the extracts (LC50 < 1000) were found to be active in
the brine shrimp lethality bioassay. As shown in
Table 2, all of the ethanolic extracts of the tubers
showed significant activity for all extracts.
The extract of C. persicum leaves and tuber, C.
cilicicum leaves and tuber, C. mirabile leaves, C.
coum subsp. coum tuber, C. alpinum tuber, C.
graecum subsp. anatolicum leaves and tuber showed
significant cytotoxicity against brine shrimp (LC50 <
 ȝJP/  ZLWK /&50 values (23.04, 3.60, 19.31,
21.65, 25.88, 25.87, 9.89, 4.20 DQGȝJP/  The
most prominent activity with LC50 2.93 μg/ml while
the extract of C. pseudibericum had LC50 at 533.22
μg/ml. Low LC50 value indicates high cytotoxic
activity. Therefore, it can be stated that tuber extract
has possess strong cytotoxic activity on the Artemia
salina.
Literature reports show that saponins, have
been isolated from Cyclamen taxa extracts and found
to be potentially toxic [26, 27]. Hence, the observed
growth cytotoxic activity of our tuber and leaves
extracts could be due to the above saponin
compounds. Comparing our results with those from
other reports, similar TPC (expressed in terms of
catechol equivalents) values were reported by other

CONCLUSIONS
In conclusion, all extracts of the Cyclamen taxa
leaves and tubers possessed high cytotoxic activity
in-vitro and the results indicate that brine shrimp (A.
salina) lethality bioassay has been suggested as a
valid method to evaluate the cytotoxic activity of
these studied plant extracts (Cyclamen taxa tubers
and leaves). This further warrants phytochemical
screening of the ethanolic extracts of Cyclamen taxa
for the determination of its active cytotoxic
components.
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